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Brain-derived neurotrophic
factor and neuroplasticity in
bipolar disorder

Expert Rev. Neurother. 8(7), 1101-1113 (2008)

Initial descriptions of bipolar disorder (BD) emphasized that patients returned to a baseline
condition after acute episodes. Such definitions were operational in teasing bipolar disorder
apart from schizophrenia, where patients were described to be permanently impaired after the
initial episodes. However, this view of BD as a disorder where cognition and overall functioning
was spared has been changing after the scrutiny of new research. Currently, the cognitive
impairment and neuroanatomical changes related to cumulative mood episodes, particularly
manic episodes, are well described. In terms of neuropathological findings, recent data
suggest that changes in neuronal plasticity, particularly in celi resilience and connectivity, are
the main findings in BD. Data from differential lines of research converge to BDNF as an
important contributor to the pathophysiology of BD. Serum BDNF levels have been shown to
be decreased in depressive and manic episodes, returning to normal fevels in euthymia.
Moreover, factors that negatively influence the course of BD, such as life stress and trauma,
have been shown to be associated with a decrease in serum BDNF ievels among bipolar
patients. These findings suggest that BDNF piays a central role in the transduction of
psychosocial stress and recurrent episodes into the neurcbiciogy of bipoiar disorder. The
present review discusses the role of BDNF as a mediator of the neuroplastic changes that occur

in portion with mood episodes and the potential use of serum BDNF as a biomarker in BD.

KEYWORDS: BDNF  bipolar disorder ® brain-derived neurotrophic factor ® neuroplasticity ® neurotrophin
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Bipolar disorder (BD) is a chronic mood dis-
order, with a liferime incidence of at least 1% 1.
Epidemiological studies indicate a role for both
biological and environmental factors in the
pathogenesis of BD. Among biological factors,
impairment in synaptic plasticity and neuronal
survival has been described, which are deter-
mined by several factors including the orches-
trated action of neurotransmitters, hormones
and neurotrophins. Synaptic plasticity can be
defined as an experience-dependent change in
synaptic strength (21, Accordingly, such definition
will be used in the present review.

BDNF has emerged as 2 key mediator for
synaptic plasticity, neuronal connectivity and
dendritic arborization [3,4]. BDNF is known to
have a highly complex genomic structure con-
taining multiple 5’-noncoding exons thar are
spliced to 2 common 3’-coding exon that
encodes for the BDNF protein (5], and such a
complex set of genomic promoters is thought to

mediate accurate control of BDNF production
t61. There is recent evidence showing that chro-
matin remodeling of the BDNF gene may be
associated with the deleterious effects of stress
and with antidepressant response. More specifi-
cally, Tsankova ez 4l found that chronic defeat
stress, a mouse model of depression, induced a
threefold downregulation of BDNF mRNA
expression in the hippocampus, an effect that
was mediated by repressive histone methylation
and consequent decreased expression of BDNF
transcripts 111 and IV [7. Moreover, chronic
treatment with imipramine increased histone
acetylation at these same promoters, thereby
normalizing the expression of BDNF transcripts
Il and 1V and total protein. More recently, Yas-
uda ez /. demonstrated that the mood stabiliz-
ers lithium and valproate increase BDNF rran-
script 111 (old rat nomenclature) in rat cortical
neuronal cultured cells (8). Together, these stud-
ies strongly suggest that the regulation of
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BDNF transcription may be a key target for the effects of anti-
depressants and mood stabilizers. BDNF transcripts are trans-

lated into a precursor, pro-BDNE, which binds to sortilin in the
Golgi to facilitate appropriate folding, trafficking and secretion
(9,101 It has been demonstrated that a single polymorphism in
the BDNF gene, which substitutes a valine for a methionine at
the codon 66 {(val66met}, can disrupt the BDNF—sortilin inter-
action, thereby reducing activity-dependent BDNF secretion
o). Furthermore, knock-in BDNE™/™ mice have abnormal
dendritic arborization in the dentate gyrus and display anxious-
related behaviors that are not normalized by antidepressant
treatment [11]. These findings are particularly important in light
of recent evidence suggesting that the BONF val66met poly-
morphism may be implicated in the pathophysiology of BD (as
discussed in detail later).

