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Abstract

Bipolar disorder is a psychiatric condition associated with elevated frequency of clinical co-
morbidities and cognitive impairment. The neurobiology of bipolar disorder is not completely
understood. Recent evidence has implicated immune dysfunction in its physiopathology. Here, we
review several data supporting the presence of immunological dysfunction in bipolar disorder: (i)
increased frequency of autoimmune diseases; (ii) distinct immune cells profile; (iii) altered/
release of cytokines by stimulated mononuclear cells; (iv) elevated levels of circulating immune
markers; and (vi) inflammatory changes in the central nervous system. We also discussed the
interplay between immunological dysfunction and neuroprogression in bipolar disorder.
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Introduction

Bipolar disorder (BD) is now regarded as a multisystem condition compromising not only
affect or mood, but also cognitive, endocrine, autonomic, and sleep functions. BD patients
present a high incidence of several medical conditions including cardiovascular and
metabolic diseases (particularly diabetes mellitus and obesity), which are associated with a
reduced lifetime expectancy [1]. Moreover BD presents a progressive course characterized
by phenomenological changes, cognitive impairment and poor response to pharmacotherapy
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[2]. The basis for this clinical deterioration of BD, also called ‘neuroprogression’, seems to
be related to changes involving neurobiological mechanisms, including inflammatory and/or
immune dysfunction, enhanced oxidative stress, and neurotrophic support breakdown.
Indeed immunological changes occur in BD, and they have been pointed out as a relevant
player in the neurobiology of the disease.

Here, we provide a review of the immunological data on BD. We address the immune
findings in BD and their association with mood episodes. In addition, we discuss how this
immune dysfunction may be related with the neurobiology of BD, focusing on the
neuroprogression process.

Evidence of immune dysfunction and pro-inflammatory state in BD patients

Autoimmune diseases

The association of autoimmune diseases and auto-antibodies with BD has been reported in
case report series and epidemiological studies. Patients with autoimmune diseases present a
higher risk for BD, while BD patients exhibit higher incidence of autoimmune diseases.
Eaton and coworkers (2010) [3] in a cohort study demonstrated that a history of Guillain-
Barre’s syndrome, Crohn’s disease, and autoimmune hepatitis was associated with raised
risk for BD. Systemic lupus erythematosus women present 6-fold increase in the incidence
of BD [4], while multiple sclerosis patients up to 30 fold-increase [5]. It is widely
recognized that BD patients present a higher frequency of autoimmune thyroiditis [6]. It is
worth emphasizing that this increased occurrence of autoimmune thyroiditis and also anti-
thyroid peroxidase antibodies (TPO-Abs) in BD patients are not explained by lithium
exposure [6].

Not only BD patients, but also their offspring inherits this vulnerability to autoimmune
thyroiditis, suggesting an epigenetic autoimmune susceptibility [7]. Together these findings
suggest a link between autoimmunity and BD.

Immune cells phenotype in BD

Based on the very first evidence of leukocytes changes in major depression, some
researchers evaluated the total number and subpopulations of white blood cells from BD
patients. One study showed reduction of neutrophils in depressed BD patients [8]. A
decrease in the total number of lymphocytes during mania was also demonstrated [9]. Just
recently, the evaluation of leukocytes in BD patients with flow cytometry to assess
phenotype-specific cell surface markers in order to quantify monocytes and lymphocytes
subsets (B-cells, T-cells, T helper cells, and T suppressor/cytotoxic cells) has been
conducted.

These new studies have shown that the frequency of monocytes (CD14+), B-cells (CD19+)
or NK cells is the same in BD patients and healthy controls [10, 11]. Regarding different T
cells subsets: (i) BD patients do not present differences in T cytotoxic cells (CD8+) or T
helper cells (CD4+) [11]; (ii) BD patients do not present differences in activated T
lymphocytes (expressing CD25+), but these cells were less sensitive to dexamethasone
effects when compared to controls [12]; (iii) BD patients present a reduction in the
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frequency of T regulatory lymphocytes (CD4+CD25+Foxp3+) [10], a cellular type related
with the suppression of the proliferation of effector T cells and the inhibition of the
development of autoimmune diseases. This last finding may partially explain the association
of BD with autoimmune diseases as showed above.

