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Depressive Behaviors Involve Inflammation

The association between stress, systemic inflammation, and behavioral signs

of depression has been recognized for over a decade ( Raison et al., 2006 ;

Capuron et al., 2008 ; Dantzer et al., 2011 ). Depressed and anxious persons

display elevations in blood levels of inflammatory cytokines [Interleukin-6 (IL-
6) and tumor necrosis factor-a (TNF-a)] as well as other markers of an
inflammatory state [e. g., C-reactive protein (CRP), soluble intracellular
adhesion molecule-1 (ICAM-1), and macrophage chemoattractant protein-1;

Rajagopalan et al., 2001 ; Zorrilla et al., 2001 ; Schiepers et al., 2005 ;

Raison et al., 2006 ; Howren et al., 2009 ; Dowlati et al., 2010 ], and given a

social stressor, depressed individuals exhibit greater elevations in

inflammatory cytokines, such as IL-6 ( Pace et al., 2006 ). Depressed persons

also exhibit lower levels of anti-inflammatory cytokines ( Li et al., 2011 ).

In addition to the findings for persons exhibiting behavioral signs of
depression, the immune system function of individuals undergoing stress has
been evaluated. In examining the leukocytes from individuals who reported

loneliness, Cole et al. (2007 , 2011 ) found increased transcriptional activity

of Nuclear Factor-kB (NF-kB), a marker of inflammatory activation. The
spouses of Alzheimer patients and caregivers for cancer patients are

characterized by high levels of inflammatory cytokines such as IL-6 ( Kiecolt-

Glaser et al., 2003 ; von Kanel et al., 2006 ) and higher levels of NF-kB

activity ( Miller et al., 2008 ). Persons who are under stress at work exhibit

elevations in ICAM-1, inflammatory cytokines, and acute phase proteins such
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as fibrinogen ( von Kanel et al., 2001 ; Steptoe et al., 2003 ; Ramachandruni

et al., 2004 ; Hong et al., 2006 ).

Investigating Causal Connections

Relatively early in these investigations, Maier and Watkins (1998) advanced

the hypothesis that undergoing psychological stress or provoking
inflammation in the periphery induces an equivalent state of systemic
inflammation. According to Maier and Watkins, systemic inflammation
correlates with changes in the brain. Regardless of the initiating event,
whether an infection or a psychological stressor, behavioral manifestations
of depression emerge that are driven by synonymous changes in the brain.
Maier and Watkins speculated that during evolution, an immune system for
fighting pathogens emerged first. When multi-celled organisms needed a
mechanism for responding to an external psychological threat, the body
recruited the already existing immune system for responding to external

threat. Similar ideas were proposed by Maes et al. (1999) . With regard to

the evolutionary connection between psychological stressors and

inflammatory activation, Pace et al. (2012) have suggested that given a

psychological threat, such as attack by a predator, preparing the immune

system to fight infection resulting from a predatory attack could be adaptive.

Manipulating psychological stress

Given the association between subjective distress and markers of systematic
inflammation, researchers investigated the direction of a possible causal
relationship. Learned helplessness is an animal model of depression. To

induce learned helplessness, researchers subject animals to bouts of
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uncontrollable shock. The animal cannot escape or avoid the shock.
Subsequent to this stressor, the animal appears depressed. The animal fails
to drink sucrose, displays less locomotion, fails to explore new environments,
and, even when subsequently given an opportunity to avoid an aversive
stimulus, fails to escape or avoid. Animals subjected to helplessness
inductions also have elevated levels of IL-1, in their hippocampus and

hypothalamus ( Maier and Watkins, 1998 ). Moreover, when an antagonist for

the IL-1 is placed in the hippocampi of animals exposed to uncontrollable
shock, the animal no longer exhibits depressed behavior, and no longer fails

to escape aversive stimuli ( Maier and Watkins, 1995 ; Johnson et al., 2004 ;

Koo and Duman, 2008 ; Arakawa et al., 2009 ). Thus, IL-1 in the

hippocampus seems to play a causal role in mediating behavioral

manifestations of depression.

Another way to make an animal exhibit signs of depression is to expose the
animal to repeated episodes of social defeat. After exposure to rounds of
social defeat the animal avoids other animals, displays reduced preference
for sucrose, and appears more depressed on tests such as the forced swim
test and the tail suspension test. Concomitant with behavioral signs of
depression, animals display elevation in inflammatory cytokines in plasma (

Merlot et al., 2004 ; Kinsey et al., 2007 , 2008 ; Avitsur et al., 2009 ).

In addition to the work with animals showing that stressing the animal will
induce signs of systemic inflammation, there is also experimental work in
humans. Persons who are subjected to laboratory stressors exhibit activation

of NF-kB ( Bierhaus et al., 2003 ) as well as an increase in inflammatory
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cytokines such as IL-6 in plasma ( Pace et al., 2006 ). In those individuals

who are low on chronic stress, increases in NF-kB activity are correlated with

perceived intensity of the laboratory stressor ( Wolf et al., 2009 ). A study by

Slavich et al. (2010) examined how a social stressors inducing elevations in

inflammatory cytokines changes brain function. Following the social stressor,
those with elevations in the soluble receptor for TNF-a exhibited greater
activation in the dorsal anterior cingulate and the anterior insula, two areas

involved in processing negative affect.

Manipulating peripheral inflammation

Studies established that stressing the animal in various ways results in
behavioral manifestations of depression along with elevations in
inflammatory cytokines in brain and in plasma. The next question was
whether establishing systemic inflammation in the periphery would result in
behavioral manifestations of depression. Placing lipopolysaccharide (LPS)
molecules in the paw of a mouse is a reliable way to elevate cytokines in the
blood stream without inducing real tissue damage to the organism from the
bacteria. Following elevations in cytokines in the blood stream, the mice
exhibit a lack of preference for formerly preferred foods, low levels of
activity, more social avoidance, less exploration of novel environments, an
increase in body temperature, and an increase in the production of cortisol (

Dantzer, 2001 ; Nadjar et al., 2005 ). Concomitant with the behavioral

change, the following are observed: an increase in the threshold for self-

stimulation in the medial forebrain bundle ( Borowski et al., 1998 ), a

diminution in activity in brain areas associated with positively motivated

behavior ( Stone et al., 2007 ), an increase in activation as detected by
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elevations in FosB/AFosB in areas of brain associated with depression (viz.,
parts of the shell of the Nucleus Accumbens, bed nucleus of the stria

terminalis (BNST), and the central nucleus of the amygdala; Frenois et al.,

2007 ; Engler et al., 2011 ). Moreover, IL-1 levels in brain (the hippocampus

and hypothalamus) are elevated. Again, when IL-1 antagonists are placed
into the brain, the depressed behaviors disappear, although it is noted that
timing for the administration of the IL-1 receptor antagonist (IL-1ra) and
placement of the IL-1ra can alter the parameters of the response to LPS that

are abrogated ( Bluthe et al., 1995 ; Konsman et al., 2008 ).

In addition to the animal work, similar work in humans is available. Several of
these studies observed random-assignment to either peripheral induction of
systemic inflammation or to a control condition. Those who received
endotoxin administration displayed impairment in memory which correlated

with inflammatory cytokine levels ( Reichenberg et al., 2001 ; Krabbe et al.,

2005 ) and an elevation in negative mood which correlated with cytokine

levels ( Reichenberg et al., 2001 ). Vaccinating people with typhoid proteins

is another reliable way to elevate inflammatory cytokines. Vaccinated
individuals displayed elevations in negative mood which correlate with IL-6

levels ( Wright et al., 2005 ).

Peripheral inflammation does impact the brain

Since the brain is supposed to be impervious to the entry of cytokines, the
guestion of how cytokines in the periphery communicate with brain has been
a subject of inquiry. Several mechanisms have emerged. First, the sensory

vagus nerve, which has receptors for IL-1 and prostaglandins ( Ek et al., 1998

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 7

), responds to local inflammation and results in activation in the Nucleus
Tractus Solitarius of the medulla which relays information to its projection
areas (the parabrachial, paraventricular and supraoptic nuclei and
ventromedial preoptic area of the hypothalamus, the central amygdala, and

the BNST; Dantzer et al., 2000, 2007 ; Goehler et al., 2000 ; Konsman et al.,

2000 ). Second, activated leukocytes in circulation can communicate with
brain tissue at areas where the blood brain barrier is weaker: the choroid
plexus and circumventricular organs, such as the median eminence, the
organum vasculosum lamina terminalis, the subfornical organ, and the area
postrema. In these areas, the junctions between the endothelial cells lining

blood vessels are less tight and allow for diffusion of cytokines ( Konsman et

al., 1999 ; Dantzer et al., 2000 ). Moreover, inflammatory proteins in plasma,

such as monocyte chemoattractive protein-1 (MCP-1), can weaken the blood

brain barrier ( Stamatovic et al., 2005 ). Finally, there are active transport

molecules on endothelial cells that allow for cytokines to be transported

across the blood brain barrier ( Dantzer et al., 2007 ; Shelton and Miller,

2010 ). Once in the CNS, the cytokines activate the microglia. When
microglia get activated, they release MCP-1 which will bring other white

blood cells to the brain ( Shelton and Miller, 2010 ).

Forces that can restrain systemic inflammation

The body does have mechanisms for curtailing an inflammatory response
following clearance of a pathogen. Following activation in response to a
pathogen, T regulatory cells (Tregs) are also differentiated. Tregs are

identified by their surface expression of CD25 and the expression of the
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transcription factor: FOxP3. Tregs release IL-10 and transforming growth

factor-B (TGF-B), which are anti-inflammatory cytokines ( Murphy, 2012 ).

Data supporting the hypothesis that stress will increase the level of
inflammatory cytokines has been presented. It is also the case that a

laboratory stressor will decrease the level of IL-10 ( Buske-Kirschbaum et al.,

2007 ) as well as the number of circulating Tregs ( Freier et al., 2010 ). Lower

levels of Tregs are also observed in those who are chronically stressed as
well. Stress will decrease the number of circulating Tregs; will downregulate
FoxP3, the transcription factor for Treg differentiation; and decrease plasma

levels of IL-10 and TGF-B ( Raison et al., 2010c ).

A protective role for IL-10 in preventing distress has been established.
Administration of IL-10 along with administration of LPS prevents the

emergence of behavioral signs of depression ( Bluthe et al., 1999 ). Mice

have been genetically engineered to over-express IL-10 display less anxiety,
while IL-10 knock outs display greater levels of anxiety and depressive
behavior on a forced swim test, although the impact of IL-10 is more

pronounced in females ( Mesquita et al., 2008 ). In the human literature,

under stressful conditions, those persons with higher levels of IL-10 report

less anxiety ( Maes et al., 1998 ). Following vaccination with an inflammatory

antigen, optimistic persons maintain higher levels of IL-10 ( Costanzo et al.,

2004 ).

Others have attempted to increase T regulatory cells by vaccinating with
antigens known to elicit a Tregs response. Vaccination with a heat killed

preparation of Mycobacterium vaccae will evoke a Treg response ( Rook and
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Lowry, 2008 ). Those who were vaccinated with M. vaccae report better

quality of life ( Dalbeth et al., 2004 ; O'Brien et al., 2004 ).

Other Consistent Findings

Beyond the random-assignment controlled research, there are other studies
consistent with the hypothesis that systemic inflammation is associated with
depressive behaviors. Particular diseases (metastatic melanoma and
hepatitis virus C) are treated with Interferon-a (IFN-a). IFN-a will induce
systemic inflammation. A significant number of persons (30-50%)
undergoing such treatment subsequently develop clinical depression (

Raison et al., 2009 ). In fact, in those being treated with IFN-a, feelings of

guilt and suicidal ideation are increased, not just malaise and fatigue (

Capuron et al., 2009 ).

In addition to the data on behavioral impact of IFN-a, several conditions are
associated with a rise in inflammatory cytokines. Both obesity and sleep
deprivation are associated with elevations in blood levels of inflammatory
cytokines (IL-1B, TNF-a). Both these conditions are risk factors for depression

(Irwin et al., 2006 ; Shelton and Miller, 2011 ). Metabolic syndrome, a state

of increased weight around the waist, is associated with high levels of IL-6

and CRP and is also a risk factor for depression ( Capuron et al., 2008 ).

Some of the human research has examined how systemic inflammation
alters brain function as observed through functional magnetic resonance
imaging. Administration of IFN-a induces activation of the dorsal anterior

cingulate-error detection area ( Capuron et al., 2005 ). Inoculation with

typhoid proteins, which increases systemic levels of IL-6, similarly enhances

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 10

activity of the insula and right anterior cingulate which correlate with

subjective fatigue and confusion ( Harrison et al., 2009 ). Moreover,

inoculation with typhoid proteins results in diminished control of the
subgenual anterior cingulate cortex by regulatory centers for reward,
emotion, and social processing, a phenomenon which is correlated with

levels of IL-6 ( Harrison et al., 2009 ). In addition to inducing changes in

areas associated with error processing such as the anterior cingulate cortex,
systemic inflammation is correlated with changes in dopaminergic system,
the system which undergirds motoric activity and motivation. Following
typhoid protein inoculation, levels of IL-6 correlate with altered activity in the
substantia nigra and behavioral measures of slower reaction times ( Brydon

et al., 2008 ). A study by Eisenberger et al. (2011) also noted changes in

dopaminergic structures. LPS administration in the periphery results in less
activity in the ventral striatal area (the brain’s reward area) in response to

monetary reward.

Inflammatory Cytokines May Explain Dexamethasone Non-Suppression

Another consistent finding in the literature is that the level of cortisol
hormone is often elevated in depressed individuals, although 30-50% of
depressed individuals may not display elevations in cortisol ( Muller and

Holsboer, 2006 ; Pace and Miller, 2009 ). Corticotropin releasing hormone

(CRH) from the parvocelluar neurons in the paraventricular nucleus of the
hypothalamus is the proximal cause of elevations in cortisol. With regard to
regulation of this system, given normal functioning, cortisol will act on
receptors for cortisol in the hippocampus. The hippocampus, through
connections in the BNST, will then communicate with the paraventricular
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nucleus of the hypothalamus to inhibit the CRH release. Moreover, the BNST
is probably more important in regulating CRH release in situations of chronic

stress ( Sapolsky, 1985 ; Ulrich-Lai and Herman, 2009 ). This is the negative-

feedback system for dampening a response. But in depressed individuals,
this inhibitory system does not work well. The problem with CRH not being
suppressible in depressed individuals may be related to inflammatory states.
It has been demonstrated in fibroblast cells that inflammatory cytokines will
interfere with glucocorticoid receptors function, although possible variation

in cell types is acknowledged ( Pariante et al., 1999 ). Thus, inflammation

may be the mechanism creating resistance to control of the cortisol system

in depressed individuals ( Pariante et al., 1999 ; Pace et al., 2007 ). Not only

will inflammatory cytokines interfere with regulation of cortisol release, but
inflammatory cytokines are also associated with less circadian variation in

cortisol release ( Raison et al., 2010a).

Genetic Risk

Vulnerability to depression under stressful conditions is conferred by various
alleles associated with proteins of the immune system. The short promoter in
the gene for the serotonin transporter has received a great deal of attention

as a risk factor for depression ( Lasky-Su et al., 2005 ). Interestingly, those

carrying the short promoter version of the serotonin transporter release
more IL-6 relative to IL-10 given exposure to a laboratory stressor (

Fredericks et al., 2010 ). The less frequently expressed alleles for the

serotonin transporter are at increased risk for exhibiting depression given

exposure to IFN-a ( Bull et al., 2009 ; Lotrich et al., 2009 ), although the

serotonin transporter gene interacted with alleles for IL-6 only making a
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difference in those who carried the allele for the less easily expressed IL-6
gene in the Bull et al. study. Particular alleles for TNF-a and IL-1 are also

associated with risk for depression or severity of symptoms ( Jun et al., 2003

; Yu et al.,, 2003 ; Raison et al., 2006 ; Traks et al., 2008 ). Thus, in looking for

genetic vulnerability to major depression, proteins of the immune system
may be as or more predictive than proteins associated with neurotransmitter

function.

Questions Remain

Questions about the hypothesis that inflammation has a critical role in
depression have been raised. The symptoms induced by cytokines versus a

psychological stressor may only partially overlap. Clinically, Capuron et al.