BDNF binds with high affinity to the trkB receptor, while
pro-BDNF preferentially binds to the p75 receptor. The activa-
tion of trkB initiates a number of intracellular cascades
involved with cellular survival, growth and differentiation, such
as the PI3K/Akt, MEK/ERK and PLCy/PIP, signaling systerns
(12141, Along with slow effects that require protein synthesis,
BDNF exerts rapid signaling events that regulate membrane
potential, synaptic transmission and activity-dependent synap-
tic plasticity 1151 For instance, TrkB-MEK/ERK activation can
induce phosphorylation of the synaptic vesicle protein syn-
apsin, thereby increasing glutamate and GABA release [i6).
Moreover, synaptic strength is increased in the presence of
BDNF owing to increased ion influx through NMDA recep-
tors 1171. Thus, the ability of BDNF to regulate synaptic plastic-
ity and the recent hypothesis suggesting that mood disorders
are associated with alterations in information processing within
neural networks (18] have raised the possibility that the regula-
tion of the BDNF signaling pathway may be relevant to disease
mechanisms and the development of future medications for the
treatment of mood disorders (3,19,

A number of studies reported decreased BDNF levels in
manic and depressive episodes 2021}, and this may have a direct
effect on the pathophysiology of BD. In fact, it is now recog-
nized that BD has a long-term outcome much less favorable
than previously thought, with incomplete recovery between the
episodes, cognitive impairment and functional decline [22.
Therefore, it is not appropriate to rely only on episodic altera-
tions to fully explain the pathophysiology of BD. Impairments
in neuronal plasticity and resilience could be the neuropatho-
logical hallmark of BD, corresponding to more enduring
changes in the brains of patients. Morphometric studies have
demonstrated that patients with BD have enlargement of the
third and lateral veatricles, and reduced gray matter volumes of
orbital and medial prefrontal cortices, ventral striatum and
mesotemporal cortex, as well as an increase of the size of the
amygdale [23). Notably, some authors reported that such neuro-
anatomical changes tend to be more pronounced with repeated
episodes [24]. Apart from neuroanatomical change, impairment
in cognitive function has also been demonstrated in manic,

depressed as well as cuthymic bipolar patients i25-271. Such
impairment seems to be related to indicators of the severity of
the disease, such as the presence of psychotic symptoms, longer
duration of illness and higher number of manic episodes (28},

In the present review, evidence of modulation of BDNF
levels by psychosocial stress is presented. Such data are exam-
ined in the light of the neuroanatomical changes reported in
BD. The potential use of BDNF as a marker of neuronal dys-
function is discussed and the possible relationship between
changes in BDNF and the brain alterations reported in BD
patients is highlighted.

BDNF & psychosocial stress

Epidemiological studies and clinical trials with large samples
have revealed that stress and emotional trauma are associated
with increased risk of psychopathology I291 and attempted sui-
cide [30], particularly when experienced early in life (31]. Stress-
ful life events are frequently associated with the development
and progression of mood disorders (32, Childhood mal-
treatment strongly predicts poor psychiatric and physical health
outcomes in adulthood, and these individuals are more likely to
become persistent users of medical care and emergency services
1331, Despite the consistent association of traumatic events and
an adverse course of psychiatric iliness, little is known about
neurobiological mediators of this interaction. Recent evidence
suggests that BDNF may be a potential candidate.

Unlike other growth factors which are secreted primarily via
constitutive pathway, BDNF is preferentially sorted into a regu-
lated pathway that secretes BDNF in response to neuronal
activity (4. This characteristic of BDNF supports and suggests a
role for BDNF in experience-dependent processes during the
formation and plasticity of circuits in the brain. Numerous pre-
clinical studies have documented that stress decreases the
expression of BDNF (4], Early life events may have long-term
effects in repeated activation of stress-responsive biological
mediators and BDNF is believed to counteract the negative
impact of stress hormones. In fact, it has been suggested that
prenatal conditions may compromise cognitive function in
adult life, in part, by altering BDNF expression in the hippo-
campus (34, In an animal model of maternal separation, levels
of BDNF are reduced in the brain. Furthermore, BDNF levels
and genes have been implicated in mood disorders (35) and
trauma (32]. A recent report from Savitz ez al. showed that scores
on the childhood sexual abuse scale were negatively associated
with memory performance and that the low-activity BDNE-
met zllele interacted with sexual abuse scores to result in
reduced memory test performance in adults recruited from BD
families [36]. Kaufman ez 2/ reported a three-way interaction
between the met allele of BDNF and two short alleles of sero-
tonin transporters, which was observed only in those with child-
hood maltreatment; the highest depression scores were associ-
ated with the presence of all three alleles (37). In a BD sample,
those with a history of traumatic experiences had lowered
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serum BDNF (Ficure 1) 138 A recent report suggested that
higher 1Q scores were associated with 2 decreased risk of expo-
sure to traumatic events and of post-traumatic stress disorder
{PTSD) 1391, It is plausible that cognitive deficits mediated by
changes in neurotrophins (BDNF) after a major traumatic situ-
ation contribute to a vicious cycle leading to an increase in
morbidity and to a worse outcome, as observed in those
exposed to childhood traumatic events.