In vitro cytokine production by mononuclear cells from BD patients

In whole blood assays, Kim et al. (2007) [13] found increased levels of interleukin-6 (IL-6)
and tumor necrosis factor-a (TNF-a) following phytohemaglutinin and lipopolysaccharide
stimuli, but no change in the production of the IL-2 and interferon-y (IFN-vy). Studies
evaluating the release of cytokines by stimulated lymphocytes suggest lower production of
IL-2 [14, 15] and IFN-y [14, 15] in BD patients, with no difference in IL-4 [14] and IL1-$
[16]. Data regarding the production of 1L-6 [15, 16] and IL-10 [14, 15] are contradictory,
with some studies showing decreased production of IL-6 and I1L-10 [15], while others no
significant differences [14, 16].

BD patients, including children, present an increased monocyte phagocytic activity [17, 18].
The reason for this is not clear, but some hypotheses to explain this phenomenon are: (i) the
illness per se induces a state of hyperactivity of monocytes (e.g., the stress state caused by
the illness can induce activation of monocytes); (ii) the state of hyperactivity of monocytes
could represent a key factor in the development of BD; (iii) there is an underlying factor that
independently influences the development of BD illness and the hyperactivity of monocytes;
(iv) there are two underlying factors, unrelated, sharing the same environment and leading to
the activation of monocytes and BD illness.

Circulating levels of immune markers

The presence of immunological activation in BD has also been evaluated through circulating
levels of cytokines. In contrast to findings on stimulated mononuclear cells, there is
consistent evidence of increased levels of a series of cytokines in BD. When compared with
controls, BD patients present increased circulating levels of the Th2 related cytokines I1L-4
and IL-10 [19]. BD patients also present a trend towards increased levels of pro-
inflammatory cytokines like IL-1f and IL-6 [19]. Interestingly, the levels of TNF-a, a
prototypical pro-inflammatory cytokine, were comparable in BD patients and healthy
controls [19-23]. Conversely, studies have consistently demonstrated increased levels of the
soluble receptor of TNF-a type 1 (STNFR1) in BD [19, 21, 23]. sSTNFR1 is the circulating
form of TNFR1, a receptor with a ubiquitous distribution and who is responsible for most of
the actions of TNF-a. As sSTNFR1 is induced by TNF-q, its measurement is useful to
determine the overall production of TNF-a [22].

Additional studies have extended observations of cytokines to other immune markers that
are also related to the increased inflammatory activity in BD. BD patients in comparison
with healthy controls present increased levels of: (i) the soluble IL-2 receptor (IL2R) [19,
20], the interaction of IL-2 and its receptor plays a central role in the signal transduction
pathways resulting in cell proliferation and clonal expansion of activated T cells; (ii) the
IL-1 receptor antagonist (IL1ra) [19], a soluble receptor that naturally inhibits the pro-
inflammatory effect of IL-1p; (iii) chemokines, chemotactic cytokines classically
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responsible to direct the movement of circulating leukocytes to sites of inflammation [24];
(iv) markers of endothelial cell activation, such as osteoprotegerin and von Willebrand
factor [24]; (v) adipokines, mediators produced by the adipose tissue [21]; (vi) oxidative
stress markers, such as thiobarbituric acid reactive substances, and antioxidant enzymes
activity [superoxide dismutase (SOD) and catalase (CAT)] [25]; (v) acute phase proteins,
such as C reactive protein [26]; among others. Despite clear evidence demonstrating an
inflammatory status in BD patients, not all inflammation-associated biomarkers are elevated
in BD [27].

Clinical and neuropathological correlates of peripheral inflammation in BD

BD is characterized by the recurrence of mood episodes. Clinical and epidemiological
studies have revealed that genetic background, stressful life events (such as childhood
maltreatment), or substance abuse are related with the risk of development of mood
disorders, particularly BD. It is hypothesized that the first mood episodes are initially
triggered mainly through stressful events. During the course of BD, mood relapses may
emerge spontaneously, leading to neuroprogression in which the higher the frequency of
mood episodes, the worst the prognosis of BD [2].

