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2

Depression and Dementia
An Introduction to Systems Neuroscience

and Psychiatry

How will a conceptual understanding of neurosciences, genetics, epigenetics, and
gene—environment interactions help us better understand psychiatric disorders? On
the surface, current clinical diagnosis and management of psychiatric disorders may
not appear to require understanding concepts such as “the central reward system” or
“central nervous system (CNS) plasticity.” Nonetheless, we believe that psychiatrists
and other mental health professionals must be equipped with knowledge to adapt
to a changing landscape in diagnosis and treatment. Over the next several decades,
we believe that brain research will have a major impact on how we think about
psychiatric disorders and how we develop treatment strategies, aiming at more
mechanism-based therapies and rehabilitative strategies targeted toward correcting
specific defects in brain function. Thus, a firm knowledge base in the neuroscientific
underpinnings of the field will be required in order to adapt to a changing clinical
environment. This may not be obvious to current psychiatrists or students entering
the field, but it will become clear as emerging advances in neuroscience take root.

The purpose of this chapter is to describe how a conceptual understanding
of clinically relevant basic sciences, including neuroscience and genetics, will be
essential for understanding tomorrow’s diagnostic systems and treatments. For
illustrative purposes, we will focus on two groups of disorders: major depression
and the dementias. Depressive disorders are among the most common illnesses that
psychiatrists treat. Alzheimer’s disease is the most common cause of dementia and
one of the best-characterized neuropsychiatric illnesses in terms of neural mecha-
nisms. The scientific advances in understanding molecular, cellular, and systems
neuroscience mechanisms in Alzheimer’s disease are highly instructive and can lead
to better ways to conceptualize the mechanisms contributing to primary psychiatric
disorders.

SOME BASIC CONCEPTS ABOUT SYSTEMS
NEUROSCIENCE AND PSYCHIATRY

Certain evolutionarily ancient brain regions such as the amygdala and nucleus
accumbens (parts of the “limbic system”) are primarily involved in processing and
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integrating information related to emotion and motivation. These regions receive
information about our external and internal worlds and generate responses that help
us quickly assess a situation by attaching meaning to the incoming information.
Other interconnected brain regions, particularly those in the more recently evolved
areas of neocortex, are primarily involved in cognitive processing and allow us to
think consciously and to plan and execute decisions. In these examples, a collection
of specific brain regions are directly connected to each other and constantly talking
with each other, forming a brain system (or network). Some brain structures belong
to several brain systems—for instance, the hippocampus is involved in emotional
processing as well as cognitive and motivational brain systems. On the other hand,
individual brain systems do not operate in isolation. The emotional processing brain
systems, for example, require cognitive processing brain systems in order for a
person to become conscious of emotions (called “feelings” in the words of Antonio
Damasio), learn from emotions, and even control emotions via top-down processing.
Thus, emotional systems interact closely with cognitive systems that involve brain
regions such as the prefrontal cortex, parietal cortex, and temporal cortex.

In addition to the emotional and cognitive processing systems, pathways related
to reward and motivation are involved in determining and regulating a person’s
feelings and actions. People change their behaviors depending on how rewarding
a particular behavior is and the perceived costs associated with the behavior. If we
like the way something feels, we take steps to prolong that feeling. If we enjoy the
taste of a certain food, we want to eat more of it. If we do well in the stock market,
We want to continue investing in stocks. Interestingly, if we suddenly do poorly
M“hmﬂmmwnm.“no”ﬁwﬁ. Mm may r.m<m a response that mw .9: of proportion to our loss.

s are often emotionally and not cognitively driven. Bad outcomes or

mﬁ.wﬁﬂ&.gm outcomes can have a big impact on behavior and tend to trigger centers
in the BE that process negative emotions such as fear and anxiety. Sometimes this
Is appropriate and we take defensive acti

on, but at other times it is inappropriate

and leads to bad decisions and interpersonal problems e

‘H.r . . s . i

e« mnn QEwWBm .mmmonsam with clinical depression involve abnormal functioning
:ﬁw» Mﬂw ”_%n :_v:mm emotional processing, cognition, and reward. While we classify
i MM pwmﬂoom. ?.oEoB@.. it is important to realize that defects occur
pects of the mind, including cognition and motivation. When these sys-
man brain reacts with a range of symptoms that

restin everyday surroundings and activities, poor con-
tite and m_nov n_E:mmm.