In preclinical studies, BDNF expression has been shown to be
regulated by stress responsive corticosteroids 140l. The interac-
tion between BDNF and corticosteroids appears to play a key
role in the environmentally mediated vulnerability to psychopa-
thology [22]. Early exposure to traumatic life events and PTSD,
as well as depression, has been associated with hypo-
thalamic—pituitary—adrenal (HPA) axis dysfunction (41 and
enduring stress response alterations [42). In fact, a recent article
from Schule and colleagues showed that patients with the
BDNF met/met polymorphism had higher HPA axis activity
during the dexamethasone/corticotropin-releasing hormone test
1431. Glucocorticoids and mediators of stress interact with neuro-
transmitter systems resulting in neuroplastic alterations seen in
the hippocampus, amygdala and prefrontal cortex (PFC) 1441,
For instance, chronic stress in animal models is related to
abnormal neuronal remodeling in the PFC (45-473, particularly
in glial cells [48] and the amygdala [49. Structural and functional
MRI studies in depression and Cushing’s disease, as well as anx-
iety disorders provide evidence that the human brain may be
similarly affected [50. Consistent with these findings, two inde-
pendent studies found that stress induced by immobilization
diminished hippocampal BDNF mRNA in rodents (51,52).

Studies have also reported smaller hippocampal volumes in
patients with early-life stress and child sexual abuse. Depressed
women with a history of child abuse have an 18% smaller left
hippocampal volume than nonabused
women (53, Remarkably, these apparent

differences in hippocampal size may be 0.25-
reversible with antidepressant treatment,
consistent with a function of neuro- _ 0.20
trophic factors in synaptic plasticity in & '
the hippocampus (54.. Taken together, =
these data suggest that BDNF-related ‘S 0.45 -
neuronal plasticity may be an important 2
mediator of the effects of psychosocial &
stress on psychopathology. P 0101
g
g
Psychosocial stress, episode @ 0.051
recurrence & brain rewiring
Adaptive plasticity is seen in response to o

acute and chronic stress, as indicated by
synaptic and dendritic remodeling, neuro-
genesis and atrophy of neural structures,
particularly in the PFC and hippo-
campus 44,55~ Some of the changes in

Control
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Figure 1. BDNF levels in the presence or absence of trauma
in bipolar patients. ‘p = 0.002.

Reproduced with perrnission from (381 © (2007) Biackwell
Munksgaard Publishing.

brain morphology described to be associated with chronic stress
have also been reported in patients with BD. It is noteworthy
that some of the growth factors that are altered by stress have
also been shown to be altered in BD. This is particularly true in
the case of BDNF (56]. Decreased serum BDNF levels during
both manic and depressive episodes have recently been demon-
strated. Moreover, BDNF levels were negatively correlated with
severity of mood symptoms (Figures 2 &3) (20,21}, In1 addition, the
BDNF val66met polymorphism is associated with impaired
cognitive performance [57] and increased risk of rapid cycling
(58,59] in BD patients. Euthymic patients {either val/val or met
carriers) have similar serum BDNF levels in comparison with
controls, suggesting that the normalization of BDNF levels
may be associated with mood stability i601.

*x

Euthymic Manic Depressed

Figure 2. Serum BDNF levels in bipolar disorder patients and healthy controls.
"o =0.019, "p=0.027.
Reproduced with permission from 120] © (20086) Elsevier.
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Interestingly, we found that serum neurotrophin-3 and
GDNF are increased during acute mood episodes [61.62], which
may indicate a compensatory response to BDNF decrease. We
are tempted to speculate that such episode-related changes in
neurotrophins may help to explain some of the brain structural
changes that take place in BD patients. Such changes would
include enlargement of amygdala and reduction in neuronal
and glial size in the dorsolateral PEC (DLPFC) (¢3).

