
activations in the striatum and insula
correlated with food craving in obese
but not lean individuals. Together,
these findings suggest important differ-
ences in obese and lean individuals
with respect to activation patterns in
motivational neurocircuitry that may
promote eating behaviors.
Importantly, metabolic measures

were also collected. Brain activations
during all three conditions correlated
with a homeostatic measure of insulin
resistance (HOMA-IR) in obese but
not lean individuals in regions includ-
ing the insula, inferior frontal gyrus,
striatum, and thalamus. Furthermore,
regional brain activations (eg, in the
thalamus during the favorite-food cue
condition and striatum and insula
during the stress condition—Figure 1)
were found to mediate the relationship
between HOMA-IR and food craving in
obese (but not lean) individuals. These
findings suggest that interventions that
target motivations rather than energy
balance per se may be particularly
relevant to combating obesity in the
current environment.
The current study helps integrate

findings from multiple disciplines.
Such integrative research may help
address current debates about how
best to conceptualize and treat obesity
and ultimately lead to improved treat-
ment strategies. Additionally, identify-
ing clinically relevant subgroups with
obesity (eg, those with binge-eating
disorder, a condition hypothesized
to show particular similarities with
addictions (Gearhardt et al, 2011b),
including in brain activations relating
to reward processing (Balodis et al,
2013)), may help resolve current
debates and target interventions.
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Targeting Emotion
Circuits with Deep Brain
Stimulation in Refractory
Anorexia Nervosa

There is an urgent need to develop

novel therapies for patients with ano-

rexia nervosa (AN). A condition that

is heterogeneous, highly resistant to

treatment, and associated with strik-

ing rates of morbidity and mortality,

few therapeutic advances specifically

for AN have been made in the past 150

years. A re-orientation in the last two

decades toward neuroscientific expla-

nations for AN offers hope that an

increased understanding of the illness’

neural roots will lead to better treat-

ments (Kaye et al, 2009).
Deep brain stimulation (DBS) is

a neurosurgical procedure that tar-
gets critical nodes in dysfunctional
neural circuits driving pathological
behaviors (Lozano and Lipsman,
2013; Mayberg et al, 2005). DBS’
efficacy in disorders like Parkinson’s
Disease has driven its investigation
in other circuit-based conditions,
including major depression (Lozano
and Lipsman, 2013). Several factors
led us to consider DBS in refrac-
tory AN. First, the primarily limbic
structures implicated in the disorder,
largely by functional neuroimaging,
are consistent with the clinical obser-
vations that AN is predominantly a
disorder of emotional processing.
Further, the ability of DBS to safely
and effectively access limbic nodes in
mood- and anxiety-related circuits
suggested that it could be applied to
AN, a disorder marked by high rates
of depressed mood and affective
dysregulation.
The subcallosal cingulate (SCC) has

a key role in modulating emotional
states and projects cortically, to med-
ial- and orbitofrontal cortex, as
well as subcortically to nucleus ac-
cumbens. Our group has also shown
that SCC neurons participate directly
in emotion processing, responding
preferentially to affective-laden stimuli
and decisions (Lipsman et al, 2013a).
The SCC is thus both structurally and
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functionally integrated into emotion
pathways, and its activity linked to
disorders of emotion.
Our initial experience in a small

group of treatment-refractory patients
(N¼ 6; average age: 38 years; average
illness duration: 18 years) showed DBS
to be reasonably safe in AN, and
associated with improvements in co-
morbid mood and anxiety symptoms
(Lipsman et al, 2013b). These results
were maintained during 6 months of
clinical follow-up, with significant re-
ductions in depressed mood and anxi-
ety translating, over time, into increases
in BMI (Figure 1). Although time spent
on eating- and weight-related preoccu-
pations and rituals did decrease
(Lipsman et al, 2013b), we believe the
primary effect of DBS was an improved
utilization of conventional AN treat-
ment as a result of improved mood and
affective regulation.
The influence of focal stimulation on

global cerebral metabolism can be
investigated with functional imaging,
such as positron emission tomo-
graphy (PET; Figure 2). PET studies in
both AN and depression patients have
shown significant network-wide changes
in glucose utilization with DBS of the
SCC. For example, after 6 months of
DBS, both patient groups see signifi-
cant activity reductions in the SCC and
insula, as well as significant activity
increases in the parietal lobe (Lipsman
et al, 2013b; Mayberg et al, 2005). In
AN, this change in parietal activity
constitutes an effective reversal of
known baseline parietal hypometabo-
lism seen in acutely ill AN patients
(Delvenne et al, 1996). These results
confirm that although DBS is a focal,
targeted therapy, it can influence me-
tabolism in remote regions, and that
AN-relevant structures, such as those
governing mood, emotion regulation,
and body perception, can be modu-
lated by SCC stimulation.
Determining the potential role of

DBS in the AN treatment algorithm
will await the results of larger, sham-
stimulation trials. It is clear, however,
that the condition’s physical and
emotional symptoms are inextricably
linked, and novel treatment strategies
will need to address both in equal

measure, to offer patients hope for a
meaningful and enduring recovery.
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each study time point (1 month, 3 months, and 6 months). At 6 months post-DBS, the cohort
experienced a mean 12% increase in BMI and a 40% reduction in depression ratings. BMI, body
mass index; HAMD, Hamilton Depression Rating Scale.