nd suicidal thoughts,
few brain structures o
ddistributed multi-n

tems aren’t working in concert, the hur
caninclude sadness, decre

: ased interest j
centration and in

attention, appe!
and, at times, lack of wil] to live a
reflect abnormalities jn oneora
systems; it reflects a com plexan,
in more detail in Chapter s,
There are likely to be map
systems. Some people h

poor energy and motivation,
A depressive syndrome does not
rin one ora few neurotransmitter
etwork problem. This is discussed
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y ¢rent reasons for malfunctions in these brain
% genetic makeup that makes it h
si such people are |y
dverse life circumst

ave a
particular brain network

ard to perturb these
sion, even in the face ofa
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in such a way that even slight perturbations can lead to significant disruption and,
therefore, to changes in behavior. There is little doubt that genes contribute signifi-
cantly to the predisposition to becoming depressed. Some families have higher risks
for depression than other families. These risks may involve small effects of many
common genes or possibly larger effects of rarer genetic variants. Various factors that
disrupt brain systems are discussed in Chapter 9.

DEPRESSION

The DSM-IV diagnosis “major depression” refers to a broad and heterogeneous
category of disorders and is a term that is somewhat parallel to the term “cancer”
When told that a friend has cancer, we want to know what kind of cancer because
that can have a huge impact on treatment and life expectancy. Similarly, when a
patient has a history of depression, clinicians should want to know what kind of
depression, because the answer to this question has a huge impact on treatment
decisions and the likely course of the illness. Our current diagnostic system lumps many
types of dysfunction under the heading of “major depression.” While this simplifies
clinical practice, it creates major difficulties for understanding the underlying biology
of the disorders and for devising the most effective treatment strategies for individual
patients. We will give a few examples of the heterogeneity below.

Some patients with depression seem to have a “pure” form of the illness—a type
of depression that runs in their families and seems to be independent of other
psychiatric illnesses or major environmental stressors. A young adult with this type
of “pure” depression may experience the onset of severe depressive symptoms over
a period of several weeks that interfere with school, work, and relationships. This
person’s family history may reveal a similar illness in close family members who
might each have responded well to the same therapeutic approach—for example,
bupropion in combination with cognitive behavioral therapy. In such cases, it is ES_N
that the patient will respond to the same treatment as well. The particular group of
genes that this person inherited may result in fragility in the smooth functioning of
the neural systems involved in emotional processing and mood regulation. _.: theory,
bupropion and psychotherapy help to re-establish healthy activity, connectivity, and
interactions of these systems, leading to clinical improvement. :

There are data strongly suggesting that individuals with :#.u,n.._iﬁ.m of highly
familial major depressive disorders have significant changes in brain structure n:&
function. For example, a recent study by Brad Peterson and colleagues at n.o_savz
University demonstrated that there is substantial thinning A_scq._.. :.:.: 25% thin-
ning) in certain areas of the right parietal cortexin persons zromﬁ. B..:.__n,,. 7,36 mul-
tigenerational major depression. This right-sided cortical thinning in mqnuv, involved
in cognition correlated with problems in focusing attention and <qv.=p_ memory
Anomizé defects) and familial risk for depression (an emotion-based illness). d:.dn_
recent findings build upon earlier work in familial depression mnBo:w:.u.c:m structural
terior cingulate cortex that are part of an emotional

nr : F subgenual an
anges in areas of subgenu aloss of glial cells in the region. These findings

Processing network, changes thatinclude
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rmalities predisposing to depression may be

associated with significant structural changes in the brain. m:n.r .nwm._:mmm influence
the connectivity within and across specific brain &aS.Bv and it is ___8@ &2 nrm.mm
changes in connectivity contribute to risk for mood m_mo&mn. As i.m will discuss in
subsequent chapters, it is currently unclear how the changes in brain structure and
function arise and whether they are actually causal changes or the consequence of
illness, although studies in children and adolescents increasingly suggest :.z: at least
some of the brain changes antedate significant clinical symptoms. The important
point is that these changes are associated with a specific form of depression and are
not necessarily found in other forms of depression.