(2009) compared the phenomenon emerging in those who are treated with
IFN-a with the symptomatology in those who are depressed for other
reasons. Psychomotor retardation and weight loss predominated in the
former whereas guilt was more predominant in the latter. In those treated
with IFN-a, sickness behavior emerged immediately whereas depressive

symptoms emerged a month after treatment initiation ( Capuron and Miller,

2011 ). In terms of malleability, some interventions may differentially affect

sickness behaviors versus depressive behaviors. For example, O’'Connor et

al. (2009a) administered an inhibitor of indolamine 2, 3 dioxygenase (IDO to
be discussed later) along with inflammatory cytokines. The IDO inhibitor
precluded depressive behaviors (more immobility on a forced swim test and
tail suspension test) induced by cytokines while failing to affect locomotor

activity, weight change, or fever.
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Subtle variations in the response to psychological stressors versus systemic
inflammation induced by infection are possible. Immunological symptoms

emerge in stages after exposure to a stressor ( Maier and Watkins, 2010 ).

The response to cytokines can vary as a function of dosage and will also

emerge in stages ( Dantzer, 2004 ; Capuron and Miller, 2011 ). Moreover,

there may be subtypes of depression in which inflammation plays a lesser
role. However, the overlap between response to a psychological stressor and

response to a pathogen is well established.

Stress and Suppression of Some Compartments of the Immune System

The finding that depressed behaviors are associated with indicators of
systemic inflammation was surprising. During the late 1980s and 1990s, the
field of psychoneuroimmunology was rapidly developing. Animal work and
human studies showed that stress depresses many compartments of
immune system function. Seminal observations included the following:
Epstein-Barr virus is more likely to be reactivated in medical students during

final exams ( Glaser et al., 1994 ). Wound healing is slower in dental students

during final exams and in Alzheimer patient caregivers ( Kiecolt-Glaser et al.,

1995 ; Marucha et al., 1998 ). Stressed individuals, such as caregivers of

Alzheimer Disease patients, fail to develop a robust antibody response to

vaccination ( Kiecolt-Glaser et al., 1996 ; Glaser et al., 2000 ). Later, the

findings that systemic inflammation characterized depressed and stressed
individuals emerged. The idea that the body’s response to stress involved an
immune activation as well as suppression of some compartments of the

immune system seemed contradictory.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 14

The immune system is complex and capable of making many types of
responses. A big division of the compartments of the immune system is
innate versus adaptive immunity. Innate immunity includes those leukocytes
that respond promiscuously, activating in response to many pathogens and
other foreign molecules. Many of the inflammatory cytokines are products of
the innate system. In contrast, the adaptive immune system refers to those
leukocytes (T and B lymphocytes) that respond to only one type of molecule
and whose responding takes a period of days to activate. Adaptive immunity
is evoked with vaccination. A consensus is beginning to emerge regarding
the differential impact of stress on the innate versus the adaptive immune
systems. Stress reliably decreases the adaptive immune system as well as
decreasing natural killer cell activity. In contrast to the adaptive system,
stress activates the innate system, i. e., monocytes and macrophages which

release inflammatory cytokines ( Maier and Watkins, 1998 ; Zorrilla et al.,

2001 ; Raison et al., 2006 ).

Blume et al. (2011) observed that few studies have measured both immune

system activation (as evidenced by inflammatory cytokines) and immune
system suppression (less proliferation of T and B cells, attenuated Natural
Killer Cell Cytotoxicity, lower levels of wound healing) in the same study.
However, there is evidence that chronic activity of the innate immune
system is associated with less robust response from cells of the adaptive

immune system ( Maier and Watkins, 1998 ; Blume et al., 2011 ). Indeed,

exposure of T cells to TNF-a, an inflammatory cytokine, will decrease T cell

proliferation and production of cytokines ( Lee et al., 2008 ).
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One of the early investigations in the literature on psychoneuroimmunology
addressed the question of whether persons undergoing severe stress are
more likely to “ catch a cold.” The studies showed that persons undergoing
major stressors produced more mucous and exhibited more symptoms after

inoculation with a flu virus ( Cohen, 2005 ). However, the question of

whether more symptoms are reflective of greater activation or lesser
activation of the immune system is complicated. Cold symptoms (mucous
production, inflamed nasal passages) are phenomena reflecting innate

immune system activation. A recent study by Huang et al. (2011) provided

further clarification on which arms of the immune system are activated or
suppressed in those manifesting symptoms in response to a cold virus.
Huang et al., as in the earlier Cohen studies, inoculated research-participants
with live influenza and then tracked research-participant responses over
time. Those remaining asymptomatic had downregulated the NF-kB pathway
of the innate system. However, with regard to the adaptive immune system,
there was suggestion of a strong Thl response to the virus in those who
remained asymptomatic. The Huang et al. study thus demonstrated that
activation of the innate immune system can accompany a less vigorous

response from the adaptive system.

The Importance of Cytokines in Brain Mediating Behavioral
Changes

Researchers have abrogated the behavioral changes in response to LPS in

the periphery or learned helplessness induction by placing an antagonist to

IL-1B into brain ( Maier and Watkins, 1995 ; Johnson et al., 2004 ; Koo and

Duman, 2008 ; Arakawa et al., 2009 ). These findings imply that IL-1B, an
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inflammatory cytokine, induces changes which eventually result in
behavioral manifestations of depression. Other researchers have
investigated the downstream changes associated with an increase in IL-1f3
that might operate as more proximal factors in driving the behavioral
manifestations of depressed behavior. Discussion of downstream events
subsequent to an increase in IL-1Billuminates the significance of brain
derived neurotrophic factor (BDNF), a protein which has been featured in
explanations of the mechanisms behind the efficacy of antidepressants, as
well as the significance of IDO, which has been purported to link to the

serotonergic system.

Immunologists view inflammation as a mechanism for fighting pathogens.
Most immunology texts view the primary job of leukocytes as providing
protection against pathogens. However, a new role for cells of the immune
system has been posited by Ziv and Schwartz who have shown that
activated leukocytes play a vital role in maintaining the health of the brain (

Schwartz and Ziv, 2008b ). The “ type of immune activation critically

determines the outcome” ( Schwartz and Shechter, 2010a , p. 343). The

emerging view is that white blood cells, if activated along non-inflammatory
pathways, can contribute to brain health and result in behavioral resilience in
the face of external stressors. Growth factors, such as BDNF, are featured in
the health-promoting activation research as well. In the literature on brain
health, there has also been a focus on systemic immunological factors that
influence the behavior of brain leukocytes. After examining specifics
regarding the state of brain inflammation, a discussion of how the immune

system can support brain health and behavioral resilience is presented.
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Microglia are resident white blood cells in brain. They are essentially the
brain’s resident macrophages, which can engulf and destroy pathogens.
When microglia detect LPS or the animal is stressed, the microglia become
activated and can release the inflammatory cytokines: IL-1, TNF-a, and IL-6 (

Monje et al., 2003 ; Perry et al., 2003 ;: Blandino et al., 2006 : Schwartz and

Ziv, 2008b : Ekdahl et al., 2009 ; Molina-Holgado and Molina-Holgado, 2010 ;

Tynan et al., 2010 ). This is effectively an inflammatory pathway. Blocking

microglia’s inflammatory response subsequent to LPS administration will

abrogate the emergence of depressed behaviors. Henry et al. (2008) showed

that if a drug (minocycline), which prevents activation of microglia, is given
prior to LPS administration, then depressive behavior (decreased preference
for sucrose) is precluded. Moreover, in the Henry et al. study, minocycline
prevented the rise in inflammatory cytokines (IL-1B and IL-6) in the
hippocampus as well as attenuating the increased expression of IDO (which

is discussed the next section).

Subsequent research has offered clues into phenomenon in brain that occur
in response to inflammatory cytokines such as IL-1B that might constitute

more proximal causes for changes in behavior. Koo and Duman (2008)

showed that pretreatment with an IL-1 inhibitor will block the emergence of
depressive behaviors and prevent the decrement in neurogenesis in
response to stress. (The significance of decrements in neurogenesis in
mediating depressive behaviors will be discussed in a later section.)
Downstream of IL-1B is activation of the transcription factor, NF-kB. The
changes in behavior induced by IL-1B can be abrogated by blocking the
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activity of the transcription factor NF-kB, whose activity is increased by IL-13

( Nadjar et al., 2005 ; Koo et al., 2010 ). NF-kB serves to further enhance

inflammation.

The indolamine 2, 3 dioxygenase connection

Indolamnine 2, 3 dioxygenase has been a focus of much discussion in the
literature on inflammation mediating depressive behavior. This enzyme is
present in macrophages, as well as other cell types, and operates when a
macrophage is activated. It is also active in brain under conditions of chronic
inflammation. IDO converts tryptophan to kynurenine and thereby depletes
the local environment of tryptophan. Tryptophan is the substrate for the

production of serotonin ( Miller, 2009 ).

Some have suggested a causal role for the IDO enzyme in the depressive

behaviors associated with inflammation ( Miller, 2009 ; Raison et al., 2010b ).

The strongest evidence for IDO playing a causal role in LPS or bacille
Calmette-Guréin induced depression is the finding that inflammation fails to
induce depressed behaviors in mice lacking the indolamine 2, 3

dixoxygenase gene or when an inhibitor of the enzyme is given ( O'Connor et

al., 2009a , b ; Raison et al., 2010b ). Interestingly, inhibiting the IDO did not

decrease the rise in inflammatory cytokines in response to vaccination (

O’Connor et al., 2009a ). The product of IDO is kynurenine. Systemic

administration of kynurenine will induce depression ( O'Connor et al., 2009b

) and kynurenine can pass through blood brain barrier. In terms of potential
ways that kynurenine might impact neurotransmission, kynurenine does get

converted to quinolinic acid and kynurenic acid, both of which can affect
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neurotransmitters signaling such as glutamate signaling and dopamine

signaling ( Amori et al., 2009 ; Miller, 2009 ; Sublette et al., 2011 ).

Another hypothesis links IDO activity to lower levels of serotonin. Given IDO
activity, tryptophan, the precursor to serotonin gets depleted in plasma. Low
serotonin has been suggested to play a role in causing depressed behavior (

Gal and Sherman, 1980 ; Miller, 2009 ; O’'Connor et al., 2009a ). Against the

hypothesis that IDO influences depressive behaviors by lowering tryptophan
levels are the findings that tryptophan depletion does not reliably induce
depression in all people, although those at risk for depression may be more

susceptible ( Bell et al., 2001 ). Moreover, as previously mentioned,

kynurenine alone, without any reduction in tryptophan, can induce

depression ( O'Connor et al., 2009b ).

Another puzzling finding is that activation of the IDO enzyme in
macrophages in the periphery induces differentiation of T regulatory cells (

Henry et al., 2008 ; Johnson et al., 2009 ), which as discussed previously, are

believed to counter depressive behaviors. At this point, the role of IDO in

producing depression given systemic inflammation awaits clarification.

The significance of neurogenesis and BDNF

In the literature on neuroprotection, the state of the microglia and whether
microglia foster or dampen the release of BDNF has received a great deal of
attention. In fact, administration of IL-18, an inflammatory cytokine, into the

hippocampus will decrease the expression of BDNF ( Barrientos et al., 2004 ).

The role of BDNF and neurogenesis in depression has also been a focus of

attention in the animal literature on depression. The hypotheses that loss of
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BDNF and downstream diminution of brain growth manifests as depression
and conversely that increasing BDNF prevents depression have been
investigated. The findings suggest a more complex reality than represented

in the initial hypotheses.

Depressed animals and animals subjected to stress do exhibit low levels of
BDNF in the hippocampus. Animals subjected to stress also exhibit less

neurogenesis in the dentate gyrus of the hippocampus ( Lucassen et al.,

2011 ). BDNF induces the growth of dendrites from neurons so that they can

make new connections with other neurons ( Lucassen et al., 2011 ). While

BDNF is not necessary for neurogenesis, BDNF increases the survival of new

cells ( Sairanen et al., 2005 ). Consistent with the possibility that BDNF is

diminished in the hippocampus of depressed individuals, depressed

individuals have lower hippocampal volume ( Bremner et al., 2000 ;

Videbech and Ravnkilde, 2004 ). Moreover, placing BDNF into the

hippocampus ( Shirayama et al., 2002 ), or intracerebroventricular

administration of IGF-1, which increases BDNF levels ( Carro et al., 2000 ;

Cotman and Berchtold, 2002 ), exert antidepressant effects in animals (

Hoshaw et al., 2005 ).

Antidepressant drugs do increase neurogenesis in the dentate gyrus of the

hippocampus ( Santarelli et al., 2003 ), although this may be limited to adult

males ( Hodes et al., 2009 ). Research asking whether the efficacy of

antidepressant drugs requires an animal with the capacity for generating
new neurons in the dentate gyrus of the hippocampus has yielded

inconsistent findings. Irradiation of the subgenual zone of the dentate
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nucleus of the hippocampus, blocked the efficacy of antidepressants in

precluding the behavioral effects of stress in one rat strain ( Santarelli et al.,

2003 ). Consistent with this, Airan et al. (2007) found the irradiation of the

dentate gyrus precluded the efficacy of antidepressants both on behavioral
measures of depression and in increasing neuronal signaling output from the
dentate gyrus. However, subsequent work in another rat species did not find
that irradiation abrogated the efficacy of the antidepressant fluoxetine in
exerting an antidepressant effect nor did those animals displaying lower
levels of depressed behavior exhibit increased neurogenesis in the dentate

gyrus ( Holick et al., 2008 ). Moreover, some drugs (for example antagonists

to melanin concentrating hormone) decrease depressed behavior without

influencing neurogenesis ( Sahay and Hen, 2007 ).

Others have looked at whether growth factors are required for

antidepressant efficacy. Monteggia et al. (2004) examined the efficacy of

antidepressants in blocking the emergence of depressed behavior after
exposure to stress. Without an intact gene for expressing BDNF,
antidepressants exhibited no efficacy in abrogating the impact of chronic

stress ( Monteggia et al., 2004 ).

Nestler’'s group has identified the mechanism through which stress alters the
expression of BDNF and the mechanism through which antidepressants
increase the expression of BDNF. When an animal is subjected to a stressor
such as uncontrollable foot-shock or restraint stress, the BDNF gene is
harder to express. Two methyl groups are added to the histone 3 at lysine 27

in the promoter region of the gene for BDNF making it difficult to express the
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BDNF. Antidepressants do not reverse the effects of chronic stress on the
BDNF gene; rather, they affect BDNF expression through another
mechanism. Nestler has shown that antidepressants decrease the expression
of histone deacetylase 5 (HDACS5) in the hippocampus in stressed mice.
Histone deacetylases remove acetyl groups from promoter sites so that a
gene is less likely to be used to transcribe mRNA for producing a protein (

Tsankova et al., 2006 ; Krishnan and Nestler, 2008 ). With a lesser amount of

a particular HDACS5 present in the hippocampus, the expression of BDNF is

increased ( Tsankova et al., 2006 ). However, the story on HDACS5 is

complex. Mice with global reductions in HDACS5 are more vulnerable to social
defeat and the impact of antidepressants on HDACS levels is region specific.
Contrary to decreasing HDAC5 expression in the hippocampus, imipramine

will increase HDACS5 expression in the Nucleus Accumbens ( Tsankova et al.,

2006 ; Krishnan and Nestler, 2008 ).

At least in some species, antidepressant drug efficacy seems to require
growth factors and the capacity for neurogenesis. The previous findings raise
the possibility that a lack of BDNF or a lack of neurogenesis in the
hippocampus might cause depression. Researchers have investigated this
hypothesis. To investigate these questions researchers have used

conditional knock outs. Using a conditional knock outs, researchers can
control the timing for the loss of the capacity to express a particular protein.
Through the use of conditional knock outs, researchers know they are

looking at the impact of the loss of functional presence of the protein product
of the gene rather than the impact of the loss of the protein during

development.
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Monteqgaqia et al. (2007) created a conditional knock out mouse for BDNF.

Male BDNF knock outs were more hyperactive. Female BDNF knockouts
displayed deficits on a forced swim task considered to be a measure of
depression and deficit sucrose preference, a measure of anhedonia. Thus, in
the Monteggia et al. study, loss of BDNF in increasing depressive behavior is
dependent upon gender. Consistent with Monteggia et al.’s male knockouts,

lto et al. (2011) found that their conditional knockout of BDNF in the

hippocampus, displayed increased levels of aggression toward conspecifics
and did not differ from controls on the forced swim test, a commonly used
measure of depression. Thus, the conditional knock out studies fail to
support the hypothesis that loss of BDNF in male animals results in

behavioral manifestations of depression.