- Chronic stress is known to induce amygdala hyperactivity,
enhancing amygdala-dependent unlearned fear, fear condition-
ing and aggression {64]. Similarly, many of the symptoms expe-
rienced by patients with BD appear to be associated with
abnormalities in emotional processing which involves
amygdala circuitry. In this same vein, an enlargement of the
amygdala has been described as one of the most prominent
abnormalities in BD (65). In addition to structural changes in
this circuitry, functional neuroimaging studies indicate
increased activity in the amygdala during mood episodes 166,671.
Data from amygdala-dependent tasks, such as facial recogni-
tion, demonstrated that manic and depressed subjects identify
facial expressions less accurately than do euthymic bipolar or
healthy comparison subjects (68]. A recent study using an amy-
gdala-related cognitive task showed that bipolar patients lose
the ability to confer salience to emotionally bound informa-
tion 169). In this study, patients with BD mislabeled ‘neutral’
information as ‘emotional’. Accordingly, bipolar patients
showed a blunting of the physiological pattern of increased
memory performance for emotionally bound information, as

400
350- o @
300
250

200+

BDNF levels (pa/ml)

150

1001 R

56 'ﬁz } H T T T i
30

YMRS

Figure 3. Correlation between YMRS values and plasma
BDNF fevels in unmedicated manic patients (p = 0.007;
r=0.78).

YMRS: Young Mania Rating Scale.

Reproduced with permission from 20] ® (2007) Elsevier and
Society of Biological Psychiatry.

compared with what is seen in normal volunteers 170,. These
findings suggest that amygdala-related circuits seem to be over-
active but dysfunctional in patients with BD. As circuits
related to the amygdala seem to account, at least in part, for
conferring the emotional valence of experiences [65], it may be
possible that the gate system to code experiences as stressful is
overactive and defective in BD patients. Such malfunctioning
would render bipolar patients more vulnerable to stress and ics
neurobiological consequences.

The PFC is a key brain region involved in the regulation of
emotional behavior, executive function and fear extinction.
This area is sensitive to the remodeling effects of stress and
morphological changes in this particular brain region may
mediate, at least in part, some affective changes observed after
prolonged exposure to stress [71). There are several indicators of
structural and functional frontal lobe abnormalities in BD,
such as in the anterior cingulate and subgenual PFC 401 These
findings are consistent with the cognitive deficits found in BD,
especially those in executive function [27). In addition, post-
mortern studies have reported decreased glial cells in the sub-
genual (6372) and in the DLPFC (63.73), and decreased number
of pyramidal neurons in the DLPFC in individuals with BD
74). Consistent with these neuropathological findings, proton
magnetic resonance spectroscopy ('H-MRS) studies showed
decreased N-acetyl-aspartate (NAA; a marker of neuronal via-
bility) in the orbital frontal cortex (75 and in the DLPFC [76] of
BD patients. The PFC is related to an overall set of executive
functions that people initiate when facing stress. These self-reg-
ulatory processes that are volitionally and intentionally enacted
specifically in response to stress are called coping (771,

The majority of methodologically well-designed studies
failed to demonstrate differences in hippocampal volumes
between BD patients and healthy controls (78, Conversely, an
age-group comparison (BD adolescents vs healthy control ado-
lescents) demonstrated that hippocampal volume was signifi-
cantly decreased in BD adolescents, whereas such a difference
was not observed between adult BD and adult healthy controls.
Frazier et al compared children and adolescents with BD
against matched healthy controls and found that patients had
smaller hippocampal volumes [79]. In a recent study, Lupien
et al. assessed hippocampal volume in 177 healthy men and
women aged from 18 to 85 years of age and showed that
smaller hippocampal volume attributed to the aging process in
previous studies could in fact represent hippocampal volume
determined early in life 1s0). They also report that within similar
age groups, the percentage of difference in hippocampal vol-
ume between the individuals with the smallest quartile volume
and the group average is greater than the percentage of differ-
ence reported to exist between psychiatric populations and nor-
mal controls in recent meta-analyses. They raise the possibility
that predetermined interindividual differences in hippocampal

volume in humans may influence the vulnerability for age-
related cognitive impairments or psychopathology throughout
the lifetime.