A different clinical scenario might involve a patient who developed cocaine
This patient was seen in the emergency room on several
e symptoms time-linked to coming off

suggest that some of the genetic abno

dependence as a teenager.
occasions with severe, short-lived depressiv
cocaine highs. Each time, his symptoms were dramatic and involved significant sui-
cidal ideation, but resolved over several hours without specific intervention. After
several years of cocaine addiction, the patient again was seen in the emergency room
with severe depressive symptoms, but this time the symptoms did not resolve as
quickly as before when he came off his high. His clinical presentation included a full
spectrum of depressive symptoms, including thoughts of suicide. He was admitted to
the hospital, but his depressive symptoms persisted for several days. With resolution
of his suicidal thoughts, the patient was transferred to a residential treatment pro-
gram for management of his chemical dependency. After 3 weeks of cocaine absti-
nence and group therapy, depressive symptoms resolved. Although he continued to
have a strong desire to use cocaine, he began to develop insight into his addiction and
the connection between his cocaine dependence and his mood symptoms. He stayed
clean for 3 months before relapsing. During those 3 months, he did not experience
depressive symptoms.

This person demonstrates two types of depressive syndromes that are every bit as
severe as the symptoms observed in the individual with familial major depression.
The earlier presentations to the emergency room resulted from pharmacologic
withdrawal from cocaine. This withdrawal acutely disrupted one or more of the
neural systems related to mood regulation; it likely involved abnormal function of
the dopamine transmitter system that is involved in motivational processing and is a
prime target for drugs of abuse like cocaine. The disruption was acute and time-
linked to the short-term effects of coming off the cocaine high. While severe, the
depressive symptoms lasted for only several hours. This syndrome would not qualify
for a diagnosis of major depression, but it does illustrate that perturbation of neural
systems can acutely cause a depression-like picture. The longer-lasting depressive
v.mn::a that occurred several years later was likely related to a longer-term dysregula-
tion n.vm the patient’s central reward system as a result of persistent cocaine dependence.
In this case, the depressive syndrome lasted several weeks but gradually resolved after
several Em.n_G of v.a:wio_d_ treatment and abstinence from cocaine.
ey dmpion by oo S G Wi

" e persistent depressive syndrome would be referred to
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as a “secondary depression.” This means that the de
the onset of an addictive disorder and thus was “
dependence. Importantly,

pression occurred subsequent to
; econdary” in time to the cocaine
. cocaine dependence was already running its course prior
to the ﬂ.uzmmﬁ of vm_.m_m.”mzﬂ mood symptoms and was thus having a significant impact
on brain networks, including those involved in mood regulation and cognition.
Note, however, that the term “secondary depression” does not imply causality; it
indicates only that the depressive syndrome occurred at some point in time after
the onset of drug abuse. In contrast, a “primary” depression is one that arises in
the absence of a preexisting psychiatric or serious medical disorder. We believe this
distinction is useful conceptually because it helps to differentiate subtypes of depres-
sion, including separating depression in the context of cocaine dependence from the
highly familial (“primary”) mood disorder described previously. This also highlights
the possibility that the neural pathways leading to depression and dysfunction may
be different. In the examples presented, the “primary” depressions likely involve
prominent changes in emotional processing systems (e.g., abnormal function and
perhaps cell loss in subgenual cingulate cortex, neocortex, and amygdala), while the
“secondary” depression occurred in the context of cocaine-induced changes in moti-
vation/reward systems. We would further argue that treatments for the different
types of depression should be tailored to the underlying brain dysfunction. Failure
to recognize this may be a contributing factor to the overall weak remission rates
observed in recent large-scale clinical effectiveness trials such as STAR'D, where
early age of onset and high psychiatric and medical comorbidity were predictors of
worse outcomes.

Although the cocaine-dependent patient’s depressive symptoms resolved, his
craving for cocaine did not, and he returned to the use of cocaine several months
after discharge from the residential treatment center. Several years later, he once
again was hospitalized for treatment of depressive symptoms and cocaine addiction.
This time, however, his depressive symptoms did not resolve after several weeks of
abstinence. After another month of treatment for his drug addiction in a residential
facility, he was able to remain abstinent for years; however, his depressive symptoms
were more persistent. Eventually, this depressive disorder responded to a combina-
tion of medications, psychotherapy, and lifestyle changes, including diet, exercise, and
abstinence from drugs. Based on what we are learning about the biology of drug addic-
tion, it is likely that this patient’s long-term substance dependence led to structural
and functional changes in his central reward system as well as in his emotional pro-
cessing and cognitive systems. Such changes required pharmacologic, psychological,
and lifestyle interventions to help the neural systems regain function.
enarios with the depressions frequently observed in indi-
aracterized by episodes of both mania and
on is likely to have abnormali-
two cases, these