Other researchers have investigated whether blocking neurogenesis induces
depression. Irradiating the hippocampus to block neurogenesis does not
increase the animals level of depression as evidence by longer latency to

feed in a novel situation or immobility on a forced swim test ( Santarelli et

al., 2003 ; Airan et al., 2007 ), nor does blocking neurogenesis in the

hippocampus increase the animal’s level of distress as evidenced by failure

to groom after uncontrollable stress ( Santarelli et al., 2003 ).

While impaired capacity of cell proliferation in the hippocampus seems to be
ruled out as a cause of depression at least under baseline conditions,

problems with cell division elsewhere in the brain might play a causal role in
producing behavioral depression. Pharmacological destruction of astrocytes

cells in the prefrontal cortex (PFC) will induce depressed behavior in an
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animal. A similar reduction of astrocytes in the PFC occurs in animals
exposed to uncontrollable stress. Astrocyte cell death and behavioral signs of
depression co-occur whether the astrocyte cell death results from exposure
to uncontrollable stress or to a drug which is specifically toxic to astrocyte

cells ( Banasr and Duman, 2007 ). Astrocytes do influence neurons. They are

a major source of neurotrophins in brain which seems to be induced by

dopamine ( Miklic et al., 2004 ). Moreover, the loss of glial cells (both

oligodendrocytes and astrocytes) in the subgenual region of the anterior
cingulate, the dorsolateral PFC, the supragenual cingulate cortex, and the
orbitofrontal cortex, has emerged as marker for major depression ( Ongur et

al., 1998 ; Rajkowska and Miguel-Hidalgo, 2007 ).

Location of BDNF expression determines the impact on behavior

Placing BDNF into the hippocampus of an animal will exert an antidepressant
effect on a forced swim test and on escape deficit following exposure to

inescapable shock ( Shirayama et al., 2002 ). However, an opposite pattern

is found in the Nucleus Accumbens. High levels of expression of BDNF in the
Nucleus Accumbens released from neurons projecting from the Ventral

Tegmental Area will result in depressed behavior ( Eisch et al., 2003 ). In

terms of the function of BDNF in the Nucleus Accumbens, Nestler and

Carlezon (2006) postulate that expression of BDNF in the Nucleus

Accumbens is required for learning connections between external stimuli and
negative or positive valences. Thus, the impact of BDNF on ameliorating

depressive behaviors is brain area specific.
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Summary

Thus far, it has been argued that inflammation in the brain is sufficient to
create behavioral depression. Investigators have attempted to identify
causal mechanisms through which inflammatory cytokines in brain result in
depressed behavior. Diminished neurogenesis and/or reductions in growth
factors such as BDNF were raised as possible mediating factors of
inflammatory cytokines. Inflammation in brain does suppress neurogenesis
and the expression of BDNF in the hippocampus. However, given that
blocking neurogenesis in the hippocampus or preventing the expression of
BDNF fails to create depression, suggests that lack of capacity for
neurogenesis in the hippocampus is not sufficient to cause depressed
behavior. However, the possibility that inflammation creates depression by

blocking cell division in astrocytes in the PFC remains a possibility.

The Health-Promoting Pathway

As previously discussed, when microglia are activated along an inflammatory
pathway, depression is observed. In addition to activation along an
inflammatory pathway, microglia can also become activated along several

other pathways as well ( Michelucci et al., 2009 ; Derecki et al., 2011 ).

Microglia can assume a form of activation through which they maintain the

health of neurons ( Butovsky et al., 2006 ; Schwartz and Ziv, 2008b ; Ekdahl

et al., 2009 ; Kosloski et al., 2010 ). When in the growth promoting mode,

microglia release Insulin-like growth factor-1 (IGF-1; Butovsky et al., 2005 ;

Ekdahl et al., 2009 ; Kosloski et al., 2010 ; Schwartz and Shechter, 2010a ;

Ron-Harel et al., 2011 ). IGF-1 slows inflammation and decreases production

of inflammatory cytokines ( Pons and Torres-Aleman, 2000 ; Venters et al.,
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2001 ; Park et al., 2011 ). In addition to being anti-inflammatory, IGF-1 will

induce neurons to release BDNF ( Carro et al., 2000 ; Cotman and Berchtold,

2002 ).

Activation of microglia along the inflammatory pathway versus the growth
promoting pathway are mutually inhibitory. TNF-a, an inflammatory cytokine,

is inversely correlated the release of IGF-1 from microglia ( Butovsky et al.,

2006 ; Schwartz and Shechter, 2010b ). IGF-1 can decrease NF-kB

transcriptional activity in astrocytes and in TNF-a exposed cells ( Pons and

Torres-Aleman, 2000 ). If exogenous IGF-1 is injected into the lateral

ventricle along with LPS, then there is less transcription of the genes
associated with an array of inflammatory factors including TNF-a, IL-13, and

inducible nitric oxide synthase (iNOS; Park et al., 2011 ). Dantzer et al.

(1999) concomitantly, administered LPS and IGF-1 into the
intracerebroventricular area. The IGF-1 administration prevented the
emergence of sickness behavior, viz., immobility and reduced exploration of
a novel environment that otherwise occurs with LPS administration ( Dantzer

etal., 1999).

Keeping microglia in a health-promoting state is important. Neurons and
astrocytes release factors such as fractalkine and Jagged 1 to keep microglia

in @ quiescent state ( Sestan et al., 1999 ; Elyaman et al., 2007 ; Michelucci

et al., 2009 ) and fractalkine will downregulate microglia production of IL-1

in response to LPS ( Mizuno et al., 2003 ; Wynne et al., 2010 ). However,

researchers have also focused on the role of T cells in maintain brain health.
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The interaction between T cells and the microglia

Schwartz and Ziv have focused on the role that T cells play in determining

the behavior of microglia. Schwartz and Ziv (2008a) have proposed that self-

reactive T cells with receptors (TCRs) targeted toward central nervous
system (CNS) proteins are continually playing a surveillance role. When
activated in pro-neurogenesis pathways, they maintain the health of the
CNS. T cells, probably by influencing microglia, are vital to the brain’s repair
after stroke, for precluding a reduction in levels of BDNF following a
psychological stressor, for avoiding symptoms of post traumatic stress
disorder (PTSD) after psychological stress, for spatial learning, for

neurogenesis stimulated by exercise ( Cohen et al., 2006 ; Ziv et al., 2006 ;

Ziv and Schwartz, 2008a , b ; Schwartz and Shechter, 2010a ) and for

capacity to detoxify reactive alpha-oxoaldehydes ( Ron-Harel et al., 2011 ). T

cells are recruited subsequent to activity and/or stress ( Schwartz et al.,

2009 ) to the choroid plexus, the meninges, and the Virchow-Robin spaces
from which they are able to influence the function of the microglia ( Schwartz

and Ziv, 2008b ; Derecki et al., 2010 ; Schwartz and Shechter, 2010a, b).

The presence of T cells is required for the efficacy of environmental
manipulations, such as an enriched environment, to increase the number of

microglia releasing IGF-1 in the hippocampus ( Ziv et al., 2006 ; Ziv and

Schwartz, 2008a , b ; Schwartz and Shechter, 2010a, b ). T cells must also

be present to witness an increase in IGF-1 in brain given physical activity (

Schwartz and Shechter, 2010a ).

Support for the importance of T cells in maintaining brain health comes from

studies in which all T cells or T cells with TCRs specific for myelin basic
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protein have been eliminated. Mice that are genetically engineered to lack T
cells display severe inability to learn. Replenishing T cells from normal mice
into mice which lack T cells can restore the ability to learn and reverse

memory deficits ( Yirmiya and Goshen, 2011 ). The importance of T cells has

also been demonstrated for the capacity for resilience in the face of stress.
Given a stressor such as a predator odor, the expression of ICAM-1 on
endothelial cells lining blood vessels in the hippocampus and epithelial cells
in the choroid plexus increases to facilitate and guide the migration of T

cells, specific for brain proteins, into the brain ( Lewitus et al., 2008 ). When

this fails to occur because T cells specific for brain protein have been
depleted, more behavioral signs of distress are observed subsequent to

stressor exposure ( Cohen et al., 2006 ).

Support for the importance of T cells specific to brain proteins also comes

from vaccination studies. Lewitus et al. (2008 , 2009 ) vaccinated animals

with a protein found in the CNS, myelin basic protein, but which had been
altered to make the myelin basic protein less likely to induce a strong
inflammatory response. Then the animals were subjected to stressful
conditions, which had been previously shown to induce depressive behavior
as well as decreasing the level of BDNF in the hippocampus. After exposure
to the stressful conditions, the animals that had been vaccinated failed to
display decreased sucrose preference, a measure of anhedonia. Moreover,
the level of BDNF in the hippocampus remained at control levels. Consistent
with higher levels of BDNF, the immunized animals exhibited more

neurogenesis in the hippocampus.
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Which type of T cell?

In the Immunology literature, the identification of the various paths along

which T cells can be differentiated has been a vigorous area of investigation.
Five major types of T cells have been identified: Thl, T follicular helper cells,
Th2, Th1l7, and Tregs. Two types are germane here: Th2, which release IL-4,

IL-3 and IL-13, and Tregs ( Mimran and Cohen, 2005 ; Murphy, 2012 ).

In the literature on the importance of T cells for the health of the CNS, the
topic of which type of T cells exert a salubrious effect has not been a major
focus of attention. However, given the various roles that cells of the immune
system can play in the brain raises the issue of which particular cytokines
and which particular type of T cells promote brain health. Yirmiya and

Goshen, commenting on research by Derecki and others ( Derecki et al.,

2010 ; Yirmiya and Goshen, 2011 ) noted that T cells present in meninges

secreting IL-4 were important for the capacity for learning. Presumably,
these cells were Th2 differentiated a non-inflammatory pathway. Butovsky et

al. (2006) showed that IL-4 induced microglia to release IGF-1.

Some studies have asked about the impact of Tregs in influencing brain
inflammation. Findings on the impact of Tregs have been puzzling ( Walsh

and Kipnis, 2011 ). Kipnis et al. (2002) found that Tregs, in the choroid

plexus and meninges of the brain, dampen the activity of other T cells so
that less repair after injury occurs. When Tregs are depleted, the animal
exhibits stronger recovery after crush injury of the optic nerve. Ziv et al.
(2007) also found that for promoting neurogenesis in brain after stroke,

downregulating Tregs improves outcome. Moreover, subsequent work (
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Cohen et al., 2006 ) showed that depleting an animal of all Tregs while

maintaining T cells specific for myelin basic protein precluded signs of
distress following exposure to the odor of a predator. In some strains, the T
effector cells and Tregs seem to cancel each other’s protective effects (

Kipnis et al., 2004 ).

There are other studies that suggest a salubrious role for T cells in promoting

brain health. Reynolds et al. (2007 , 2009a , b ) have shown that co-culturing

microglia with Tregs will attenuate reactive oxidative species (ROS) and NF-
KB transcriptional activity subsequent to antigen exposure. Employing
vaccination as a mechanism for increasing a T regulatory response has also
been shown to yield neuroprotection. Researchers have vaccinated animals
with vasoactive intestinal peptide. Vasoactive intestinal peptide elicits the
differentiation of T cells into Tregs. Subsequently the animals were exposed
to 1-methyll-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP), a chemical which
will cause degeneration of neurons in the substantia nigra, creating
symptoms of Parkinson’s disease. The animals that had been vaccinated
showed resistance to the development of Parkinson’s disease ( Kosloski et

al., 2010 ; Reynolds et al., 2010).

Whereas the previous studies, examined the impact of Tregs, other studies
have focused on identifying cytokines that exert a neuroprotective effect. IL-
10, a primary cytokine released by Tregs and microglia, blocks neuronal

apoptosis after injury ( Zhou et al., 2009 ). Interferon-y (IFN-y) and TGF-

also exert an influence of microglia which drives neuroprotection ( Kipnis et

al., 2004 ). Warner-Schmidt et al. (2011) argue that IFN-y exerts an
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antidepressant effect by increasing levels of pl1, a protein involved in
trafficking serotonin receptors to the cell membrane. Thus, Warner-Schmidt
et al. posited a role for IFN-y beyond influencing further inflammation. Given
the inconsistencies in impact across cytokines, it is important to replicate
findings in various species to determine whether findings are species

specific.

What can be stated with confidence?

The mechanisms through which leukocytes play a role in maintaining the
health of the CNS is an area of intense research having implications for
degenerative diseases as well as mood disorders. The interaction between T
effector cells, Tregs, microglia, and neurons requires more elucidation with
recognition that findings may not generalize across species or across strains

within a species ( Walsh and Kipnis, 2011 ). The research on whether Tregs

are beneficial or not has been particularly inconsistent. How Tregs impact
brain inflammation may depend upon which cells the Tregs are influencing.
Future work may further identify which types of T cells and which cytokines
foster brain health versus inflammatory responses. However, in the human
literature, Tregs are prominently featured in work on the Hygiene

Hypothesis.

The hygiene hypothesis

The hygiene hypothesis attempts to explain why persons in the third world
have much lower rates of disorders associated with inflammatory conditions:
Parkinson’s disease, depression, anxiety disorders, asthma, and
inflammatory bowel disease. According to the hygiene hypothesis, persons in
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the third world are exposed to more pathogens, such as helminthes
(parasitic worms) and pathogens found in human feces, such as M. vaccae .
These particular pathogens are good at eliciting the differentiation of T cells

into Tregs ( Rook and Lowry, 2008 , 2009 ; Raison et al., 2010c ). (As

previously discussed, Tregs will dampen inflammation.) Downregulating
inflammation systemically, will preclude inflammatory cytokines in brain,

thereby decreasing depression and anxiety.

There are studies on how early life exposure to pathogens impacts resilience
or vulnerability to stress. Consistent with the idea that early life exposure to

pathogens is protective, Bilbo et al. (2008) found that early life exposure to

E. coli protected mice from stress. As adults, when the mice were exposed to
uncontrollable shock, they displayed less diminution of social exploration and
less elevation in cortisol during the stressor. Contrary to the finding that
early life exposure to E. coli promotes resistance to stress, exposure to
particular bacteria for example, type A2/Singapore influenza, may increase

risk for later depression ( Bale et al., 2010 ). So does early life exposure to

infection promote resilience or vulnerability to stress? A testable hypothesis
asserts that when a pathogen elicits Tregs, the pathogen promotes
resilience; whereas when the pathogen fails to provoke Tregs, exposure
promotes vulnerability. As findings accumulate identifying pathogens which
are powerful in eliciting Tregs, some of the discrepancies in the literature

may be resolved.

Lowry has focused on those particular neuronal circuits that are activated

when a T regulatory response occurs. Subsequent to eliciting T regulatory
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response through vaccination with attenuated M. vaccae, serotonergic

neurons in the interfascicular dorsal raphe were activated ( Lowry et al.,

2007 ). This resulted in a faster latency to swim on the forced swim test, a
laboratory measure of resilience to depression. Inoculation with bacteria that
failed to elicit a T regulatory response did not have this effect. Elsewhere,

Hale and Lowry (2011) have differentiated the various serotonergic circuits

in the raphe. Some of these serotonergic neurons (in the caudal, dorsal
raphe) are involved in creating anxiety and learned helplessness ( Maier et

al., 2006 ). The interfascicular dorsal raphe neurons project to the medial

PFC and are part of a feedback loop that will downregulate the caudal dorsal
raphe serotonergic neurons to decrease learned helplessness. In terms of a

mechanism for the antidepressant effect of vaccination with M. vaccae, the
M. vaccae activate Tregs which activate the interfascicular dorsal raphe

neurons that suppress the anxiogenic/depressogenic circuitry ( Lowry et al.,

2007, 2008 ). Lowry et al.’s research is important because it raises the

possibility that Tregs not only confer resilience to stress by countering
depressogenic inflammatory activation, but also may confer resistance
through a direct impact on neuronal function. Lowry’s research suggests that
Treg cytokines can induce activity in interfascicular dorsal raphe neurons.

The interfascicular dorsal raphe neurons inhibit learned helpless behaviors.