1104
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Corroborating with the idea of psychosocial stress and/or epi-
sode recurrence on brain rewiring are data suggesting thar there
was an association between premorbid IQ score and risk of BD,
but lower 1§ was associated with increased risk of schizophre-
nia, severe depression and other nonaffective psychoses 81, In
addition an important population-based historical cohort study
with 555,326 adolescents born in Israel, which used record
linkage for psychiatric hospitalization during an 8-17-year fol-
low-up period, found that lower than expected IQ at age
17 years was associated with increased risk for schizophrenia,
but was not associated with BD, major depression or anxiety
disorder even after controlling for potential confounders is2:.
These findings suggest that cognitive impairment in BD could
be related with nurture rather than nature (Ficure 4).

BDNF as a marker of neuronal dysfunction

The expression of BONF is high in the cerebral cortex and
hippocampus, brain areas that are known o regulate complex
brain functions such as memory and emotion. It has been dem-
onstrated that BDNF plays a key role in long-term potentiation
(LTP), one of the most accepted models of learning and mem-
ory. For instance, the administration of exogenous BDNF 1o
genetically modified mice deficient in BDNF or its recepror
TrkB rescue the impairment in LTP processes (83]. In addition,
transgenic mice lacking BDNF or TrkB demonstrate poorer
performance than their wild-type littermates in the Morris
water maze, a hippocampal-dependent spatial learning task (84
These and other studies suggest that abnormalities in the
BDNF-signaling system might be implicated in the cognitive
decline observed in certain neuropsychiatric disorders, such as
BD [14], major depression [40] and schizophrenia issi.

It has been demonstrated by some [36-881 but not all [89.90)
genetic studies that the BDNF val66met polymorphism may
confer susceptibility to BD. This may be particularly true for
certain subtypes of BD, since two independent studies with
large sample sizes showed that the val66met polymorphism is
associated with increased risk for rapid cycling (5859, In addi-
tion, a number of studies found that this gene polymorphism is
associated with differential response to lithium prophylaxis [o1],
poorer memory performance [92) and decreased prefrontal corti-
cal volume 193] in individuals with bipolar disorder. Likewise, a
"H-MRS study recently demonstrated that BD subjects that are
met-carriers for the BDNF val66met polymorphism have lower,
while val/val subjects have higher creatine plus phosphocreatine
levels in the left DLPFC [94). This finding is consistent with a
number of studies conducted in healthy humans showing that
the BDNF val66met polymorphism is associated wich altered
hippocampal memory and function (85,95}, and decreased hippo-
campal [9697] and prefrontal cortical volumes (97.98). Taken
together, these studies support the notion that the BDNF
val66met polymorphism affects brain anatomy and function in
humans [99], and further suggest that this polymorphism may be
implicated in the pathophysiology of BD. However, it is not

Mood episodes

Lower BONF Lower BONF
/ A
/ %
Life stress Cell endangerment

s

Decreased coping Brain rewiring

Decreased prefrontal cortex
Increased amygdala
increased/decreased hippocampus

Expert Rev. Neurother. © Future Science Group Lid (2008)

Figure 4. Proposed relationship between life stress, lower
BDNF, recurrent mood episodes and brain rewiring in
bipolar disorder.

clear how such polymorphism would be mechanistically
related to structural brain changes. While the search for the
exact mechanisms underlying impaired BDNF-signaling trans-
mission are underway, it has been proposed that it might
include fewer dendritic branching, lower synaptic efficacy,
decreased neurogenesis and increased cell death (99-101). Con-
sistent with this hypothesis, knock-in BDNEmet/met
exhibit a number of brain abnormalities, such as decreased
hippocampal volume and decreased dendritic complexity in
the dentate gyrus i111. Notably, these structural changes were
accompanied by impairment in contextual-dependent fear

mice

conditioning, a hippocampal-dependent memory test.