In this scenario, mood episodes seem to play a pivotal role acting as a major “toxic player”
in the neuroprogression of the illness [2, 28]. One of the possible mechanisms responsible
for the neuroprogression is the aberrant exacerbation of the pro-inflammatory cytokines and
other inflammatory markers during mood episodes (i.e., mania or bipolar depression) in BD.
Meta-analyses and case-control studies showed that BD patients in mania present increased
levels of IL-6, IL-10, TNF-a, STNFR1, chemokines and sIL2R in comparison not only with
healthy controls, but also with BD patients in euthymia [19-22]. These findings indicate that
the pro-inflammatory state in BD patients is strongly enhanced during mood episodes.
Corroborating the hypothesis of mood episodes as a major “toxic player” some studies
positively correlated the severity of mood episodes with the levels of proinflammatory
markers [23, 28]. It is worth mentioning that there is a lack of studies assessing cytokines
and other inflammatory markers in BD patients during depression episodes.

Pro-inflammatory cytokines are relatively large molecules that are not able to freely cross
the blood-brain barrier under physiological conditions. Some of the pathways possibly
involved in the signaling process of peripheral cytokines in the central nervous system
(CNS) are: (i) passage through leaky regions in the blood—brain barrier; (ii) active transport
via saturable transport molecules; (iii) activation of endothelial cells and other cell types
lining the cerebral vasculature; and (iv) binding to cytokine receptors associated with
peripheral afferent nerve fibers (e.g., the vagus nerve) that then relay cytokine signals to
relevant CNS regions. Once the peripheral cytokine signals reach the CNS, a complex
network composed of neurons and glial elements amplifies the effect through production of
cytokines and increased expression of cytokine receptors. Of particular relevance to this
process of translating process from the periphery to the CNS is the activation of microglia.
Microglial cells are developed from the same progenitors as tissue and blood macrophages,
and usually exist in a quiescent state. A microglial cell can undergo activation, increasing
the expression of cytokines and activation-associated surface molecules, and may directly
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injure neurons. The evidence of microglial activation in BD comes from post mortem
investigations, while in vivo studies (e.g ., PET neuroimaging) are lacking.

A single study assessed pro-inflammatory cytokines in the cerebrospinal fluid of BD
patients, reporting increased IL1-B levels indicating, which indicates that the pro-
inflammatory status does not occur only in the periphery, but also in the CNS [29]. In line
with this, postmortem studies showed that BD patients present increased markers of
neuroinflammation and decreased anti-inflammatory markers in the frontal cortex in
comparison with controls [30, 31]. Specifically, increased protein and mRNA levels of
IL-1B and its receptor (IL-1R) were described, as well as upregulation of nuclear factor
kappa B (NF-kB) transcription factor subunits (p50 and p65), and astroglial and microglial
markers (glial fibrillary acidic protein, inducible nitric oxide synthase, c-fos and CD11b) in
the prefrontal cortex of BD [30]. Moreover, BD patients present decreased total RNA
expression of TGFp in the frontal cortex area [31]. Dean et al. (2012) [32] showed that BD
patients present increased transmembrane TNF-a protein level in the anterior cingulate area,
and decreased TNFR2 protein levels in the dorsolateral prefrontal cortex. These data
reinforce a role for cytokines in BD as the dorsolateral prefrontal and anterior cingulate
cortex are well known to be critically involved in mood regulation and cognitive processes
compromised in the illness.

In the CNS, physiological levels of pro-inflammatory cytokines, such as IL-1, IL-6, and
TNF-a, are involved in neural processes like the induction and maintenance of long-term
potentiation, neurogenesis, regulation of the survival of differentiated neurons and the
development of astrocytes, impacting on several cognitive (e.g. memory) functions [33, 34].
However in response to several insults (i.e., ischemia, trauma, ‘neurotoxicity’) cytokines
may contribute to the neurodegenerative process. For instance, increased levels of TNF-a
seem to be involved in neuronal cell death through the activation of caspases and apoptotic
machinery [35]. This neurodegenerative process mediated by TNF-a may contribute to the
volumetric reduction and hypoactivation of frontal lobes in BD patients [36] with associated
disinhibition of limbic structures [37]. In line with this, our group demonstrated that
circulating levels of TNFa levels correlated with inhibitory control in BD patients [38]. The
impairment in inhibitory response is regarded as a cognitive endophenotype of BD.