Summary

The case has been advanced that depression reflects an inflammatory state
in the brain. An inflammatory state in the brain can be induced by
inflammatory cytokines in the periphery or by psychological stressors. While
some have focused on how brain inflammation results in manifestations of
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depression, others have examined resilience. Microglia are the source of
inflammatory cytokines, associated with depressive behaviors, as well as the
source of IGF-1, associated with resilience. Events downstream of microglia
behavior have been investigated. Researchers have attempted to identify
which consequences of inflammatory cytokines result in depressive
behaviors. Inflammatory cytokines do decrease the expression of growth
factors (e. g., BDNF), which in turn impact neurogenesis. However, findings
fail to support the view that a simple lack of BDNF or an incapacity for
neurogenesis in the hippocampus redounds in depression. Moreover, the
impact of BDNF varies according to the structure in the brain under
observations. Attempts to link cytokine levels in brain to a particular
neurotransmitter’s function to explain depressive behaviors or resilience
have been made. Lowry’s work implied Treg anti-inflammatory cytokines
influence particular serotonergic neurons to yield stress resilience. In fact,

cytokines impact other neurotransmitter systems as well ( Pace et al., 2012

). Thus, how cytokines impact neurotransmitters awaits further elucidation.
The work on how microglia can protect the brain and confer behavioral
resilience to stress has focused on identifying determinants of microglia
behavior, that is whether the microglia release inflammatory cytokines or
IGF-1. Questions regarding which particular cytokines, emanating from
specific T cell types, are most impactful in inducing the microglia to be in a
health and resilience promoting state have been asked. Studies examining
the role of Tregs has yielded some contradictory findings. The future

promises a more articulated story on how the behavior of microglia, which is
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influenced by specific types of T cells and the particular cytokines they

release, can result in depressive behavior or behavioral resilience.

Although the research does not yet offer an articulated mechanism for the
ways in which inflammation mediates depressive mood and behaviors and
conversely how healthy microglia confer resilience, it does appear that
systemic inflammation is an influential link in the causal chain of depression.
This, in turn, suggests that we would be well advised to consider a variety of
ways to reduce systemic inflammation. The ways in which antidepressants

impact the immune system are now considered.

Impact of Antidepressant Drugs on Inflammation

Antidepressant drugs have become the standard treatment for people
suffering from depression, often being used even when the patient is
receiving psychological treatment. Given that inflammation is involved in
depression, possibly causally, it is useful to examine the effects of
antidepressant drugs on inflammatory state, and also on whether the drugs
can counteract conditions leading to inflammation. Most of the studies that
have been done on short term influences of the drugs, in both animals and
people. However, it has become fairly standard for patients to remain on
antidepressants for years at a time. Given that these drugs have deleterious
side effects, it would be important to continue using them only as long as
they are effective. Therefore we examine the effects of antidepressants on
inflammation in two sections: one on short term use, and a separate one to
see what can be discerned from studies of people who have taken

antidepressants for years.
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Short Term Studies

In the human literature, the efficacy of antidepressants has been challenged

( Kirsch, 2010 ). However, there is support for efficacy in the animal

literature. One causal factor in systemic inflammation is stress. Studies have
examined whether antidepressants can abrogate the impact of stress. When
animals are subjected to uncontrollable stress, the extent of their distress
can be gaged by the reduction in their preference for sucrose consumption.
Also, they will fail to escape from an aversive stimulus. It turns out that both
of these stress responses can be abrogated by antidepressant treatment (

Bessa et al., 2009 ). Another way to produce stress in animals is to put them

in @ novel environment. After exposure to a novel environment, stress is
manifested on a number of measures. Treatment with antidepressants will
decrease immobility in a forced swim test, will increase exploration in a
novel environment, and will preclude the decrement in food consumption

produced by a novel environment ( Dulawa et al., 2004 ).

Questions about how selective serotonin reuptake inhibitors (SSRIs) achieve
their efficacy have been raised. Maes and colleagues, using human subjects,
have shown that if SSRIs are mixed with whole blood outside of the body, the
production of anti-inflammatory cytokines is increased while the production

of proinflammatory cytokines is decreased ( Maes et al., 1999 ; Kubera et al.,

2001a ). Obuchowicz et al. (2006) also showed in cultured glial cells taken

from animals, antidepressants will dampen the release of inflammatory
cytokines in response to LPS. In other studies, patients who were treated
with antidepressants for a short period of time have undergone blood draws
and then cytokines have been measured. Those persons taking
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antidepressants for 5-8 weeks do exhibit lower levels of IL-6 levels in plasma

( Sluzewska et al., 1995 ; Basterzi et al., 2005 ); lower TNF-a levels (

Lanquillon et al., 2000 ; Tuglu et al., 2003 ); lower levels of monocytes and

neutrophils in plasma ( Seidel et al., 1996 ; Tuglu et al., 2003 ); higher levels

of IL-10 ( Kubera et al., 2001b ); and higher levels of Tregs ( Himmerich et

al., 2010 ). Moreover, when whole blood from persons taking antidepressants

for 6 weeks are tested in response to a mitogen stimulus, the ratio of

IFN-y/IL-10 is lower ( Maes et al., 1999 ; Kubera et al., 2001a ). Thus, the

case can be made that antidepressants, taken for several weeks, exert anti-
inflammatory effects as seen by specific changes cytokines, and thus offer a
likely explanation for the initial positive effects ascribed to antidepressant

drug use.

Long-Term Studies

There have been studies examining the long-term impact of antidepressants
on systemic inflammation. Many of these studies have examined the impact
of antidepressants on phenomena that are associated with increased
systemic inflammation: diminished heart rate variability, weight gain,
metabolic syndrome, type Il diabetes, and atherosclerosis. These studies as
well as the studies examining the impact of long-term antidepressant use on

the inflammatory marker of CRP are reviewed.

C-Reactive protein

C-Reactive protein is an acute phase protein released by the liver in
response to IL-6. It is considered to be a marker for systemic inflammation (

Blake and Ridker, 2002 ; Pearson et al., 2003 ). Dawood et al. (2007) noted
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that treatment with an SSRI for 12 weeks significantly increased high

sensitivity CRP. This finding was consistent with Hamer et al.’s (2011)

findings from two data sets. In a data set of 4, 584 research-participants
from the Whitehall studies of British civil servants, long-term use (10 years)
of an antidepressant was associated with higher CRP after controlling for
psychological distress. In a large sample of 8, 131 Scottish research-
participants from another data set, an association was noted between higher
CRP levels and treatment with tricyclic antidepressants (TCAs) although no
association was noted for those treated with SSRIs. The duration of
medication use and dosage were not reported in the Scottish sample.
However, Hamer et al. noted that in the Whitehall study antidepressant use
at only one data point was not associated with CRP elevations. Thus, short

exposure to antidepressants probably is insufficient to raise CRP levels.

Heart rate variability

Both the sympathetic and parasympathetic nervous systems innervate
lymph nodes, as well as the heart. In terms of innervation of the heart, more
parasympathetic control over the heart rate is manifested as greater heart

rate variability ( Porges, 2007 , 2009 ). Greater heart rate variability is

considered to reflect better coordination between breathing and heart
function. Moreover, decreased heart rate variability is a predictor of heart

attacks and cardiovascular disease ( Hayano et al., 1990, 1996 ). In terms of

innervation of lymph nodes, acetylcholine from the post ganglion neuron of
the parasympathetic nervous system will inhibit release of TNF-a, IL-1, IL-6,
and IL-18 from macrophages. In the liver, greater vagal tone will inhibit NF-

KB activation and thus the release of acute phase proteins ( Pavlov and
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Tracey, 2005 ; Rosas-Ballina and Tracey, 2009 ). Thus, increasing vagal tone

can be expected to decrease systemic inflammation.

Several meta-analyses and studies of non-medically ill patients treated with
tricyclics for short periods of 6-16 weeks, have noted a decrease in heart

rate variability ( Tulen et al., 1996 ; van Zyl et al., 2008 ; Kemp et al., 2010 ).

Results for SSRIs taken over a short period of time have been inconsistent

with several small N studies noting a decrease in heart rate variability (

Dawood et al., 2007 ) and others finding no impact ( Davidson et al., 2005 ;

van Zyl et al., 2008 : Kemp et al., 2010).

The question of whether treatment with antidepressants makes long-term
outcomes less favorable requires investigation of how antidepressants
impact HRV when taken for over a year. In contrast to studies assessing

short term impact of treatment, a study by Licht et al. (2008) examined the

impact of antidepressants on persons with either remitted or current
depression who were followed for 8 years. Two measures of heart rate
variability were employed in the study: standard deviation of normal-to-
normal (SDNN) beats and respiratory sinus arrhythmias (RSA). The study
included 67 persons taking TCAs, 435 persons taking SSRIs, and 137 taking
other antidepressants. There were 1, 018 persons who were depressed or
had been depressed but were not taking medications. The study also
included 524 controls who had never been depressed. Thus, there was a
control group of persons who were never depressed as well as persons who
had been or were currently depressed broken down according to medication

status. The results were that those taking medications exhibited lower heart
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rate variability when compared to never-depressed controls (for SDNN, d =
0. 207-0. 849; for RSA, d = 0. 413-0. 862 across various medications).
Comparing those remitted depressed not on medication or still depressed
not taking medication did not differ from controls on SDNN beats and did not
differ as greatly from controls on RSA ( d = 0. 118). Licht et al. noted a dose-
response relationship between antidepressants and reduced HRV. Licht et al.
concluded that the association between lowered HRV and depression (p.

1358) “ appears to be mainly driven by the effect of antidepressants.”

Weight gain

Obesity is considered to be an inflammatory state. Adipocytes are capable of
releasing IL-6 and TNF-a. It is estimated that 30% of the IL-6 in circulation
derives from adipose tissue. Moreover, omental fat tissue (fat around the
abdomen) is populated by activated macrophages releasing IL-6 ( Mohamed-

Ali et al., 1997 ; Hamer, 2007 ). Even in normal weight individuals, omental

fat can be inflammatory ( Shelton and Miller, 2010 ). Weight reduction can be

expected to decrease systemic inflammation.

A meta-analysis of the impact of antidepressants on weight gain suggested a
strong effect for the TCAs and an effect for some SSRIs (paroxetine) in
studies examining long-term exposure to antidepressants (over 6 months;

Serretti and Mandelli, 2010 ). The meta-analysis was consistent with an early

review by Fava (2000) and a review by Deshmukh and Franco (2003) which

concluded that TCAs and paroxetine were particularly likely to be associated

with weight gain. A study by Kivimaki et al. (2010) found a correlation

between duration of treatment with antidepressants, both TCAs and SSRIs,
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and greater weight gain. Moreover, a study of persons treated with
antidepressants for panic disorder for a year, noted significant weight gain
for all of the SSRIs (citalopram, fluoxetine, fluvoxamine, and paroxetine)

used in the study ( Dannon et al., 2007 ).

Metabolic syndrome

As noted above, weight around the abdomen is inflammatory. Weight around
the abdomen is a component of metabolic syndrome. In a cross-sectional,

large N study (25, 315 subjects), Raeder et al. (2006) found an association

between abdominal obesity, general obesity, higher cholesterol levels
(components of the metabolic syndrome), and the use of SSRIs after
controlling for symptoms of anxiety and depression. Associations were
particularly pronounced among persons in their 40s who were taking
paroxetine and were absent in those taking citalopram. The authors did not
have data on duration of exposure, however, they remarked that they

expected metabolic syndrome to take some time to develop.

Diabetes

Inflammatory cytokines create insulin resistance. Type Il diabetes,

characterized by insulin resistance, is an inflammatory disease ( Dandona et

al., 2011 ). Thus, an increase in type Il diabetes might be considered a proxy

for an increase in systemic inflammation.

In a case-controlled study, persons who were all depressed at entry into the
study were followed for 2. 8 years. Of those entering the study, 2, 243

persons developed diabetes during the follow-up period. Those who
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developed diabetes were matched on age, gender, and time in the study
with 8, 963 comparison subjects, who had not developed diabetes. A
comparison of long-term antidepressant users versus short term users
yielded no difference on their initial severity of depression. However, those
developing diabetes were more likely to have been treated with
antidepressants at moderate to high doses for over 2 years prior to the onset
of diabetes. The increased risks obtained for amitriptyline, fluvoxamine,

paroxetine, and venlafaxine ( Andersohn et al., 2009 ).

Several other large-sample-size-studies have yielded findings consistent with
the hypothesis that long duration of exposure antidepressants increase the
risk of Type Il diabetes. In a prospective study of 9, 197 participants followed
for 4. 8 years, treatment duration of over 6 months of an antidepressants
(both the TCAs and the SSRIs), doubled the risk of Type Il diabetes. Duration
of exposure to the antidepressant was associated with elevated risk for

diabetes in both those with mild and moderate depression ( Kivimaki et al.,

2010 ). In a third large N study (3, 234 persons with risk factors for diabetes),

with a follow-up of 10 years, Rubin et al. (2010) also found that continuous

use of antidepressant use increased the probability of developing diabetes.
In those treated with metformin, antidepressant use did not increase the risk

of diabetes development. The previously discussed study by Raeder et al.

(2006) also found that paroxetine was associated with higher rates of

diabetes.
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Atherosclerosis

There is an association between major depression and heart disease (

Frasure-Smith and Lespérance, 2006 ). Atherosclerosis, like depression, is an

inflammatory disease and inflammation contributes to the calcification of the

aorta ( Kritharides et al., 2000 ). In a study of heart patients after controlling

for depressive symptoms, antidepressant use was found to be associated

with greater aorta calcification ( Shah, 2011 ).

Long-Term Effects of Antidepressants: A Mechanism for
Creating a Chronic Course

Previous sections have advanced the case for depression as an inflammatory
condition, with strong evidence for the conclusion that inflammation is an
important link in the cause of depression. The evidence in this section points
to the conclusion that short term use of current antidepressant medications
reduces inflammation, and ameliorates depression. But additional data
strongly suggest that the positive effects are reversed with prolonged use.
That is, it is not merely the case that antidepressant medications appear to
lose their efficacy with prolonged use, but rather, they promote reverse

effects, increasing inflammation.

Contrasting data on the probability and frequency of depressive relapses

prior to the advent of pharmacological treatments to the era after, Fava and

Offidani (2011) along with an earlier paper by Fava (2003) raised the

possibility that antidepressants create a chronic course in major depression.

Littrell (1994) also contrasted the duration of wellness intervals between

episodes of depression in persons before and after the advent of modern
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medications and also noted that antidepressants shorten the duration of

wellness intervals. Fava and Offidani (2011) considered various possible

explanations for the mechanism through which antidepressants contribute to
chronicity of depression including tolerance, lowering the brain’s threshold
for mood fluctuations, and withdrawal phenomenon from antidepressants.
Another possibility is that antidepressants, when taken for over a period of 6
months, increase systemic inflammation such that depression becomes
chronic. Evidence suggests that when taken over years, antidepressants
increase systemic inflammation. Although increased inflammation fails to
obtain for particular classes of antidepressants (SSRIs versus TCAs) on some
measures, both classes of drug have been associated with inflammation on
at least one index. Thus, there is evidence of increased inflammation for

both classes of antidepressants.

The previously reviewed literature suggests that sustained exposure to
antidepressants for over a year is associated with more systemic
inflammation. The mechanisms through which long-term use antidepressants
might increase systemic inflammation have not been investigated.
Identifying these mechanisms is important for future research. The other
lesson emerging from this literature is that evaluating drugs employing the
usual 8 weeks of assessment customary in drug trials is not sufficient for
determining the efficacy of pharmacological interventions. When the
assumption is that an individual will be exposed to a chemical over an

extended period, years rather than weeks are required.
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Way forward

Research implicates inflammation as a proximal causal factor in producing
depressive symptoms. At present, psychological treatments for depression
such as interpersonal therapy and Cognitive Behavior Therapy have not been
evaluated for their impact on inflammation. In evaluating interventions,
psychologists may wish to include measures of inflammation, such as CRP,
as dependent measures. If psychological interventions decrease systemic
inflammation, then there would be evidence that psychological treatments
not only decrease levels of depression through a direct pathway but also

through the indirect pathway of impact on systemic inflammation.