There is a growing body of data indicating that BDNF is
associated with the mechanism of action of antidepressants and
mood stabilizers [:02,103;, More specifically, it has been clearly
established thar chronic antidepressant treatment increases
BDNF expression in the cerebral cortex and hippocampus, as
reviewed by Schimdt and Duman [40). In addition, the phos-
phorylation of TrkB receptors is necessary for antidepressant-
induced response in the forced swim test [104. Conversely,
Shirayama ez 2/. demonstrated that the biockage of BDNF sign-
aling with either a tyrosine receptor kinase or a MEK/ERK
inhibitor artenuates the antidepressant effects of BDNF [105]. In
this same line, chronic administration of lithium and valproate
increases BDNF content in the rat hippocampus and PFC
(FiGURe 5) {106,107}, It is worth mentioning that the behavioral
effects of BDNF may be opposite, depending on the brain
region. Notably, infusion of BDNF into the ventral tegmental
area induces behavioral despair in the forced swimming test, a
depressive-like phenotype 1108, Furthermore, the depressive

www.experi-reviews.com
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behavior induced by social defeat stress is prevented by block-
age of BDNF in the ventral tegmental area (100). These results
are opposite to what is found in the hippocampus and indicate
that the effects of BDNF on depressive-like behavior are region
specific. Therefore, a deeper understanding about the molecu-
lar determinants involved in BDNF-signaling cascades may
provide a means for the development of novel agents for the
treatment of BD.

The potential use of BDNF as a biomarker of neuronal dys-
function deserves further discussion. In the peripheral blood,
BDNF can be stored and released by platelets, lymphocytes
and endothelial cells [110-112;, Preclinical studies found that
BDNF can cross the BBB, moving from the periphery to the
brain and vice versa (Fiourz 6) 113}, and that there is a strong cot-
relation between blood and brain BDNF levels (114). Dawood
et al. have recently proposed an alternative technique of assess-
ing brain BDNF production in individuals with major depres-
sion by collecting blood from the brachial artery and internal
jugular vein simultaneously 11151, In this latter study, subjects
with high risk of suicide had a lower veno-arterial BDNF con-
centration gradient than those with low suicide risk, suggesting
thar suicide risk may be associated with reduced BDNF over-
flow from the brain, However, this technique is at best indirect
and additional studies are needed to better determine whether
peripheral BDNF findings can indeed represent what is hap-
pening in the human CNS. In this regard, a recent 'H-MRS
study investigated the correlation between serum BDNE and
NAA levels in the anterior cingulate cortex and hippocampus
of 36 healthy volunteers (115, The authors found that periph-
eral BDNF positively correlated with NAA levels in the ante-
rior cingulate cortex but not in the hippocampus, indicating
that serum BDNF may reflect, at least in part, prefrontal neu-
ronal integrity in the living human brain (1161, Therefore,

although the use of peripheral BDNF levels as a biomarker is
promising, there is a need to prospectively investigate BDNF
levels during acute mood episodes and in periods of remission
to better determine the usefulness of this method in individuals

with BD.

Expert commentary

Current diagnostic criteria for major mood disorders are essen-
tially based on clinical symptomatology, and the need for bio-
logical markers as complements in diagnostic and prognostic
purposes has been extensively recognized. In this search, recent
evidence suggests that BDNF might be a potential marker. The
fact that serum BDNF levels are decreased during manic and
depressive episodes, whereas euthymic BD subjects have similar
serum BDNF levels than healthy controls 120], and that serum
BDNF levels are negatively correlated with manic and depres-
sive symptoms [20,21) strongly suggest that the normalization of
BDNF levels may be associated with clinical stabilization. How-
ever, these assumptions are based on case—control studies and
longitudinal studies are clearly necessary to test this hypothesis
in individuals with BD. Nevertheless, a number of prospective
studies conducted in major depressive {unipolar) disorder demon-
strated with consistenicy that serum levels of BDNF increase
afrer successful antidepressant treatment, as reviewed by
Duman and Monteggia 135.. Another limitation of this hypothe-
sis is that it is based fundamentally on studies conducted with
animal models or human peripheral blood, and the presump-
tion that such findings might be occurring in the human brain
needs to be confirmed. In this regard, a post-mortem study
showing that individuals under antidepressant medications at
the time of death had higher hippocampal BDNEF expression

than individuals not on antidepressants further supports the

0.5 -
g 0.4 -
£
[
% o03- .
=
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=T 0.2-
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g *
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Saline + saline Valproate + saline ' Lithium + Saline + Valproate + Lithium +
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Therapy

Figure 5. BDNF levels in rat hippocampus after 7 days of treatment with mood stabilizers and 7 days of mood stabilizers and

amphetamine. "p < 0.05.
Reproduced with permission from [107) © {2008} Elsevier.
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role of BDNF in the treatment of mood disorders [117.. We are
not aware of any technique that allows the direct measurement
of BDNF in the human brain #n vive. The development of spe-
cific ligands for TrkB receptors could be extremely valuable in
furure PET studies in humans.