Contrast these two sc
viduals with bipolar disorder, an illness ch
depression. Although a person with bipolar depressi
at overlap with those involved in the previous
chanisms that cause bipolar disorder, an illness
sents with depression and psychotic
but mood stabilizers, as

ties in brain systems th
abnormalities result from neural me
that typically runs in families and at times pre:
features. The causes of bipolar disorder are not known,
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ants, are the initial drug category of choice for treatment,

ve a mood stabilizer coupled with antipsychotic
medication and, when appropriate, talk therapy and mmcmm:”.. uvﬂcﬂrnrm impor-
tance of good sleeping habits and other routines nr.mn help circadian rhythms .#3.\ on
track. Interestingly, there is evidence that bipolar disorder tends to worsen over n.:sm
in some individuals, with more frequent episodes of illness and shorter periods
of wellness between episodes. This led Robert Post and nu:»».mcmm to w._.ov.omm that
a “kindling” or behavioral sensitization phenomenon Onnc_‘m.__: mrm.mm _dm_.«.\_mg?
and they conducted trials of anticonvulsant medications as ».::.._c:n:_:m mood
stabilizers. It also appears that conventional antidepressant medications ~..=»v.~ g.\oans
the course of bipolar disorder, leading to greater instability in some individuals.
Thus, it is likely that the brain biology of bipolar disorder differs from the depression
scenarios outlined previously. Note also that bipolar disorder is a form of “primary”
mood disorder that probably shares some, but not all, mechanisms with primary
major depression. For example, subjects with bipolar disorder have shrinkage and
cell loss in subgenual cingulate cortex, but they clearly have illness features that differ
from non-bipolar mood disorders.

These are only a few of the different “types” of depression routinely encountered
in clinical practice. Other examples include depressions arising in the context of per-
sonality disorders (e.g., borderline personality disorder or somatization disorder) or
serious medical illnesses (e.g., cardiac illnesses, cancer, or diabetes). The symptoms
of these disorders are all similar, but the underlying brain mechanisms are likely
to be different. Furthermore, appropriate treatments are likely to vary as a function
of the cause of the syndrome, not the clinical phenotype. Patients in our examples
usually experienced weeks of the symptoms listed in DSM-IV; however, the triggers
for their symptoms were different and even changed over time within the same indi-
vidual depending on other variables (e.g., the duration of cocaine abuse). From a
neuroscience perspective, clinical symptoms result from abnormal functioning of
specific brain networks. Treatments, on the other hand, fall into two broad catego-
ries: rehabilitative treatments and cause-based treatments. Rehabilitative treatments
are not specific to the etiology of the illness; they decrease symptoms by influencing
the brain in a manner that bypasses or minimizes the dysfunctional system. For

instance, certain psychotherapies teach people methods to minimize depressive
symptoms by training them to think differently. This new learning may establish or re-
establish brain circuits that promote clinical improvement. A cause-based treatment
would directly fix the broken circuitry. Current antidepressants and mood stabilizers
.»E not .Scmm.c»m& therapies. Rather, these drugs likely work by enhancing function
__“ nM”M____“hﬁmE._nco:p_ systems even Hrocm.r the primary defects in the malfunction-
“ B aren'tactually fixed. The key point we want to emphasize is that DSM-IV
major depression’ is an extremely heterogeneous set of disorders. We don't yet
ko “}2:2 the neural circuitry involved in depression is the same or different
snbbiikal &Nw:o&_.m M.“M aw_.w_h.._”dﬂﬂoﬁ_ dﬂ__ ﬁ_”:m.rnm practical m:.%_mnuzo:w for voi
. clieve that lumping all depressions

opposed to antidepress
Appropriate treatment might invol

28 Psychiatry and Clinical Neuroscience

together makes no more sense than lumping all cancers or dementing illnesses
together. To make these latter points more vivid, we will turn our attention to recent
advances in understanding the vnﬂroEo_om% of mo_.:g::m illnesses—advances that
m_‘»_urmnw__w highlight how brain network dysfunction drives clinical presentation,
while effective treatment strategies target causal molecular mechanisms. .