In conclusion, there is mounting evidence of increased immune markers, particularly pro-
inflammatory cytokines, in the periphery and in the CNS of BD patients. However it is still
uncertain if and how the peripheral changes in BD may reflect pro-inflammatory processes
that primarily occur in the CNS. Alternatively the peripheral changes in BD patients could
influence neural activity in the CNS deflagrating mood episodes.

Stress: a missing link between illness and inflammation in BD?

It is well known that mood episodes in BD can be precipitated by exposure to stress,
resulting in the release of glucocorticoid hormones, such as cortisol. In physiological
conditions, cortisol exerts an inhibitory effect on cytokines production by immune cells.
During chronic stress, however, this inhibitory effect is lost. Continuous release of pro-
inflammatory cytokines, particularly IL-1f, causes the activation of intracellular pathways
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(including mitogen-activated protein kinases (MAPK) pathways), inhibiting the
glucocorticoid receptor response to cortisol. The suppression of glucocorticoid receptor by
cytokines may also contribute to the persistent elevated levels of cortisol during chronic
stress [39].

It has been reported abnormal activation of the hypothalamic-pituitary-adrenal (HPA) axis in
BD. For instance, euthymic BD patients exhibit blunted stress response as shown by reduced
heart rate and salivary cortisol levels when exposed to acute stress [40]. In parallel to this
altered neuroendocrine response, these patients present reduced lymphocyte sensitivity to
glucocorticoids [40]. This HPA axis dysfunction in BD patients may indicate a defective
neuroendocrine control over the immune system explaining, at least partially, why BD
patients present increased circulating levels of pro-inflammatory cytokines. As mood
episodes may trigger stress responses, a cyclical abnormal activation of the HPA axis may
take place, leading to chronic increased levels of inflammatory markers and, hence,
allostatic load in BD.

Glucocorticoids regulate not only the immunity but also other functions such as metabolism.
Glucocorticoid excess, secondary to HPA activation, leads to metabolic dysfunction and
central obesity in BD. The related medical comorbidities also contribute to higher levels of
stress perpetuating HPA axis activation. Therefore the increased pro-inflammatory status in
BD patients may be one of the consequences of the increased rates of chronic medical
illness. It seems unlikely that medical clinical comorbidities explain completely the
increased pro-inflammatory state found in BD. In accordance with this, overweight BD
patients present an increased pro-inflammatory state when compared with overweight
controls [21].

Immune-based strategies in BD

The development of new therapeutic targets for BD is of paramount importance, since the
current pharmacological strategy is not fully effective to treat and/or to prevent the relapses
of mood episodes. Moreover, the available drugs do not treat the clinical comorbidities
associated with BD, on the contrary, can even make them worse (e.g. weight gain).

The immune system seems to be a promising target. Nery et al. (2008) [41] conducted a
double blind, randomized, placebo-controlled add-on study in depressive or mixed episodes
of BD with a cyclo-oxygenase 2 inhibitor (celecoxib). In this study the addition of celecoxib
to the standard treatment was associated with a faster improvement of depressive symptoms
in comparison to the standard treatment alone [41]. This study indicated a potential
antidepressant effect of anti-inflammatory drugs. New studies evaluating other anti-
inflammatory (i.e., Aspirin) or immune-based (i.e., minocycline) strategies in BD patients
are in course [42, 43].

It is worth mentioning case-reports of mania in patients under treatment with infliximab, an
anti-TNF-a monoclonal antibody [44, 45], corroborating the view that it is possible to
modulate mood and mood disorders by using immune mediators.
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Higher frequency of autoimmune diseases, activation of cell-mediated immunity, and
systemic inflammation are observed in BD. This pro-inflammatory profile experienced by
BD patients may have deleterious consequences, acting as a major player in disease
neuroprogression. Conversely, this immune imbalance can be regarded as a promising target
to the development of more effective pharmacological strategies in BD.
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