Systemic inflammation does contribute to depression. Over the long run,
antidepressants contribute to inflammation. If antidepressants either lose
efficacy or contribute to inflammation in the long run, other mechanisms for
decreasing inflammation must be relied upon for treating depression. The
range of strategies for improving mood is broadened by this research.

Consumption of omega-3 fatty acids ( Kiecolt-Glaser, 2010 ), adherence to a

Mediterranean diet ( Dai et al., 2008 ; Sanchez-Villegas et al., 2009 ), and

consumption of curcumin ( Aggarwal, 2011 ) lower inflammation and lower

the risk for depression. In animal work, curcumin has been shown to exert
antidepressant effects of similar magnitude to antidepressant drugs ( Wang

et al., 2008 ). Interventions such as exercise ( Hamer, 2007 ), yoga (

Bernardi et al., 2001 ; Kiecolt-Glaser et al., 2010 ), meditation ( Pace et al.

2009 ) have been shown to dampen inflammation. Meditation ( Pace et al.

2009 ), exercise ( Greenwood and Fleshner, 2008 , 2011 ), and consumption

of omega-3s ( Kiecolt-Glaser et al., 2011 ) have been demonstrated to confer
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resilience to stress. Psychologists have a long tradition in strengthening
behavioral compliance and have the skills for assisting individuals in
adhering to life style changes. The recognition that depression is an
inflammatory disease ushers in a wealth of new possibilities for treating and

preventing mood disorders.

Conflict of Interest Statement

The author declares that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Acknowledgments

Preparation of this article was unfunded.

References
Aggarwal, B. B. (2011). Targeting inflammation-induced obesity and

metabolic diseases by curcumin and other nutraceuticals. Annu. Rev. Nutr.

30, 173-199.

Airan, R. D., Meltzer, L. A., Roy, M., Gong, Y., Chen, H., and Deisseroth, K.
(2007). High-speed imaging reveals neurophysiological links to behavior in

an animal model of depression. Science 317, 819-823.

Amori, L., Wu, H. Q., Marinozzi, M., Pellicciari, R., Guidetti, P., and Schwarcz,
R. (2009). Specific inhibition of kynurenate synthesis enhances extracellular

dopamine levels in the rodent striatum. Neuroscience 159, 196-203.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 47

Andersohn, F., Schade, R., Suissa, S., and Garbe, E. (2009). Long-term use of
antidepressants for depressive disorders and the risk of diabetes mellitus.

Am. J. Psychiatry 166, 591-598.

Arakawa, H., Blandino, P. Jr., and Deak, T. (2009). Central infusion of
interleukin-1 receptor antagonist blocks the reduction in social behavior

produced by prior stressor exposure. Physiol. Behav. 98, 139-146.

Avitsur, R., Powell, N., Padgett, D. A., and Sheridan, J. F. (2009). Social
interactions, stress, and immunity. Immunol. Allergy Clin. North Am. 29, 285-

293.

Bale, T. L., Baram, T. Z., Brown, A. S., Goldstein, J. M., Insel, T. R., McCarthy,
M. M., Nemeroff, C. B., Reyes, T. M., Simerly, R. B., Susser, E. S., and Nestler,
E. J. (2010). Early programming and neurodevelopmental disorders. Biol.

Psychiatry 68, 314-319.

Banasr, M., and Duman, R. S. (2007). Regulation of neurogenesis and
gliogenesis by stress and antidepressant treatment. CNS Neurol. Disord.

Drug Targets 6, 311-320.

Barrientos, R. M., Sprunger, D. B., Campeau, S., Watkins, L. R., Rudy, J. W.,
and Maier, S. F. (2004). BDNF mRNA expression in rat hippocampus following
contextual learning is blocked by intrahippocampal IL-1beta administration.

J. Neuroimmunol. 155, 119-126.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 48

Basterzi, A. D., Aydemir, C., Kisa, C., Aksaray, S., Tuzer, V., Yazici, K., and
Goka, E. (2005). IL-6 levels decrease with SSRI treatment in patients with

major depression. Hum. Psychopharmacol. 20, 473-476.

Bell, C., Abrams, J., and Nutt, D. (2001). Tryptophan depletion and its

implications for psychiatry. Br. J. Psychiatry 178, 399-405.

Bernardi, L., Sleight, P., Bandinelli, G., Cencetti, S., Fattorini, L., Wdowczyc-
Szulc, J., and Lagi, A. (2001). Effect of rosary prayer and yoga mantras on

autonomic cardiovascular rhythms: comparative study. BM/ 323, 1446-1449.

Bessa, J. M., Mesquita, A. R., Oliveira, M., Pego, J. M., Cerqueira, J. J., Palha, J.
A., Almeida, O. F., and Sousa, N. (2009). A trans-dimensional approach to the
behavioral aspects of depression. Front. Behav. Neurosci. 3: 1. doi: 10.

3389/neuro. 08. 001. 2009

Bierhaus, A., Wolf, J., Andrassy, M., Rohleder, N., Humpert, P. M., Petrov, D.,
Ferstl, R., Von Eynatten, M., Wendt, T., Rudofsky, G., Joswig, M., Morcos, M.,
Schwaninger, M., McEwen, B., Kirschbaum, C., and Nawroth, P. P. (2003). A
mechanism converting psychosocial stress into mononuclear cell activation.

Proc. Natl. Acad. Sci. U. S. A. 100, 1920-1925.

Bilbo, S. D., Yirmiya, R., Amat, J., Paul, E. D., Watkins, L. R., and Maier, S. F.
(2008). Bacterial infection early in life protects against stressor-induced
depressive-like symptoms in adult rats. Psychoneuroendocrinology 33, 261-

269.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 49

Blake, G. J., and Ridker, P. M. (2002). Inflammatory bio-markers and

cardiovascular risk prediction. /. Intern. Med. 252, 283-294.

Blandino, P. Jr., Barnum, C. J., and Deak, T. (2006). The involvement of
norepinephrine and microglia in hypothalamic and splenic IL-1beta

responses to stress. J. Neuroimmunol. 173, 87-95.

Blume, J., Douglas, S. D., and Evans, D. L. (2011). Immune suppression and

immune activation in depression. Brain Behav. Immun. 25, 221-229.

Bluthe, R. M., Beaudu, C., Kelley, K. W., and Dantzer, R. (1995). Differential
effects of IL-1ra on sickness behavior and weight loss induced by IL-1 in rats.

Brain Res. 677, 171-176.

Bluthe, R. M., Castanon, N., Pousset, F., Bristow, A., Ball, C., Lestage, J.,
Michaud, B., Kelley, K. W., and Dantzer, R. (1999). Central injection of IL-10
antagonizes the behavioural effects of lipopolysaccharide in rats.

Psychoneuroendocrinolog 24, 301-311.

Borowski, T., Kokkinidis, L., Merali, Z., and Anisman, H. (1998).
Lipopolysaccharide, central in vivo biogenic amine variations, and

anhedonia. Neuroreport 9, 3797-3802.

Bremner, J. D., Narayan, M., Anderson, E. R., Staib, L. H., Miller, H. L., and
Charney, D. S. (2000). Hippocampal volume reduction in major depression.

Am. J. Psychiatry 157, 115-118.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 50

Brydon, L., Harrison, N. A., Walker, C., Steptoe, A., and Critchley, H. D.
(2008). Peripheral inflammation is associated with altered substantia nigra

activity and psychomotor slowing in humans. Biol. Psychiatry 63, 1022-1029.

Bull, S. J., Huezo-Diaz, P., Binder, E. B., Cubells, J. F., Ranjith, G., Maddock, C.,
Miyazaki, C., Alexander, N., Hotopf, M., Cleare, A. J., Norris, S., Cassidy, E.,
Aitchison, K. J., Miller, A. H., and Pariante, C. M. (2009). Functional
polymorphisms in the interleukin-6 and serotonin transporter genes, and
depression and fatigue induced by interferon-alpha and ribavirin treatment.

Mol. Psychiatry 14, 1095-1104.

Buske-Kirschbaum, A., Kern, S., Ebrecht, M., and Hellhammer, D. H. (2007).
Altered distribution of leukocyte subsets and cytokine production in response
to acute psychosocial stress in patients with psoriasis vulgaris. Brain Behav.

Immun. 21, 92-99.

Butovsky, O., Talpalar, A. E., Ben-Yaakov, K., and Schwartz, M. (2005).
Activation of microglia by aggregated beta-amyloid or lipopolysaccharide
impairs MHC-II expression and renders them cytotoxic whereas IFN-gamma

and IL-4 render them protective. Mol. Cell. Neurosci. 29, 381-393.

Butovsky, O., Ziv, Y., Schwartz, A., Landa, G., Talpalar, A. E., Pluchino, S.,
Martino, G., and Schwartz, M. (2006). Microglia activated by IL-4 or IFN-
gamma differentially induce neurogenesis and oligodendrogenesis from adult

stem/progenitor cells. Mol. Cell. Neurosci. 31, 149-160.

Capuron, L., Fornwalt, F. B., Knight, B. T., Harvey, P. D., Ninan, P. T., and

Miller, A. H. (2009). Does cytokine-induced depression differ from idiopathic

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 51

major depression in medically healthy individuals? J. Affect. Disord. 119, 181-

185.

Capuron, L., and Miller, A. H. (2011). Immune system to brain signaling:

neuropsychopharmacological implications. Pharmacol. Ther. 130, 226-238.

Capuron, L., Pagnoni, G., Demetrashvili, M., Woolwine, B. J., Nemeroff, C. B.,
Berns, G. S., and Miller, A. H. (2005). Anterior cingulate activation and error

processing during interferon-alpha treatment. Biol. Psychiatry 58, 190-196.

Capuron, L., Su, S., Miller, A. H., Bremner, J. D., Goldberg, J., Vogt, G. |J.,
Maisano, C., Jones, L., Murrah, N. V., and Vaccarino, V. (2008). Depressive
symptoms and metabolic syndrome: is inflammation the underlying link?

Biol. Psychiatry 64, 896-900.

Carro, E., Nunez, A., Busiguina, S., and Torres-Aleman, I. (2000). Circulating
insulin-like growth factor | mediates effects of exercise on the brain. J.

Neurosci. 20, 2926-2933.

Cohen, H., Ziv, Y., Cardon, M., Kaplan, Z., Matar, M. A., Gidron, Y., Schwartz,
M., and Kipnis, J. (2006). Maladaptation to mental stress mitigated by the
adaptive immune system via depletion of naturally occurring regulatory

CD4+CD25+ cells. J. Neurobiol. 66, 552-563.

Cohen, S. (2005). Keynote presentation at the eight international congress of
behavioral medicine: the Pittsburgh common cold studies: psychosocial
predictors of susceptibility to respiratory infectious iliness. Int. J. Behav. Med.

12, 123-131.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 52

Cole, S. W., Hawkley, L. C., Arevalo, J. M., and Cacioppo, J. T. (2011).
Transcript origin analysis identifies antigen-presenting cells as primary
targets of socially regulated gene expression in leukocytes. Proc. Natl. Acad.

Sci. U. S. A. 108, 3080-3085.

Cole, S. W., Hawkley, L. C., Arevalo, J. M., Sung, C. Y., Rose, R. M., and
Cacioppo, J. T. (2007). Social regulation of gene expression in human

leukocytes. Genome Biol. 8, R189.

Costanzo, E. S., Lutgendorf, S. K., Kohut, M. L., Nisly, N., Rozeboom, K.,
Spooner, S., Benda, J., and McElhaney, J. E. (2004). Mood and cytokine
response to influenza virus in older adults. J. Gerontol. A Biol. Sci. Med. Sci.

59, 1328-1333.

Cotman, C. W., and Berchtold, N. C. (2002). Exercise: a behavioral
intervention to enhance brain health and plasticity. Trends Neurosci. 25,

295-301.

Dai, J., Miller, A. H., Bremner, J. D., Goldberg, J., Jones, L., Shallenberger, L.,
Buckham, R., Murrah, N. V., Veledar, E., Wilson, P. W., and Vaccarino, V.
(2008). Adherence to the Mediterranean diet is inversely associated with
circulating interleukin-6 among middle-aged men: a twin study. Circulation

117, 169-175.

Dalbeth, N., Yeoman, S., Dockerty, J. L., Highton, J., Robinson, E., Tan, P. L.,
Herman, D., and McQueen, F. M. (2004). A randomised placebo controlled
trial of delipidated, deglycolipidated Mycobacterium vaccae as

immunotherapy for psoriatic arthritis. Ann. Rheum. Dis. 63, 718-722.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 53

Dandona, P., Ghanim, H., Chaudhuri, A., Dhindsa, S., and Makdissi, A. (2011).
“ Pathogenesis of insulin resistance, the metabolic syndrome, and
inflammation: an issue of modern lifestyle,” in Inflammation, Lifestyle, and
Chronic Disease: The Silent Link , eds B. B. Aggarwal, S. Krishnan, and S.

Guha (Boca Raton, FL: CRC Press), 327-344.

Dannon, P. N., lancu, I., Lowengrub, K., Gonopolsky, Y., Musin, E., Grunhaus,
L., and Kotler, M. (2007). A naturalistic long-term comparison study of
selective serotonin reuptake inhibitors in the treatment of panic disorder.

Clin. Neuropharmacol. 30, 326-334.

Dantzer, R. (2001). Cytokine-induced sickness behavior: where do we stand?

Brain Behav. Immun. 15, 7-24.

Dantzer, R. (2004). Cytokine-induced sickness behaviour: a neuroimmune

response to activation of innate immunity. Eur. /. Pharmacol. 500, 399-411.

Dantzer, R., Bluthe, R. M., Castanon, N., Kelly, K. W., Konsman, J. P., and
Laye, S. (2007). “ Cytokines, sickness behavior, and depression,” in
Psychoneuroimmunology , 4th Edn, ed. R. Ader (New York: Elsevier), 281-

318.

Dantzer, R., Gheusi, G., Johnson, R. W., and Kelley, K. W. (1999). Central
administration of insulin-like growth factor-1 inhibits lipopolysaccharide-

induced sickness behavior in mice. Neuroreport 10, 289-292.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 54

Dantzer, R., Konsman, J. P., Bluthe, R. M., and Kelley, K. W. (2000). Neural
and humoral pathways of communication from the immune system to the

brain: parallel or convergent? Auton. Neurosci. 85, 60-65.

Dantzer, R., O’'Connor, J. C., Lawson, M. A., and Kelley, K. W. (2011).
Inflammation-associated depression: from serotonin to kynurenine.

Psychoneuroendocrinology 36, 426-436.

Davidson, J., Watkins, L., Owens, M., Krulewicz, S., Connor, K., Carpenter, D.,
Krishnan, R., and Nemeroff, C. (2005). Effects of paroxetine and venlafaxine
XR on heart rate variability in depression. J. Clin. Psychopharmacol. 25, 480-

484.

Dawood, T., Lambert, E. A., Barton, D. A., Laude, D., Elghozi, J. L., Esler, M.
D., Haikerwal, D., Kaye, D. M., Hotchkin, E. J., and Lambert, G. W. (2007).
Specific serotonin reuptake inhibition in major depressive disorder adversely

affects novel markers of cardiac risk. Hypertens. Res. 30, 285-293.

Derecki, N. C., Cardani, A. N., Yang, C. H., Quinnies, K. M., Crihfield, A.,
Lynch, K. R., and Kipnis, J. (2010). Regulation of learning and memory by

meningeal immunity: a key role for IL-4. /. Exp. Med. 207, 1067-1080.

Derecki, N. C., Quinnies, K. M., and Kipnis, J. (2011). Alternatively activated
myeloid (M2) cells enhance cognitive function in immune compromised mice.

Brain Behav. Immun. 25, 379-385.

Deshmukh, R., and Franco, K. (2003). Managing weight gain as a side effect

of antidepressant therapy. Cleve. Clin. J. Med. 70, 614, 616, 618, passim.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 55

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K., and
Lanctot, K. L. (2010). A meta-analysis of cytokines in major depression. Biol.

Psychiatry 67, 446-457.

Dulawa, S. C., Holick, K. A., Gundersen, B., and Hen, R. (2004). Effects of
chronic fluoxetine in animal models of anxiety and depression.

Neuropsychopharmacology 29, 1321-1330.

Eisch, A. J., Bolanos, C. A., De Wit, J., Simonak, R. D., Pudiak, C. M., Barrot,
M., Verhaagen, J., and Nestler, E. J. (2003). Brain-derived neurotrophic factor
in the ventral midbrain-nucleus accumbens pathway: a role in depression.