Several transversal and longitudinal brain imaging studies
demonstrated that lithium treatment increases cerebral cortical
gray matter content and hippocampal volume in patients with
BD [1:8-123]. Although it is not possible to directly measure
BDNF content in the human brain 7 vive to date, the authors
presumed that these findings may be related to neurotrophic
effects of lichium, especially by increasing cerebral BDNF
1:22.123. This hypothesis is largely supported by studies in
rodents showing that lithium, valproate and antidepressants
increase BDNF levels in the hippocampus and PFC, brain
regions known to be involved with mood regulation
(106,107,124]. Thus, we believe that substances that are able to
increase cerebral BDNF expression have the potential to affect
human affective responses and exert mood stabilizing effects,
and that this rationale should be included in the investigation
of new treatment approaches. In this regard, recent new prom-
ising drugs in the field of BD, such as PKC inhibitors [125] and
glutamate modulators [i26), may regulate the expression of
BDNF through downstream effects on transcriptional factors
and gene expression.

Finally, genetics is another promising field of research with a
potential to unravel individual differences in treatment
response related to distinct genetic predisposition. For instance,
while a recent study demonstrated that the BDNF val66mer
polymorphism is not associated with antidepressant-induced
mania [127], another study found that individuals val/met for
this polymorphism may be better responders to lithium proph-
ylaxis (91;. Obviously, longitudinal studies are necessary to bet-
ter determine the role of the val66met polymorphism in treat-
ment response. In addition, studies addressing the involvement
of other single nucleotide polymorphisms of the BDINF gene, as
well as the interaction between BDNF and other functional
genes are warranted.

Five-year view

BD is among the oldest and most stable clinical syndromes in
medicine. However, the complete clinical description was car-
ried out by Kraepelin, 100 years ago 1281. Since then, the dift
ferentiation berween schizophrenia and BD owes much to
Kraepelin'’s early descriptions, which emphasized that cognitive
decline was a central feature of schizophrenia. However, cur-
rent research has challenged the classical notion that schizo-
phrenia follows a deteriorating course after the initial episodes
whereas cognition tended to be spared in the course of BD.
Currently, the cognitive impairment that takes place among
BD patients has been well described and it differs from the
impairment seen among patients with schizophrenia in various
aspects, including the pattern of appearance. The cognitive
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impairments seen in schizophrenia follow a pattern described
as ‘one hit’, meaning that the period of approximately 2 years
that antecedes the first episode and during the first episode
would be the time where cognition would decline and remain
stable thereafter 129;. In a differential manner, recent findings;
suggest that the cognitive impairment in BD occurs in part
with the occurrence of new episodes [MARTINEZ-ARAN FT AL, PERS.
Comu.). This has lead to the notion that cognitive impairment
occurs as a consequence of cumulative episodes {130]. It is note-
worthy that lowering in serum BDNF has been reported in the
context of BD episodes. Thus, a plausible explanation is that
the cognitive impairment related to BD episodes takes place as
a consequence of neurotrophic changes set in motion by mood
episodes or subsyndromal mood symptoms.

The rationale summarized carlier has the potential to pro-
duce a shift of paradigm in the treatment of BD. While con-
trolling acute symptoms of BD may have been the initial goal
of clinicians in the past few decades, the notion that episodes
may be self-engendered has brought to the field a more cau-
tious approach [1311. Accordingly, without a proper quenching
of episodes, the propensity to develop further episodes would
be inflated [132. Recent findings suggesting that each new epi-
sode may carry the potential to engender further cognitive
damage, may lead the field to a stronger prophylactic attitude.
If one considers that preventing episodes may be a means to
avoid deleterious changes in the brain and the progression of
the disorder, the approach to the treatment of BD would then
resemble the attitude of clinicians in the ficld of epilepsy, where
patients tend to be medicated in terms of achieving maximal
protection and solid prophylaxis. A sharper focus on avoiding
new episodes does not exclude the permanent trade-off
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between improving symptoms and avoiding unwanted side
effects. However, it puts a stronger emphasis in efficacy rather
than tolerability. It is reasonable to foresee such a trend devel-
oping in the field of BD, particularly in the case of patients
who have already experienced manic and/or psychotic episodes.