Figure 2. Three-dimensional rendering of composite cerebral metabolic changes in six patients
who underwent deep brain stimulation of subcallosal cingulum for anorexia nervosa. Red indicates
areas of increased activity following 6 months of stimulation compared with baseline, and blue
indicates areas of decreased activity compared with baseline. Parietal regions, which are
hypometabolic in AN patients, saw significant activity increases with chronic stimulation, and
prefrontal areas, including the subcallosal cingulate, saw activity decreases.
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Proteomic Biomarkers
for Brain Disorders:
Technical
Considerations and
Challenges

Proteomic technologies are being used
to identify fluid-based biomarkers for
detection, progression, and thera-
peutic response in brain disorders.
This commentary focuses on the tech-
nical obstacles and challenges invol-
ved in the discovery, evaluation, and
validation of such markers.
Following the initial excitement in

the mid-90s that proteomics would
yield definitive blood patterns to char-
acterize tumor types, the proteome was
explored in brain disorders, using
cerebrospinal fluid (CSF) and plasma,
with the expectation that these bio-
fluids would reflect disease state and
evidence of drug action. Conflicting
results from a decade of studies and an
international Human Proteome Project
(http://www.thehpp.org/) highlight the
need to revisit basic principles: stan-
dardization of protocols and sample
collection, reproducibility of technol-
ogy platforms (Mattsson et al, 2013)
and controlling for false positives.
The Neuroscience Steering Commit-

tee of the Biomarkers Consortium
(http://www.biomarkersconsortium.org/)
undertook a proteomic analysis of
plasma and CSF samples collected in
the Alzheimer’s Disease Neuroimaging
(ADNI) study. A multiplex Luminex-
based immunoassay panel was used to
analyze plasma and CSF samples from
AD, mild cognitively impaired and
control subjects at baseline and 1 year.
Several markers differentiated patients
from controls; three proteins were

consistent with earlier CSF studies,
supporting the potential of plasma
markers as a screening tool (Soares
et al, 2012). Unfortunately, variability
in inter-assay performance can lead to
nonreplicable findings. CSF findings
from the same ADNI subjects using a
subset of the same multiplex panel,
replicated only a few previously repor-
ted protein differences (Siuciak et al,
2012). Comparisons of plasma vs CSF
profiles using the same platform make
clear that only in a few instances are
analytes sufficiently correlated to allow
the use of plasma as a proxy for CSF
(Potter et al, 2012). Thus, even with the
ADNI studies, where standardized sam-
ple and proteomic protocols were used,
variation in specific multiplex immu-
noassay analyte findings limits the
interpretation of the results.
An emerging strategy views broad

proteomic profiling of samples as
‘exploratory’ to be followed by highly
sensitive, specific and reproducible
assays targeted to one or more specific
analytes. At the current stage of deve-
lopment, no multiplex immunoassay-
based approaches that target 410
analytes have proved sufficiently
sensitive to detect beta-amyloid and
tau in CSF at the level achieved when
optimizing conditions to simulta-
neously measure these analytes (Kang
et al, 2012). Mass spectrometric-based
assays offer an unbiased discovery
approach (Craft et al, 2013); studies
are underway with the same CSF ADNI
samples allowing for a unique con-
trast to the multiplex immunoassay
approach. Informatics and pathway
analysis approaches can also be used
to analyze proteomic data, but there is
a tension between application of such
methodologies and reproducibility of
measures within a proteomic platform.
High costs (4$500 per sample) and
limited aliquots (especially for CSF) are
factors to consider in further attempts
to replicate or rule out findings, which
if true, could prove important.
To realize the potential of proteo-

mics, it is critical to understand
the limitations of the technology plat-
forms (eg, its analytical performance—
sensitivity, specificity, precision, sta-
bility, and reproducibility) and set

standards for replication and verification
of assay findings to advance promising
markers to clinical application. In
December of 2013, the Biomarkers
Consortium will sponsor a workshop
(https://www.signup4.net/public/ap.aspx?
EID=CSFP11E&TID=WhpjeshOarRyJD
UAXwZjKg%3d%3d) focused on char-
acterizing the CSF proteome and
developing guidelines for use of tech-
nologies platforms to better identify
reliable markers of brain disease.
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