DEMENTIAS

Much progress has been made in ::mnanw:&:m Alzheimer’s disease. In contrast to
primary psychiatric disorders, the term “Alzheimer’s disease” refers to a specific
v»nro_omvrgmmm diagnosis that cannot yet be definitively confirmed until examina-
tion of the brain at autopsy. Thus, when Alzheimers disease is suspected clinically, it
is diagnosed as “dementia of the Alzheimer’s type” (DAT), reflecting uncertainty
about the underlying pathological process. The clinical phenotype and course of
DAT are well described, and the structural abnormalities in the brain underlying
Alzheimer’s disease are well characterized. Another well-defined dementia is known
as behavioral variant frontotemporal dementia (bvFTD). Recent studies of DAT
and bvFTD are providing information that is clarifying the relationship between
clinical presentation (phenotype) and cause (molecular mechanisms). In this section,
we will briefly review the clinical picture of both dementias. In addition, we will dis-
cuss recent information pertaining to two brain networks—the default system and
the emotional-salience system—and the ways in which these neural networks appear
to contribute to illness. Core neural systems like these are called “intrinsic connec-
tivity networks” (ICNs) by some neuroscientists, and these ICNs appear to process
specific types of information. Measuring biomarkers in individuals thought to show
indications of a dementing illness can also provide information that s likely to have
a direct impact on treatment. We believe that the information learned from clinical
phenotypes, neural systems, and causes of these two dementias has substantial
implications for understanding other psychiatric disorders. While we note that the
descriptor “ICN” i used by some by not all neuroscientists, we prefer this terminology
and will use it throughout the book. Others refer to these networks as “resting state
connectivity networks” or “functional connectivity networks.”

Dementia of the Alzheimer’s Type

DAT is characterized by gradual deterioration in many brain functions, .:n_cﬁ_-.:m
memory, thinking, executive function (decision making), learning, and personality.
Itis a disorder that becomes increasingly common with aging: about half the popu-
lation over age 85 exhibits symptoms of DAT. The brains of persons with DAT J»ﬁ
characteristic structural changes that involve the accumulation of ns.w polypeptides
(proteins): beta-amyloid and rwvm_ﬁromvroQ_ﬁ& tau. Beta-amyloid pnmc_::_pﬂmm
outside of cells and forms a visible microscopic structure called an .:3_.0& n_pn:.o.
Tau is a protein involved in the function of microtubules that are :..<o_<Mm in
the efficient trafficking of molecules within neurons. va»%ro%roi_&m tau
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e neurons and destroys their ability to transport materials from

f the cell (synaptic terminals). The accumulated tay
Both plaques and tangles eventually
mmunication. Interference with

accumulates insid
the cell body to distant parts o
forms pathological “tangles” inside neurons.
interfere with neuronal function and intercellular co
function leads to neuronal loss and the clinical symptoms of H.V>H :
Certain specific brain regions appear to be involved earlier 5.»:. others in the
course of DAT, and this information provides clues about how clinical symptoms
develop and evolve. These brain regions include the Evhonuav:& areas near .nro
hippocampus such as the entorhinal cortex, and neurons in the n._.mn:.zmcm, aregion
of neocortex located toward the back of the brain near the posterior cingulate gyrus
(see Appendix for structural brain maps that indicate the anatomical location of these
areas). These structures overlap with brain regions that make up a neural network
called the “default” system, which is a collection of broadly distributed brain regions
that are functionally connected. Using neuroimaging techniques such as positron
emission tomography (PET) or functional magnetic resonance imaging (fMRI),
investigators have shown that brain activity in each of the structures involved in
the default system correlates highly with each other (Fig. 2-1 and Table 2-1). This
default ICN is most active when a person isn’t focusing on a particular task (hence
the name “default” network). At such times, structures in the default system are
all humming together in correlated activity and processing largely internal (intra-
self) information, including memories, emotions, and overall state of well-being
(Table 2-2). Interestingly, the default system uses a lot of energy when other regions
of the brain are “resting,” and the regions of the default ICN are among the most
energy-demanding areas in the human brain. It appears that the heavy energy
demand in the default system makes these brain regions particularly susceptible
to the earliest damage in DAT. Furthermore, there is evidence that the demands of
ongoing synaptic activity may be a key factor rendering these regions vulnerable
to amyloid deposition, and current thinking highlights synaptic dysfunction as a