Biol. Psychiatry 54, 994-1005.

Eisenberger, N. I., Berkman, E. T., Inagaki, T. K., Rameson, L. T., Mashal, N.
M., and Irwin, M. R. (2011). Inflammation-induced anhedonia: endotoxin

reduces ventral striatum responses to reward. Biol. Psychiatry 68, 748-754.

Ek, M., Kurosawa, M., Lundeberg, T., and Ericsson, A. (1998). Activation of
vagal afferents after intravenous injection of interleukin-1beta: role of

endogenous prostaglandins. J. Neurosci. 18, 9471-94709.

Ekdahl, C. T., Kokaia, Z., and Lindvall, O. (2009). Brain inflammation and
adult neurogenesis: the dual role of microglia. Neuroscience 158, 1021-

1029.

Elyaman, W., Bradshaw, E. M., Wang, Y., Oukka, M., Kivisakk, P., Chiba, S.,

Yagita, H., and Khoury, S. J. (2007). JAGGED1 and deltal differentially

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 56

regulate the outcome of experimental autoimmune encephalomyelitis. /.

Immunol. 179, 5990-5998.

Engler, H., Doenlen, R., Engler, A., Riether, C., Prager, G., Niemi, M. B.,
Pacheco-Lopez, G., Krugel, U., and Schedlowski, M. (2011). Acute amygdaloid

response to systemic inflammation. Brain Behav. Immun. 25, 1384-1392.

Fava, G. A. (2003). Can long-term treatment with antidepressant drugs

worsen the course of depression? J. Clin. Psychiatry 64, 123-133.

Fava, G. A., and Offidani, E. (2011). The mechanisms of tolerance in
antidepressant action. Prog. Neuropsychopharmacol. Biol. Psychiatry 36,

1593-1602.

Fava, M. (2000). Weight gain and antidepressants. J. Clin. Psychiatry

61(Suppl. 11), 37-41.

Frasure-Smith, N., and Lespérance, F. (2006). Recent evidence linking

coronary heart disease and depression. Can. J. Psychiatry 51, 730-737.

Fredericks, C. A., Drabant, E. M., Edge, M. D., Tillie, J. M., Hallmayer, |J.,
Ramel, W., Kuo, J. R., Mackey, S., Gross, J. J., and Dhabhar, F. S. (2010).
Healthy young women with serotonin transporter SS polymorphism show a
pro-inflammatory bias under resting and stress conditions. Brain Behav.

Immun. 24, 350-357.

Freier, E., Weber, C. S., Nowottne, U., Horn, C., Bartels, K., Meyer, S.,
Hildebrandt, Y., Luetkens, T., Cao, Y., Pabst, C., Muzzulini, J., Schnee, B.,

Brunner-Weinzierl, M. C., Marangolo, M., Bokemeyer, C., Deter, H. C., and

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 57

Atanackovic, D. (2010). Decrease of CD4(+)FOXP3(+) T regulatory cells in
the peripheral blood of human subjects undergoing a mental stressor.

Psychoneuroendocrinology 35, 663-673.

Frenois, F., Moreau, M., O’Connor, J., Lawson, M., Micon, C., Lestage, |.,
Kelley, K. W., Dantzer, R., and Castanon, N. (2007). Lipopolysaccharide
induces delayed FosB/DeltaFosB immunostaining within the mouse extended
amygdala, hippocampus and hypothalamus, that parallel the expression of

depressive-like behavior. Psychoneuroendocrinology 32, 516-531.

Gal, E. M., and Sherman, A. D. (1980). L -Kynurenine: its synthesis and

possible regulatory function in brain. Neurochem. Res. 5, 223-239.

Glaser, R., Pearl, D. K., Kiecolt-Glaser, J. K., and Malarkey, W. B. (1994).
Plasma cortisol levels and reactivation of latent Epstein-Barr virus in

response to examination stress. Psychoneuroendocrinology 19, 765-772.

Glaser, R., Sheridan, J., Malarkey, W. B., MacCallum, R. C., and Kiecolt-Glaser,
J. K. (2000). Chronic stress modulates the immune response to a

pneumococcal pneumonia vaccine. Psychosom. Med. 62, 804-807.

Goehler, L. E., Gaykema, R. P., Hansen, M. K., Anderson, K., Maier, S. F., and
Watkins, L. R. (2000). Vagal immune-to-brain communication: a visceral

chemosensory pathway. Auton. Neurosci. 85, 49-59.

Greenwood, B. N., and Fleshner, M. (2008). Exercise, learned helplessness,

and the stress-resistant brain. Neuromolecular Med. 10, 81-98.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 58

Greenwood, B. N., and Fleshner, M. (2011). Exercise, stress resistance, and

central serotonergic systems. Exerc. Sport Sci. Rev. 38, 140-149.

Hale, M. W., and Lowry, C. A. (2011). Functional topography of midbrain and
pontine serotonergic systems: implications for synaptic regulation of

serotonergqic circuits. Psychopharmacology (Berl.) 213, 243-264.

Hamer, M. (2007). The relative influences of fitness and fatness on

inflammatory factors. Prev. Med. 44, 3-11.

Hamer, M., Batty, G. D., Marmot, M. G., Singh-Manoux, A., and Kivimaki, M.
(2011). Anti-depressant medication use and C-reactive protein: results from

two population-based studies. Brain Behav. Immun. 25, 168-173.

Harrison, N. A., Brydon, L., Walker, C., Gray, M. A., Steptoe, A., and Critchley,
H. D. (2009). Inflammation causes mood changes through alterations in
subgenual cingulate activity and mesolimbic connectivity. Biol. Psychiatry

66, 407-414.

Hayano, J., Sakakibara, Y., Yamada, M., Ohte, N., Fujinami, T., Yokoyama, K.,
Watanabe, Y., and Takata, K. (1990). Decreased magnitude of heart rate
spectral components in coronary artery disease. Its relation to angiographic

severity. Circulation 81, 1217-1224.

Hayano, J., Yasuma, F., Okada, A., Mukai, S., and Fujinami, T. (1996).
Respiratory sinus arrhythmia. A phenomenon improving pulmonary gas

exchange and circulatory efficiency. Circulation 94, 842-847.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 59

Henry, C. )., Huang, Y., Wynne, A., Hanke, M., Himler, J., Bailey, M. T.,
Sheridan, J. F., and Godbout, J. P. (2008). Minocycline attenuates
lipopolysaccharide (LPS)-induced neuroinflammation, sickness behavior, and

anhedonia. J. Neuroinflammation 5, 15.

Himmerich, H., Milenovic, S., Fulda, S., Plumakers, B., Sheldrick, A. J., Michel,
T. M., Kircher, T., and Rink, L. (2010). Regulatory T cells increased while IL-
lbeta decreased during antidepressant therapy. J. Psychiatr. Res. 44, 1052-

1057.

Hodes, G. E., Yang, L., VanKooy, J., Santollo, J., and Shors, T. J. (2009). Prozac
during puberty: distinctive effects on neurogenesis as a function of age and

sex. Neuroscience 163, 609-617.

Holick, K. A., Lee, D. C., Hen, R., and Dulawa, S. C. (2008). Behavioral effects
of chronic fluoxetine in BALB/c) mice do not require adult hippocampal

neurogenesis or the serotonin 1A receptor. Neuropsychopharmacology 33,

406-417.

Hong, S., Nelesen, R. A., Krohn, P. L., Mills, P. J., and Dimsdale, J. E. (2006).
The association of social status and blood pressure with markers of vascular

inflammation. Psychosom. Med. 68, 517-523.

Hoshaw, B. A., Malberg, J. E., and Lucki, I. (2005). Central administration of
IGF-1 and BDNF leads to long-lasting antidepressant-like effects. Brain Res.

1037, 204-208.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 60

Howren, M. B., Lamkin, D. M., and Suls, J. (2009). Associations of depression
with C-reactive protein, IL-1, and IL-6: a meta-analysis. Psychosom. Med. 71,

171-186.

Huang, Y., Zaas, A. K., Rao, A., Dobigeon, N., Woolf, P. J., Veldman, T., Oien,
N. C., McClain, M. T., Varkey, J. B., Nicholson, B., Carin, L., Kingsmore, S.,
Woods, C. W., Ginsburg, G. S., and Hero, A. O. lll. (2011). Temporal dynamics
of host molecular responses differentiate symptomatic and asymptomatic
influenza a infection. PLoS Genet. 7, €1002234. doi: 10. 1371/journal. pgen.

1002234

Irwin, M. R., Wang, M., Campomayor, C. O., Collado-Hidalgo, A., and Cole, S.
(2006). Sleep deprivation and activation of morning levels of cellular and

genomic markers of inflammation. Arch. Intern. Med. 166, 1756-1762.

Ito, W., Chehab, M., Thakur, S., Li, J., and Morozov, A. (2011). BDNF-restricted
knockout mice as an animal model for aggression. Genes Brain Behav. 10,

265-374.

Johnson, B. A. lll, Baban, B., and Mellor, A. L. (2009). Targeting the
immunoregulatory indoleamine 2, 3 dioxygenase pathway in

immunotherapy. Immunotherapy 1, 645-661.

Johnson, J. D., O’'Connor, K. A., Watkins, L. R., and Maier, S. F. (2004). The
role of IL-1beta in stress-induced sensitization of proinflammatory cytokine

and corticosterone responses. Neuroscience 127, 569-577.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 61

Jun, T. Y., Pae, C. U., Hoon, H., Chae, J. H., Bahk, W. M., Kim, K. S., and
Serretti, A. (2003). Possible association between G308A tumour necrosis
factor-alpha gene polymorphism and major depressive disorder in the

Korean population. Psychiatr. Genet. 13, 179-181.

Kemp, A. H., Quintana, D. S., Gray, M. A., Felmingham, K. L., Brown, K., and
Gatt, J. M. (2010). Impact of depression and antidepressant treatment on
heart rate variability: a review and meta-analysis. Biol. Psychiatry 67, 1067-

1074.

Kiecolt-Glaser, J. K. (2010). Stress, food, and inflammation:
psychoneuroimmunology and nutrition at the cutting edge. Psychosom. Med.

72, 365-369.

Kiecolt-Glaser, J. K., Belury, M. A., Andridge, R., Malarkey, W. B., and Glaser,
R. (2011). Omega-3 supplementation lowers inflammation and anxiety in
medical students: a randomized controlled trial. Brain Behav. Immun. 25,

1725-1734.

Kiecolt-Glaser, ). K., Christian, L., Preston, H., Houts, C. R., Malarkey, W. B.,
Emery, C. F., and Glaser, R. (2010). Stress, inflammation, and yoga practice.

Psychosom. Med. 72, 113-121.

Kiecolt-Glaser, J. K., Glaser, R., Gravenstein, S., Malarkey, W. B., and
Sheridan, J. (1996). Chronic stress alters the immune response to influenza

virus vaccine in older adults. Proc. Natl. Acad. Sci. U. S. A. 93, 3043-3047.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 62

Kiecolt-Glaser, J. K., Marucha, P. T., Malarkey, W. B., Mercado, A. M., and
Glaser, R. (1995). Slowing of wound healing by psychological stress. Lancet

346, 1194-1196.

Kiecolt-Glaser, J. K., Preacher, K. J., MacCallum, R. C., Atkinson, C., Malarkey,
W. B., and Glaser, R. (2003). Chronic stress and age-related increases in the

proinflammatory cytokine IL-6. Proc. Natl. Acad. Sci. U. S. A. 100, 9090-9095.

Kinsey, S. G., Bailey, M. T., Sheridan, J. F., and Padgett, D. A. (2008). The
inflammatory response to social defeat is increased in older mice. Physiol.

Behav. 93, 628-636.

Kinsey, S. G., Bailey, M. T., Sheridan, J. F., Padgett, D. A., and Avitsur, R.
(2007). Repeated social defeat causes increased anxiety-like behavior and
alters splenocyte function in C57BL/6 and CD-1 mice. Brain Behav. Immun.

21, 458-466.

Kipnis, J., Avidan, H., Caspi, R. R., and Schwartz, M. (2004). Dual effect of
CD4+CD25+regulatory T cells in neurodegeneration: a dialogue with

microglia. Proc. Natl. Acad. Sci. U. S. A. 101(Suppl. 2), 14663-14669.

Kipnis, J., Mizrahi, T., Hauben, E., Shaked, I., Shevach, E., and Schwartz, M.
(2002). Neuroprotective autoimmunity: naturally occurring
CD4+CD25+regulatory T cells suppress the ability to withstand injury to the

central nervous system. Proc. Natl. Acad. Sci. U. S. A. 99, 15620-15625.

Kirsch, I. (2010). The Emperor’s New Drugs: Exploding the Antidepressant

Myth . New York: Basic Books.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 63

Kivimaki, M., Hamer, M., Batty, G. D., Geddes, J. R., Tabak, A. G., Pentti, J.,
Virtanen, M., and Vahtera, J. (2010). Antidepressant medication use, weight
gain, and risk of type 2 diabetes: a population-based study. Diabetes Care

33, 2611-2616.

Konsman, J. P., Kelley, K., and Dantzer, R. (1999). Temporal and spatial
relationships between lipopolysaccharide-induced expression of Fos,
interleukin-1beta and inducible nitric oxide synthase in rat brain.

Neuroscience 89, 535-548.

Konsman, J. P., Luheshi, G. N., Bluthe, R. M., and Dantzer, R. (2000). The
vagus nerve mediates behavioural depression, but not fever, in response to
peripheral immune signals; a functional anatomical analysis. Eur. J. Neurosci.

12, 4434-4446.

Konsman, J. P., Veeneman, J., Combe, C., Poole, S., Luheshi, G. N., and
Dantzer, R. (2008). Central nervous action of interleukin-1 mediates
activation of limbic structures and behavioural depression in response to
peripheral administration of bacterial lipopolysaccharide. Eur. J. Neurosci. 28,

2499-2510.

Koo, J. W., and Duman, R. S. (2008). IL-1beta is an essential mediator of the
antineurogenic and anhedonic effect of stress. Proc. Natl. Acad. Sci. U. S. A.

105, 751-756.

Koo, J. W., Russo, S. J., Ferguson, D., Nestler, E. J., and Duman, R. S. (2010).
Nuclear factor-kappaB is a critical mediator of stress-impaired neurogenesis

and depressive behavior. Proc. Natl. Acad. Sci. U. S. A. 107, 2669-2674.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 64

Kosloski, L. M., Ha, D. M., Hutter, J. A., Stone, D. K., Pichler, M. R., Reynolds,
A. D., Gendelman, H. E., and Mosley, R. L. (2010). Adaptive immune
regulation of glial homeostasis as an immunization strategy for

neurodegenerative diseases. J. Neurochem. 114, 1261-1276.

Krabbe, K. S., Reichenberg, A., Yirmiya, R., Smed, A., Pedersen, B. K., and
Bruunsgaard, H. (2005). Low-dose endotoxemia and human

neuropsychological functions. Brain Behav. Immun. 19, 453-460.

Krishnan, V., and Nestler, E. J. (2008). The molecular neurobiology of

depression. Nature 455, 894-902.

Kritharides, L., Adams, M. R., Celermajer, D. S., Kelly, D. T., and Dean, R. T.
(2000). “ Future: diagnosis and treatment of atheroslerosis,” in
Atherosclerosis: Gene Expression, Cell Interactions, and Oxidation , eds R. T.

Dean and D. T. Kelly (New York: Oxford University Press), 406-428.

Kubera, M., Lin, A. H., Kenis, G., Bosmans, E., Van Bockstaele, D., and Maes,
M. (2001a). Anti-Inflammatory effects of antidepressants through
suppression of the interferon-gamma/interleukin-10 production ratio. J. Clin.

Psychopharmacol. 21, 199-206.

Kubera, M., Maes, M., Holan, V., Basta-Kaim, A., Roman, A., and Shani, J.
(2001b). Prolonged desipramine treatment increases the production of
interleukin-10, an anti-inflammatory cytokine, in C57BL/6 mice subjected to

the chronic mild stress model of depression. J. Affect. Disord. 63, 171-178.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 65

Lanquillon, S., Krieg, J. C., Bening-Abu-Shach, U., and Vedder, H. (2000).
Cytokine production and treatment response in major depressive disorder.