As far as changes in neurotrophins are concerned, current
research conducted in our laboratory and others is searching for
the clinical applications of serum BDNF levels as a marker of
illness activity, in the same way that serum tests with low specif-
icity are used as indicators of illness activity as in the case of
rtheumatic disorders. Moreover, we and other groups are cur-
rently exploring the potential of BDNF as an indicator of
response to medication. In this sense, it seems reasonable that
early and more pronounced increases in serurn BDNF levels
would perhaps predict an earlier or more complete resolution of
acute episodes.

Another potential application of neurotrophins and other
biomarkers would be to differentiate schizophrenia from BD.
In this regard, we have recently described very promising results
showing a differential profile of serum neurotrophins among
schizophrenia and BD patients {133]. In this latter study, we
found that serum BDNF levels were increased in SZ subjects as
compared with BD patients and healthy controls. In addition,
the use of peripheral markers may be potentially useful for the
clinical staging of BD [134). As mentioned eatlier, the cognitive
and functional impairment that takes place in BD patients sug-
gest that apart from transversal phenomenological differences,
BD patients may vary in their degree of severity and response to
medication according to the stage of the disorder. Berk ez 4/
have put forward the notion that patients wich BD could be
grouped into stages of severity, ranging from populations that
are at risk for developing the disorder up to patients who
despite being treated remain symptomatic without returning to
a baseline state 1134]. In this sense, we would expect much more

Key issues

# Changes in cell resilience and connectivity a

severe and permanently symptomatic patients to retain some of
the changes reported in acutely ill BD patents, such as lowering

in BDNF levels.

Conclusions

Converging evidence points to an important role of BDNF in
the neuronal plasticity changes that take place in BD. BD
patients have been reported to display amygdala enlargement
and reduced size of PFC [1351. There are some reports of
reduced hippocampal size in BD, however, such data have not
been so well established [75). Similar anatomical changes have
been reported in animal models of chronic stress 64. Thus,
mood episodes and chronic stress may share some similarities in
their effects in the brain. Both mood episodes and chronic
stress have been associated with reduced levels of BDNE In this
sense, both chronic stress and mood episodes could set in
motion the same type of detrimental changes in the brain,
Recent evidence suggests that an interaction between stress,
BDNF activity and cognitive functioning may indeed take
place in BD (36.431. Accordingly, the fact that both trauma and
chronic stress are associated with less neurotrophic activity via
BDNF is coupled with episode-induced lowering in BDNF
levels found among BD patients. Clinically, such a summation
of effects would translate into the more severe forms of BD
which have been described among BD patients with a history
of trauma [56].

The assessment of serurn BDNF levels may offer an impor-
tant tool to assess the biological findings associated with mood
episodes. BDNF assessments could also provide a means of
early identification of treatment response. Theoretically, the

fact that both depressive and manic episodes are associated
with lower BDNF levels may offer an explanatory link of
cumulative mood episodes and worse cognitive performance
28], and venricle enlargement among BD patients 24]. Thus,

re the main neuropathological findings in bipolar disorder (8D). Such findings pointto a
central role of neuroplastic changes in the pathophysiclogy of BD.

e The progression of BD from a prodromic phase into a clinically overt presentation and up to refractory cases may be related to
neuroplastic changes that occur in the context of recurrent mood episodes.

» Mood episodes and intermittent life stress would engender a brain sculpting pattern that leads patients to be more vulnerable to
environmental stress (via amygdala overactivity) and Jess competent to set in motior: the coping strategies orchestrated by the

prefrontal cortex.

Neuroplastic changes occurring in the context of BD would lead patients to be more prone to develop further episodes and to develop

interval dysthymia, cognitive impairment and psychiatric comorbidities.

offer a means to identify the activity of BD.

Serum BDNF levels are reduced in acute mood episodes and normalized in euthymia. Thus, the assessment of serum BDNF levels may

° Serum BDNF levels increase with the use of mood stabilizers and therefore may be useful in the early identification of responders to a

given intervention.

* Drugs that are able to increase BDNF levels and protect against the detrimental changes related to mood episodes and chronic stress
deserve attention as potential targets in the development of new interventions for the treatment of BD.

* The investigation of the role of neurotrophins in the cognitive decline and neuroanatomical changes that take place in BD may help to
foster the understanding of the pathophysiology of BD and help create new avenues for effective treatment and prophylaxis.
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