RSpC

Figure 2-1 Key nodes of the default mode network. The figure depicts key structures involved in the

m».m.:: mode network as defined by Marc Raichle, Randy Buckner, and others. The highlighted

regions Sn,__._m... the _p:..q.-_ temporal cortex (LTC), inferior parietal lobule (IPL), precuneus,

EB%_E“..._ cortex (RSpC), posterior cingulate cortex (PCC), dorsomedial PFC (dmPEC)

vent i d g i . :

ZM“”_M”—MT”H“”” (vmPFC), and medial temporal lobe (MTL), including the hippocampus. The lines
J reconstructions indicate the approximate locati is s i i ic

image. ;Q..v:i from Damasio, 2005, with permission,) i bl iy ot
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Table 2-1 Default Network: Key Structures

Medial temporal lobe
Hippocampus
Entorhinal and parahippocampal cortex
Lateral temporal cortex
Dorsomedial prefrontal cortex
Ventromedial prefrontal cortex
Posterior cingulate, precuneus, and retrosplenial cortex
Inferior parictal lobule

prime driver in the pathogenesis of Alzheimer’s disease. The key pointis that the regions
involved early in DAT appear to be the same regions involved in a specific brain net-
work. It is logical to propose that malfunction of this network drives at least the early
clinical manifestations of DAT. A principle evolving from this work is that when dys-
function/degeneration occurs within a specific network, it tends to spread within
the network, perhaps as a result of coordinated neural activity within the system.

Behavioral Variant Frontotemporal Dementia

bvFTD is much less common than DAT. It also tends to occur in younger people,
with age of onset typically between 50 and 60 years. The most obvious symptoms
involve profound changes in social behavior. For example, a well-mannered person
may gradually demonstrate behaviors that are grossly inappropriate, like telling
obscene jokes in public settings or becoming overly friendly and even sexually inap-
propriate with strangers. These new-onset behaviors are embarrassing to family and
friends but are not usually recognized by the individual. Other changes may accom-
pany these inappropriate behaviors, including changes in eating habits, sex drive,
and speech. Cognitive tasks become more difficult, and changes in memory and
thinking similar to those found in persons with DAT develop.

Arecent report by William Seeley and colleagues suggested that the brains of, people
with byFTD demonstrate a breakdown in a specific ICN known as the “emotional-
salience system” (Table 2-3 and Fig. 2-2). This system involves several limbic and corti-
cal brain regions that help to process emotions and meaning (Table 2-4). The cause

Table 2-2 Default Network: Internally Focused Functions

Autobiographical memories
Encoding and retrieval
Mood and motivation state
Mental simulations
“Remembering” the future
Social interactions
Conceiving perspectives of others (theory of mind)
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Table 2-3 Emotional-Salience Network: Key Structures

Frontal and anterior insula cortex
Anterior cingulate cortex
Orbital fronto-insular cortex
Frontopolar cortex
Temporal polar cortex
Extended amygdala
Ventral striatopallidum
Ventral tegmental area/substantia nigra
Hypothalamus and periaqueductal gray

of the breakdown in the emotional-salience system may involve abnormalities in
specific proteins. These include a protein called TDP-43 (TAR DNA-binding pro-
tein 43), another that is an abnormal form of tau, and yet another called FUS (fused
in sarcoma). The form of tau involved in bvFTD differs from the hyperphosphory-
lated tau seen in DAT. It is important to note, however, that on rare occasions, the
protein abnormalities associated with DAT, leading to the formation of plaques and
tangles, can cause the clinical syndrome of bvFTD. This suggests that amyloid and
hyperphosphorylated tau can, in some individuals, selectively attack the emotional-
salience system instead of the default system. Interestingly, such patients have a

Figure 2- : ;
gure 2-2 Key nodes of the emotional-salience system. The figure depicts key structures involved

th ional-salie
._“n_“_””ﬂrn”..“o-“p_ .2_:..:2 network as defined by William Seeley and colleagues. Highlighted regions
pii :—.ﬁw. M“_ca.m:“m:_.—:.. cortex (ACC), insular cortex, frontopolar cortex (FPC), temporal polar
» amygdala, periaqueductal gray area (PAG), and ventral tegmental area (VTA). The lines

through the brain reconstructions indicate the a roximate locations that are shown in the ﬂ.dﬁ__a._cm._h
g L 10ns i the Pp: i
h t i
Images. ﬁgn_:n& from _U.—:Em..a. Nccm. with permission v
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Table 2-4 Emotional-Salience Network Function