Neuropsychopharmacology 22, 370-379.

Lasky-Su, J. A., Faraone, S. V., Glatt, S. J., and Tsuang, M. (2005). Meta-
analysis of the association between two polymorphisms in the serotonin
transporter gene and affective disorders. Am. J. Med. Genet. B

Neuropsychiatr. Genet. 133B, 110-115.

Lee, L. F., Lih, C. J., Huang, C. J., Cao, T., Cohen, S. N., and McDevitt, H. O.
(2008). Genomic expression profiling of TNF-alpha-treated BDC2. 5

diabetogenic CD4+ T cells. Proc. Natl. Acad. Sci. U. S. A. 105, 10107-10112.

Lewitus, G. M., Cohen, H., and Schwartz, M. (2008). Reducing post-traumatic

anxiety by immunization. Brain Behav. Immun. 22, 1108-1114.

Lewitus, G. M., Wilf-Yarkoni, A., Ziv, Y., Shabat-Simon, M., Gersner, R.,
Zangen, A., and Schwartz, M. (2009). Vaccination as a novel approach for

treating depressive behavior. Biol. Psychiatry 65, 283-288.

Li, Y., Xiao, B., Qiu, W., Yang, L., Hu, B., Tian, X., and Yang, H. (2011). Altered
expression of CD4(+)CD25(+) regulatory T cells and its 5-HT(1a) receptor in

patients with major depression disorder. J. Affect. Disord. 124, 68-75.

Licht, C. M., De Geus, E. J., Zitman, F. G., Hoogendijk, W. J., Van Dyck, R., and
Penninx, B. W. (2008). Association between major depressive disorder and
heart rate variability in the Netherlands Study of Depression and Anxiety

(NESDA). Arch. Gen. Psychiatry 65, 1358-1367.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 66

Littrell, J. (1994). The relationship between time since antidepressant
reuptake-blocker discontinuation and relapse. Exp. Clin. Psychopharmacol. 2,

82-94.

Lotrich, F. E., Ferrell, R. E., Rabinovitz, M., and Pollock, B. G. (2009). Risk for
depression during interferon-alpha treatment is affected by the serotonin

transporter polymorphism. Biol. Psychiatry 65, 344-348.

Lowry, C. A., Hale, M. W., Evans, A. K., Heerkens, J., Staub, D. R., Gasser, P.
J., and Shekhar, A. (2008). Serotonergic systems, anxiety, and affective
disorder: focus on the dorsomedial part of the dorsal raphe nucleus. Ann. N.

Y. Acad. Sci. 1148, 86-94.

Lowry, C. A., Hollis, J. H., De Vries, A., Pan, B., Brunet, L. R., Hunt, J. R., Paton,
J. F., Van Kampen, E., Knight, D. M., Evans, A. K., Rook, G. A., and Lightman,
S. L. (2007). Identification of an immune-responsive mesolimbocortical
serotonergic system: potential role in regulation of emotional behavior.

Neuroscience 146, 756-772.

Lucassen, P. J., Meerlo, P., Naylor, A. S., Van Dam, A. M., Dayer, A. G., Fuchs,
E., Oomen, C. A., and Czeh, B. (2011). Regulation of adult neurogenesis by
stress, sleep disruption, exercise and inflammation: Implications for
depression and antidepressant action. Eur. Neuropsychopharmacol. 20, 1-

17.

Maes, M., Song, C., Lin, A., De Jongh, R., Van Gastel, A., Kenis, G., Bosmans,
E., De Meester, I., Benoy, I., Neels, H., Demedts, P., Janca, A., Scharpe, S.,

and Smith, R. S. (1998). The effects of psychological stress on humans:

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 67

increased production of pro-inflammatory cytokines and a Thl-like response

in stress-induced anxiety. Cytokine 10, 313-318.

Maes, M., Song, C., Lin, A. H., Bonaccorso, S., Kenis, G., De Jongh, R.,
Bosmans, E., and Scharpe, S. (1999). Negative immunoregulatory effects of
antidepressants: inhibition of interferon-gamma and stimulation of

interleukin-10 secretion. Neuropsychopharmacology 20, 370-379.

Maier, S. F., Amat, J., Baratta, M. V., Paul, E., and Watkins, L. R. (2006).
Behavioral control, the medial prefrontal cortex, and resilience. Dialogues

Clin. Neurosci. 8, 397-406.

Maier, S. F., and Watkins, L. R. (1995). Intracerebroventricular interleukin-1
receptor antagonist blocks the enhancement of fear conditioning and
interference with escape produced by inescapable shock. Brain Res. 695,

279-282.

Maier, S. F., and Watkins, L. R. (1998). Cytokines for psychologists:
implications of bidirectional immune-to-brain communication for

understanding behavior, mood, and cognition. Psychol. Rev. 105, 83-107.

Maier, S. F., and Watkins, L. R. (2010). Role of the medial prefrontal cortex in

coping and resilience. Brain Res. 1355, 52-60.

Marucha, P. T., Kiecolt-Glaser, J. K., and Favagehi, M. (1998). Mucosal wound

healing is impaired by examination stress. Psychosom. Med. 60, 362-365.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 68

Merlot, E., Moze, E., Dantzer, R., and Neveu, P. J. (2004). Cytokine production
by spleen cells after social defeat in mice: activation of T cells and reduced

inhibition by glucocorticoids. Stress 7, 55-61.

Mesquita, A. R., Correia-Neves, M., Roque, S., Castro, A. G., Vieira, P.,
Pedrosa, J., Palha, J. A., and Sousa, N. (2008). IL-10 modulates depressive-like

behavior. J. Psychiatr. Res. 43, 89-97.

Michelucci, A., Heurtaux, T., Grandbarbe, L., Morga, E., and Heuschling, P.
(2009). Characterization of the microglial phenotype under specific pro-
inflammatory and anti-inflammatory conditions: effects of oligomeric and

fibrillar amyloid-beta. /. Neuroimmunol. 210, 3-12.

Miklic, S., Juric, D. M., and Carman-Krzan, M. (2004). Differences in the
regulation of BDNF and NGF synthesis in cultured neonatal rat astrocytes.

Int. J. Dev. Neurosci. 22, 119-130.

Miller, A. H. (2009). Norman Cousins Lecture. Mechanisms of cytokine-
induced behavioral changes: psychoneuroimmunology at the translational

interface. Brain Behav. Immun. 23, 149-158.

Miller, G. E., Chen, E., Sze, ., Marin, T., Arevalo, J. M., Doll, R., Ma, R., and
Cole, S. W. (2008). A functional genomic fingerprint of chronic stress in
humans: blunted glucocorticoid and increased NF-kappaB signaling. Biol.

Psychiatry 64, 266-272.

Mimran, A., and Cohen, I. R. (2005). Regulatory T cells in autoimmune

diseases: anti-ergotypic T cells. Int. Rev. Immunol. 24, 159-179.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 69

Mizuno, T., Kawanokuchi, J., Numata, K., and Suzumura, A. (2003).
Production and neuroprotective functions of fractalkine in the central

nervous system. Brain Res. 979, 65-70.

Mohamed-Ali, V., Goodrick, S., Rawesh, A., Katz, D. R., Miles, J. M., Yudkin, J.
S., Klein, S., and Coppack, S. W. (1997). Subcutaneous adipose tissue
releases interleukin-6, but not tumor necrosis factor-alpha, in vivo. /. Clin.

Endocrinol. Metab. 82, 4196-4200.

Molina-Holgado, E., and Molina-Holgado, F. (2010). Mending the broken
brain: neuroimmune interactions in neurogenesis. J. Neurochem. 114, 1277-

1290.

Monje, M. L., Toda, H., and Palmer, T. D. (2003). Inflammatory blockade

restores adult hippocampal neurogenesis. Science 302, 1760-1765.

Monteggia, L. M., Barrot, M., Powell, C. M., Berton, O., Galanis, V., Gemelli, T.,
Meuth, S., Nagy, A., Greene, R. W., and Nestler, E. J. (2004). Essential role of
brain-derived neurotrophic factor in adult hippocampal function. Proc. Natl.

Acad. Sci. U. S. A. 101, 10827-10832.

Monteggia, L. M., Luikart, B., Barrot, M., Theobold, D., Malkovska, I., Nef, S.,
Parada, L. F., and Nestler, E. ]J. (2007). Brain-derived neurotrophic factor
conditional knockouts show gender differences in depression-related

behaviors. Biol. Psychiatry 61, 187-197.

Muller, M. B., and Holsboer, F. (2006). Mice with mutations in the HPA-system

as models for symptoms of depression. Biol. Psychiatry 59, 1104-1115.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 70

Murphy, K. (2012). Janeway’s Immunobiology . New York, NY: Garland

Science.

Nadjar, A., Bluthe, R. M., May, M. J., Dantzer, R., and Parnet, P. (2005).
Inactivation of the cerebral NFkappaB pathway inhibits interleukin-1beta-
induced sickness behavior and c-Fos expression in various brain nuclei.

Neuropsychopharmacology 30, 1492-1499.

Nestler, E. J., and Carlezon, W. A. Jr. (2006). The mesolimbic dopamine

reward circuit in depression. Biol. Psychiatry 59, 1151-1159.

O’'Brien, M. E., Anderson, H., Kaukel, E., O’'Byrne, K., Pawlicki, M., Von Pawel,
J., and Reck, M. (2004). SRL172 (killed Mycobacterium vaccae ) in addition to
standard chemotherapy improves quality of life without affecting survival, in
patients with advanced non-small-cell lung cancer: phase Il results. Ann.

Oncol. 15, 906-914.

Obuchowicz, E., Kowalski, J., Labuzek, K., Krysiak, R., Pendzich, J., and
Herman, Z. S. (2006). Amitriptyline and nortriptyline inhibit interleukin-1
release by rat mixed glial and microglial cell cultures. Int. J.

Neuropsychopharmacol. 9, 27-35.

O’Connor, J. C., Lawson, M. A., Andre, C., Briley, E. M., Szegedi, S. S.,
Lestage, J., Castanon, N., Herkenham, M., Dantzer, R., and Kelley, K. W.
(2009a). Induction of IDO by bacille Calmette-Guréin is responsible for
development of murine depressive-like behavior. J. Immunol. 182, 3202-

3212.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 71

O’Connor, J. C., Lawson, M. A., Andre, C., Moreau, M., Lestage, J., Castanon,
N., Kelley, K. W., and Dantzer, R. (2009b). Lipopolysaccharide-induced
depressive-like behavior is mediated by indoleamine 2, 3-dioxygenase

activation in mice. Mol. Psychiatry 14, 511-522.

Ongur, D., Drevets, W. C., and Price, J. L. (1998). Glial reduction in the
subgenual prefrontal cortex in mood disorders. Proc. Natl. Acad. Sci. U. S. A.

95, 13290-13295.

Pace, T. W., Hu, F., and Miller, A. H. (2007). Cytokine-effects on
glucocorticoid receptor function: relevance to glucocorticoid resistance and
the pathophysiology and treatment of major depression. Brain Behav.

Immun. 21, 9-19.

Pace, T. W., and Miller, A. H. (2009). Cytokines and glucocorticoid receptor

signaling. Relevance to major depression. Ann. N. Y. Acad. Sci. 1179, 86-105.

Pace, T. W., Mletzko, T. C., Alagbe, O., Musselman, D. L., Nemeroff, C. B.,
Miller, A. H., and Heim, C. M. (2006). Increased stress-induced inflammatory
responses in male patients with major depression and increased early life

stress. Am. J. Psychiatry 163, 1630-1633.

Pace, T. W., Negi, L. T., Adame, D. D., Cole, S. P., Sivilli, T. I., Brown, T. D.,
and Raison, C. L. (2009). Effect of compassion meditation on neuroendocrine,
innate immune and behavioral responses to psychosocial stress.

Psychoneuroendocrinology 34, 87-98.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 72

Pace, T. W., Raison, C. L., and Miller, A. H. (2012). “ Implications of
inflammation for neuropsychiatric disease: contributions and consequences,”
in Inflammation, Lifestyle, and Chronic Disease: The Silent Link , eds B. B.

Aggarwal, S. Krishnan, and S. Guha (Boca Raton, FL: CRC Press), 247-298.

Pariante, C. M., Pearce, B. D., Pisell, T. L., Sanchez, C. I., Po, C., Su, C., and
Miller, A. H. (1999). The proinflammatory cytokine, interleukin-lalpha,
reduces glucocorticoid receptor translocation and function. Endocrinology

140, 4359-4366.

Park, S. E., Dantzer, R., Kelley, K. W., and McCusker, R. H. (2011). Central
administration of insulin-like growth factor-l decreases depressive-like

behavior and brain cytokine expression in mice. J. Neuroinflammation 8, 12.

Pavlov, V. A., and Tracey, K. J. (2005). The cholinergic anti-inflammatory

pathway. Brain Behav. Immun. 19, 493-499.

Pearson, T. A., Mensah, G. A., Alexander, R. W., Anderson, J. L., Cannon, R. O.
lll, Criqui, M., Fadl, Y. Y., Fortmann, S. P., Hong, Y., Myers, G. L., Rifai, N.,
Smith, S. C. Jr., Taubert, K., Tracy, R. P., and Vinicor, F. (2003). Markers of
inflammation and cardiovascular disease: application to clinical and public
health practice: a statement for healthcare professionals from the Centers
for Disease Control and Prevention and the American Heart Association.

Circulation 107, 499-511.

Perry, V. H., Newman, T. A., and Cunningham, C. (2003). The impact of
systemic infection on the progression of neurodegenerative disease. Nat.

Rev. Neurosci. 4, 103-112.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 73

Pons, S., and Torres-Aleman, I. (2000). Insulin-like growth factor-I stimulates
dephosphorylation of ikappa B through the serine phosphatase calcineurin

(protein phosphatase 2B). J. Biol. Chem. 275, 38620-38625.

Porges, S. W. (2007). The polyvagal perspective. Biol. Psychol. 74, 116-143.

Porges, S. W. (2009). The polyvagal theory: new insights into adaptive
reactions of the autonomic nervous system. Cleve. Clin. J. Med. 76(Suppl. 2),

S86-590.

Raeder, M. B., Bjelland, I., Emil Vollset, S., and Steen, V. M. (2006). Obesity,
dyslipidemia, and diabetes with selective serotonin reuptake inhibitors: the

Hordaland Health Study. J. Clin. Psychiatry 67, 1974-1982.

Raison, C. L., Borisov, A. S., Majer, M., Drake, D. F., Pagnoni, G., Woolwine, B.
J., Vogt, G. J., Massung, B., and Miller, A. H. (2009). Activation of central
nervous system inflammatory pathways by interferon-alpha: relationship to

monoamines and depression. Biol. Psychiatry 65, 296-303.

Raison, C. L., Borisov, A. S., Woolwine, B. J., Massung, B., Vogt, G., and Miller,
A. H. (2010a). Interferon-alpha effects on diurnal hypothalamic-pituitary-
adrenal axis activity: relationship with proinflammatory cytokines and

behavior. Mol. Psychiatry 15, 535-547.

Raison, C. L., Dantzer, R., Kelley, K. W., Lawson, M. A., Woolwine, B. J., Vogt,
G., Spivey, J. R., Saito, K., and Miller, A. H. (2010b). CSF concentrations of

brain tryptophan and kynurenines during immune stimulation with IFN-alpha:

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 74

relationship to CNS immune responses and depression. Mol. Psychiatry 15,

393-403.

Raison, C. L., Lowry, C. A., and Rook, G. A. (2010c). Inflammation, sanitation,
and consternation: loss of contact with coevolved, tolerogenic
microorganisms and the pathophysiology and treatment of major depression.

Arch. Gen. Psychiatry 67, 1211-1224.

Raison, C. L., Capuron, L., and Miller, A. H. (2006). Cytokines sing the blues:
inflammation and the pathogenesis of depression. Trends Immunol. 27, 24-

31.

Rajagopalan, S., Brook, R., Rubenfire, M., Pitt, E., Young, E., and Pitt, B.
(2001). Abnormal brachial artery flow-mediated vasodilation in young adults

with major depression. Am. J. Cardiol. 88, 196-198, A7.

Rajkowska, G., and Miguel-Hidalgo, J. J. (2007). Gliogenesis and glial

pathology in depression. CNS Neurol. Disord. Drug Targets 6, 219-233.