Conflict monitoring

Interoceptive awareness

Autonomic nervous system processing
Reward processing

clinical syndrome that is indistinguishable from byFTD caused by TDP-43, FUS, or the
non-DAT form of tau. Why would the emotional-salience system be more vulnerable
to plaque and ﬂ.msm_m pathology in some individuals (resulting in byFTD) while the
default system is more vulnerable in other individuals (resultingin DAT)? We don’t
yet know, but a key finding seems to be that once pathology attacks a particular ICN,,
it seems to percolate throughout that ICN and lead to characteristic clinical features
that reflect the function of the ICN.

Importantly, in both DAT and bvFTD, the phenotype of the dementia (i.e., the
clinical manifestation of the disorder) appears to be defined by the specific neural
networks that are being disrupted. The clinical phenotype does not always define
the biochemical cause of that disruption. Most but not all persons with DAT have
amyloid plaque and tau tangle pathology. There are now brain-imaging techniques
that are able to demonstrate amyloid accumulation in humans during life (using
Pittsburgh Compound B [PIB] to label amyloid, for example), and this work has the
potential to allow earlier identification of individuals at high risk for DAT and per-
haps early intervention. Studies using PIB are already demonstrating changes in
resting-state default-mode connectivity in elderly individuals who are cognitively
normal. How and whether these early changes drive a progression to dementia will
be an important consideration going forward. In addition, DAT appears to be asso-
ciated with decreased levels of amyloid and increased levels of tau in cerebrospinal
fluid (CSF), changes that can be assessed by lumbar puncture, a relatively simple
clinical procedure. These changes, like amyloid deposition in the brain, may occur
prior to the onset of clinical symptoms. We are not far away from the time when
physicians will be able to use imaging procedures and CSF biomarker studies to
determine whether a phenotypic DAT is associated with amyloid plaques in the
brain and diminished CSF amyloid. This information will allow physicians to deter-
mine whether an individual’s DAT is likely caused by amyloid and abnormal tau.
When such changes are identified prior to any symptoms, it may be possible to delay
or prevent the development of clinical DAT. In fact, treatments are currently being
tested that are directed at eliminating the initial accumulation of pathological levels
of amyloid (i.e., the proposed cause of the disorder). If amyloid accumulation is the
proximal cause of the destruction of the default system (something that is still not
certain), then the clinical manifestations of the illness may be halted or perhaps o<e.=
prevented by decreasing amyloid formation or by increasing its m_mawsu:o:. This
cause-based mechanistic treatment s in contrast to current symptomatic treatments
for DAT. Support and education can help families and patients handle the illness
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Cholinesterase inhibitors may influence

— f rehabilitative treatment.
better—a form o o

one brain system that allows for short-term mg_&:Szo:. ;
medications certainly do not treat the actual cause of the disorder.
It should also be possible to apply imaging and biomarker procedures to people

with bvETD and use the results as the basis for rational treatments. For example, ifa

patient with byETD shows amyloid plaques on imaging and decreased amyloid in

the CSE, it is likely that the etiology of that patient’s bvFTD m.m waw_o.a._u»mnn_ m:mnnu.m
of being caused by the other proteins more typically mmmon._nﬁmm with .v<m,5u. ..d.__m
would suggest that anti-amyloid therapy would be helpful in this v»_‘cn:_u.n patient
with bvETD, something that could not have been predicted on the basis of the
clinical picture alone. In this example, the clinical phenotype would v».c&ﬁ.p
however, the imaging and biomarker modifiers would suggest that the etiology of
this particular case of byFTD involves amyloid and hyperphosphorylated tau.
Eventually, it may be possible to measure levels of other abnormal proteins in CSF
or plasma, such as TDP-43. With such measurements, physicians will have a more
specific understanding of the cause of the clinical syndrome. The clinical phenotype
predicts the current and future clinical course of the illness, but the biomarker data
suggest the underlying pathology.

Will these types of advances ever be applicable to the depressive disorders or
other psychiatric illnesses? We clearly know the clinical phenotype in depression.
As more is learned about the different causes of depression, we should be able to be
more specific in terms of treatments. Akin to DAT and bvFTD, the clinical pheno-
type will be determined by the specific brain networks involved in the primary
pathophysiology, while the cellular, synaptic, and molecular mechanisms leading
to abnormal function will likely be the targets for specific treatment approaches.
One can also imagine that specific rehabilitative efforts (i.e., behavioral, lifestyle, and
psychotherapeutic strategies) could be directed toward restoring function in the
disrupted brain networks involved.

Similarly, progress in understanding DAT and bvFTD should lead to optimism
about understanding disorders such as schizophrenia and bipolar disorder. For
physicians to understand the clinical ramifications of this progress, we suggest that
psychiatrists and mental health professionals must understand the neuroscience

underlying these advances. We will continue to develop this theme throughout
this book.

Points to Remember

The clinical phenotype (i.e., signs and symptoms of a disorder) reflects the
nature of the neural networks that are involved in the illness.

There are many causes of dysfunction in specific neural networks. Borrowing
mn.o:_ advances in the dementing illnesses, it appears that specific clinical
disorders and pathology can attack specific brain systems, The reason that

ET! Psychiatry and Clinical Neuroscience

certain brain systems are vulnerable to attack is not yet clear. Networks with
high activity and high energy utilization may be
illnesses like DAT.
The more specific the knowledge of a particular cellular and molecular cause,
the more specific the pharmacologic treatment can be. :
Understanding basic principles of neural networks, molecular sciences, and clinical
diagnoses will be essential for keeping up to date with specific treatments.

particularly vulnerable in

SUGGESTED READINGS

Buckner, R. L., Andrews-Hanna, J. R., & Schacter, D. L. (2008). The brain’s default network:
anatomy, function and relevance to disease. Annals of the New York Academy of Science, 1124,
1-38.

Kertesz, A. (2008). Frontotemporal dementia: A topical review. Cognitive and Behavioral
Neurology, 21, 127-133.

Koob, G. E, & Volkow, N. D. (2010). Neurocircuitry of addiction. Neuropsychopharmacology
Reviews, 35,217-238.

Morris, J. C. (2006). Alzheimer’s disease and mild cognitive impairment. In J. C. Morris,
J. E. Galvin, & D. M. Holtzman (Eds.), Handbook of dementing illnesses (2nd ed., pp. 191-208).
New York: Taylor & Francis.

Morris, J. C. (2006). Dementia update 2006. In J. C. Morris, J. E. Galvin, & D. M. Holtzman
(Eds.), Handbook of dementing illnesses (2nd ed., pp. 475-503). New York: Taylor & Francis.

Price,]. L., & Drevets,W.C. (2010). Neurocircuitry of mood disorders. Neuropsychopharmacology
Reviews, 35, 192-216.

Rabinovici, G. D. & Miller, B. L. (2010). Frontotemporal lobar degeneration: Epidemiology,
pathophysiology, diagnosis and management. CNS Drugs, 24, 375-398.

Seeley, W.W,, Crawford, R.K.,Zhou, ., Miller, B. L., & Greicius, M.D. (2009). Neurodegenerative
diseases target large-scale human brain networks. Neuron, 62, 42-52.

OTHER REFERENCES

American Psychiatric Association. (1994). Diagnostic and statistical manual of mental disorders
(4thed.). Washington, DC: American Psychiatric Association.

Buckner, R. L., Sepulcre, J,, Talukdar, T,, Krienen, .F. M,, Liu, H., Hedden, T, et al. (2009).
Cortical hubs revealed by intrinsic functional connectivity: Mapping, assessment of stability,
and relation to Alzheimer’s disease. Journal of Neuroscience, 29, 1860-1873.

Buckner, R. L., Snyder, A. Z., Shannon, B. ], LaRossa, G., Sachs, R, Fotenos, A. F, et al. (2005).
rization of Alzheimer’s disease: Evidence for

Molecular, structural and functional characte
memory. Journal of Neuroscience, 25

a relationship between default activity, amyloid and
7709-7717.
O_.pmm.Mnr,—v:o. R, Fagan, A.M,,
Neurobiology of Discase, 35, 1288-1140.
Damasio, A. (1999). The feeling of what happens:
San Diego, CA: Harcourt.

& Holtzman, D. M. (2009). Biomarkers of Alzheimer’s disease.

Body and emotion in the making of consciousness.

Depression and Dementia 35