Ramachandruni, S., Handberg, E., and Sheps, D. S. (2004). Acute and chronic

psychological stress in coronary disease. Curr. Opin. Cardiol. 19, 494-499.

Reichenberg, A., Yirmiya, R., Schuld, A., Kraus, T., Haack, M., Morag, A., and
Pollmacher, T. (2001). Cytokine-associated emotional and cognitive

disturbances in humans. Arch. Gen. Psychiatry 58, 445-452.

Reynolds, A. D., Banerjee, R, Liu, J., Gendelman, H. E., and Mosley, R. L.
(2007). Neuroprotective activities of CD4+CD25+regulatory T cells in an

animal model of Parkinson’s disease. J. Leukoc. Biol. 82, 1083-1094.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 75

Reynolds, A. D., Stone, D. K., Hutter, J. A., Benner, E. J., Mosley, R. L., and
Gendelman, H. E. (2010). Regulatory T cells attenuate Th17 cell-mediated
nigrostriatal dopaminergic neurodegeneration in a model of Parkinson’s

disease. J. Immunol. 184, 2261-2271.

Reynolds, A. D., Stone, D. K., Mosley, R. L., and Gendelman, H. E. (2009a).
Nitrated {alpha}-synuclein-induced alterations in microglial immunity are

regulated by CD4+ T cell subsets. J. Immunol. 182, 4137-4149.

Reynolds, A. D., Stone, D. K., Mosley, R. L., and Gendelman, H. E. (2009b).
Proteomic studies of nitrated alpha-synuclein microglia regulation by

CD4+CD25+T cells. J. Proteome Res. 8, 3497-3511.

Ron-Harel, N., Cardon, M., and Schwartz, M. (2011). Brain homeostasis is
maintained by “ danger” signals stimulating a supportive immune response

within the brain’s borders. Brain Behav. Immun. 25, 1036-1043.

Rook, G. A., and Lowry, C. A. (2008). The hygiene hypothesis and psychiatric

disorders. Trends Immunol. 29, 150-158.

Rook, G. A., and Lowry, C. A. (2009). “ The hygiene hypothesis and affective
and anxiety disorders,” in The hygiene hypothesis and Darwinian Medicine ,

ed G. A. W. Rook (Berlin: Birkhauser) 189-220.

Rosas-Ballina, M., and Tracey, K. J. (2009). The neurology of the immune

system: neural reflexes regulate immunity. Neuron 64, 28-32.

Rubin, R. R., Ma, Y., Peyrot, M., Marrero, D. G., Price, D. W., Barrett-Connor,

E., and Knowler, W. C. (2010). Antidepressant medicine use and risk of

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 76

developing diabetes during the diabetes prevention program and diabetes

prevention program outcomes study. Diabetes Care 33, 2549-2551.

Sahay, A., and Hen, R. (2007). Adult hippocampal neurogenesis in

depression. Nat. Neurosci. 10, 1110-1115.

Sairanen, M., Lucas, G., Ernfors, P., Castren, M., and Castren, E. (2005).
Brain-derived neurotrophic factor and antidepressant drugs have different
but coordinated effects on neuronal turnover, proliferation, and survival in

the adult dentate gyrus. J. Neurosci. 25, 1089-1094.

Sanchez-Villegas, A., Delgado-Rodriguez, M., Alonso, A., Schlatter, .,
Lahortiga, F., Serra Majem, L., and Martinez-Gonzalez, M. A. (2009).
Association of the Mediterranean dietary pattern with the incidence of
depression: the Seguimiento Universidad de Navarra/University of Navarra

follow-up (SUN) cohort. Arch. Gen. Psychiatry 66, 1090-1098.

Santarelli, L., Saxe, M., Gross, C., Surget, A., Battaglia, F., Dulawa, S.,
Weisstaub, N., Lee, J., Duman, R., Arancio, O., Belzung, C., and Hen, R.
(2003). Requirement of hippocampal neurogenesis for the behavioral effects

of antidepressants. Science 301, 805-809.

Sapolsky, R. M. (1985). Glucocorticoid toxicity in the hippocampus: temporal

aspects of neuronal vulnerability. Brain Res. 359, 300-305.

Schiepers, 0. J., Wichers, M. C., and Maes, M. (2005). Cytokines and major

depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 201-217.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 77

Schwartz, M., London, A., and Shechter, R. (2009). Boosting T-cell immunity
as a therapeutic approach for neurodegenerative conditions: the role of

innate immunity. Neuroscience 158, 1133-1142.

Schwartz, M., and Shechter, R. (2010a). Protective autoimmunity functions
by intracranial immunosurveillance to support the mind: the missing link

between health and disease. Mol. Psychiatry 15, 342-354.

Schwartz, M., and Shechter, R. (2010b). Systemic inflammatory cells fight off

neurodegenerative disease. Nat. Rev. Neurol. 6, 405-410.

Schwartz, M., and Ziv, Y. (2008a). Immunity to self and self-maintenance: a

unified theory of brain pathologies. Trends Immunol. 29, 211-219.

Schwartz, M., and Ziv, Y. (2008b). Immunity to self and self-maintenance:
what can tumor immunology teach us about ALS and Alzheimer’s disease?

Trends Pharmacol. Sci. 29, 287-293.

Seidel, A., Arolt, V., Hunstiger, M., Rink, L., Behnisch, A., and Kirchner, H.
(1996). Major depressive disorder is associated with elevated monocyte

counts. Acta Psychiatr. Scand. 94, 198-204.

Serretti, A., and Mandelli, L. (2010). Antidepressants and body weight: a

comprehensive review and meta-analysis. J. Clin. Psychiatry 71, 1259-1272.

Sestan, N., Artavanis-Tsakonas, S., and Rakic, P. (1999). Contact-dependent
inhibition of cortical neurite growth mediated by notch signaling. Science

286, 741-746.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 78

Shah, A. (2011). Antidepressant use Linked to Thicker Arteries . Atlanta, GA:

Emory University.

Shelton, R. C., and Miller, A. H. (2010). Eating ourselves to death (and
despair): the contribution of adiposity and inflammation to depression. Prog.

Neurobiol. 91, 275-299.

Shelton, R. C., and Miller, A. H. (2011). Inflammation in depression: is

adiposity a cause? Dialogues Clin. Neurosci. 13, 41-53.

Shirayama, Y., Chen, A. C., Nakagawa, S., Russell, D. S., and Duman, R. S.
(2002). Brain-derived neurotrophic factor produces antidepressant effects in

behavioral models of depression. J. Neurosci. 22, 3251-3261.

Slavich, G. M., Way, B. M., Eisenberger, N. |., and Taylor, S. E. (2010). Neural
sensitivity to social rejection is associated with inflammatory responses to

social stress. Proc. Natl. Acad. Sci. U. S. A. 107, 14817-14822.

Sluzewska, A., Rybakowski, J. K., Laciak, M., Mackiewicz, A., Sobieska, M.,
and Wiktorowicz, K. (1995). Interleukin-6 serum levels in depressed patients
before and after treatment with fluoxetine. Ann. N. Y. Acad. Sci. 762, 474-

476.

Stamatovic, S. M., Shakui, P., Keep, R. F., Moore, B. B., Kunkel, S. L., Van
Rooijen, N., and Andjelkovic, A. V. (2005). Monocyte chemoattractant
protein-1 regulation of blood-brain barrier permeability. J. Cereb. Blood Flow

Metab. 25, 593-606.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 79

Steptoe, A., Kunz-Ebrecht, S., Owen, N., Feldman, P. J., Rumley, A., Lowe, G.
D., and Marmot, M. (2003). Influence of socioeconomic status and job control
on plasma fibrinogen responses to acute mental stress. Psychosom. Med. 65,

137-144.

Stone, E. A., Lehmann, M. L., Lin, Y., and Quartermain, D. (2007). Reduced
evoked fos expression in activity-related brain regions in animal models of
behavioral depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 31,

1196-1207.

Sublette, M. E., Galfalvy, H. C., Fuchs, D., Lapidus, M., Grunebaum, M. F.,
Oquendo, M. A., John Mann, J., and Postolache, T. T. (2011). Plasma
kynurenine levels are elevated in suicide attempters with major depressive

disorder. Brain Behav. Immun. 25, 1272-1278.

Traks, T., Koido, K., Eller, T., Maron, E., Kingo, K., Vasar, V., Vasar, E., and
Koks, S. (2008). Polymorphisms in the interleukin-10 gene cluster are
possibly involved in the increased risk for major depressive disorder. BMC

Med. Genet. 9, 111. doi: 10. 1186/1471-2350-9-111

Tsankova, N. M., Berton, O., Renthal, W., Kumar, A., Neve, R. L., and Nestler,
E. J. (2006). Sustained hippocampal chromatin regulation in a mouse model

of depression and antidepressant action. Nat. Neurosci. 9, 519-525.

Tuglu, C., Kara, S. H., Caliyurt, O., Vardar, E., and Abay, E. (2003). Increased
serum tumor necrosis factor-alpha levels and treatment response in major

depressive disorder. Psychopharmacology (Berl.) 170, 429-433.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 80

Tulen, J. H., Bruijn, J. A., De Man, K. J., Pepplinkhuizen, L., Van Den Meiracker,
A. H., and Man In't Veld, A. J. (1996). Cardiovascular variability in major
depressive disorder and effects of imipramine or mirtazapine (Org 3770). J.

Clin. Psychopharmacol. 16, 135-145.

Tynan, R. J., Naicker, S., Hinwood, M., Nalivaiko, E., Buller, K. M., Pow, D. V.,
Day, T. A., and Walker, F. R. (2010). Chronic stress alters the density and
morphology of microglia in a subset of stress-responsive brain regions. Brain

Behav. Immun. 24, 1058-1068.

Ulrich-Lai, Y. M., and Herman, J. P. (2009). Neural regulation of endocrine and

autonomic stress responses. Nat. Rev. Neurosci. 10, 397-4009.

van Zyl, L. T., Hasegawa, T., and Nagata, K. (2008). Effects of antidepressant
treatment on heart rate variability in major depression: a quantitative

review. Biopsychosoc. Med. 2, 12.

Venters, H. D., Broussard, S. R., Zhou, J. H., Bluthe, R. M., Freund, G. G,,
Johnson, R. W., Dantzer, R., and Kelley, K. W. (2001). Tumor necrosis
factor(alpha) and insulin-like growth factor-I in the brain: is the whole greater

than the sum of its parts? J. Neuroimmunol. 119, 151-165.

Videbech, P., and Ravnkilde, B. (2004). Hippocampal volume and depression:

a meta-analysis of mri studies. Am. J. Psychiatry 161, 1957-1966.

von Kanel, R., Dimsdale, J. E., Mills, P. J., Ancoli-Israel, S., Patterson, T. L.,

Mausbach, B. T., and Grant, I. (2006). Effect of Alzheimer caregiving stress

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 81

and age on frailty markers interleukin-6, C-reactive protein, and D-dimer. J.

Gerontol. A Biol. Sci. Med. Sci. 61, 963-969.

von Kanel, R., Mills, P. J., Fainman, C., and Dimsdale, J. E. (2001). Effects of
psychological stress and psychiatric disorders on blood coagulation and
fibrinolysis: a biobehavioral pathway to coronary artery disease? Psychosom.

Med. 63, 531-544.

Walsh, J. T., and Kipnis, J. (2011). Regulatory T cells in CNS injury: the simple,

the complex and the confused. Trends Mol. Med. 17, 541-547.

Wang, R., Xu, Y., Wu, H. L., Li, Y. B., Li, Y. H., Guo, J. B., and Li, X. J. (2008).
The antidepressant effects of curcumin in the forced swimming test involve

5-HT1 and 5-HT2 receptors. Eur. /. Pharmacol. 578, 43-50.

Warner-Schmidt, J. L., Vanover, K. E., Chen, E. Y., Marshall, J. J., and
Greengard, P. (2011). Antidepressant effects of selective serotonin reuptake
inhibitors (SSRIs) are attenuated by antiinflammatory drugs in mice and

humans. Proc. Natl. Acad. Sci. U. S. A. 108, 9262-9267.

Wolf, J. M., Rohleder, N., Bierhaus, A., Nawroth, P. P., and Kirschbaum, C.
(2009). Determinants of the NF-kappaB response to acute psychosocial

stress in humans. Brain Behav. Immun. 23, 742-749.

Wright, C. E., Strike, P. C., Brydon, L., and Steptoe, A. (2005). Acute
inflammation and negative mood: mediation by cytokine activation. Brain

Behav. Immun. 19, 345-350.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 82

Wynne, A. M., Henry, C. J., Huang, Y., Cleland, A., and Godbout, J. P. (2010).
Protracted downregulation of CX3CR1 on microglia of aged mice after

lipopolysaccharide challenge. Brain Behav. Immun. 24, 1190-1201.

Yirmiya, R., and Goshen, I. (2011). Immune modulation of learning, memory,

neural plasticity and neurogenesis. Brain Behav. Immun. 25, 181-213.

Yu, Y. W., Chen, T. J., Hong, C. J., Chen, H. M., and Tsai, S. J. (2003).
Association study of the interleukin-1 beta (C-511T) genetic polymorphism
with major depressive disorder, associated symptomatology, and

antidepressant response. Neuropsychopharmacology 28, 1182-1185.

Zhou, Z., Peng, X., Insolera, R., Fink, D. J., and Mata, M. (2009). Interleukin-
10 provides direct trophic support to neurons. J. Neurochem. 110, 1617-

1627.

Ziv, Y., Finkelstein, A., Geffen, Y., Kipnis, J., Smirnov, I., Shpilman, S., Vertkin,
l., Kimron, M., Lange, A., Hecht, T., Reyman, K. G., Marder, J. B., Schwartz,
M., and Yoles, E. (2007). A Novel immune-based therapy for stroke induces

neuroprotection and supports neurogenesis. Stroke 38, 774-782.

Ziv, Y., Ron, N., Butovsky, O., Landa, G., Sudai, E., Greenberg, N., Cohen, H.,
Kipnis, J., and Schwartz, M. (2006). Immune cells contribute to the
maintenance of neurogenesis and spatial learning abilities in adulthood. Nat.

Neurosci. 9, 268-275.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



Taking the perspective that a depressive... - Paper Example Page 83

Ziv, Y., and Schwartz, M. (2008a). Immune-based regulation of adult

neurogenesis: implications for learning and memory. Brain Behav. Immun.

22,167-176.

Ziv, Y., and Schwartz, M. (2008b). Orchestrating brain-cell renewal: the role
of immune cells in adult neurogenesis in health and disease. Trends Mol.

Med. 14, 471-478.

Zorrilla, E. P., Luborsky, L., Mckay, J. R., Rosenthal, R., Houldin, A., Tax, A.,
McCorkle, R., Seligman, D. A., and Schmidt, K. (2001). The relationship of
depression and stressors to immunological assays: a meta-analytic review.

Brain Behav. Immun. 15, 199-226.

https://assignbuster.com/taking-the-perspective-that-a-depressive-state-
reflects-inflammation-implications-for-the-use-of-antidepressants/



	Taking the perspective that a depressive state reflects inflammation: implication...
	Depressive Behaviors Involve Inflammation
	Investigating Causal Connections
	Manipulating psychological stress
	Manipulating peripheral inflammation
	Peripheral inflammation does impact the brain
	Forces that can restrain systemic inflammation

	Other Consistent Findings
	Inflammatory Cytokines May Explain Dexamethasone Non-Suppression
	Genetic Risk
	Questions Remain
	Stress and Suppression of Some Compartments of the Immune System

	The Importance of Cytokines in Brain Mediating Behavioral Changes
	The Inflammatory Pathway
	The indolamine 2, 3 dioxygenase connection
	The significance of neurogenesis and BDNF
	Location of BDNF expression determines the impact on behavior
	Summary

	The Health-Promoting Pathway
	The interaction between T cells and the microglia
	Which type of T cell?
	What can be stated with confidence?
	The hygiene hypothesis

	Summary

	Impact of Antidepressant Drugs on Inflammation
	Short Term Studies
	Long-Term Studies
	C-Reactive protein
	Heart rate variability
	Weight gain
	Metabolic syndrome
	Diabetes
	Atherosclerosis


	Long-Term Effects of Antidepressants: A Mechanism for Creating a Chronic Course
	Way forward

	Conflict of Interest Statement
	Acknowledgments
	References


