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1. Psychostimulant Treatment of Age-related Cognitive Decline:
Attention Enhancing Effects of Methylphenidate are Reduced in
Senescent Rats

Barry D. Waterhouse*, Richard Chu, Jed S. Shumsky,

Shevon E. Nicholson

Drexel University College of Medicine, Philadelphia, USA

Background: Background: Methylphenidate (MPH) - Ritalin®), a
psychostimulant that blocks reuptake of synaptically released
norepinephrine and dopamine in the brain, is used clinically to
treat a variety of disorders where cognitive function is compro-
mised. The drug is also gaining popularity among healthy
individuals for its ability to promote wakefulness, focus atten-
tion, and improve concentration. Elderly individuals may be
particularly prone to use MPH, but the efficacy of the drug
for cognitive enhancement in senescent individuals has not
been demonstrated. Studies in our laboratory have focused
on the actions of MPH in normal, adult male Sprague Dawley
rats (3-6 months old) and have determined that low dose MPH
(6.0-8.0mg/kg oral) enhances performance in a visually-guided
sustained attention task (modified from McGaughy and Sarter,
1995) and in an attention set-shifting task (modified from Birrell
and Brown, 2000). We hypothesized that low dose MPH would also
improve vigilance task and set-shifting task performance in aged
animals.

Methods: Methods: Adult (3-6 months) and aged (18-22 months)
male Fischer 344 rats were given MPH (2.0-12.0 mg/kg oral), and
their dose-dependent performance was tested in both the sustained
attention task and a locomotor activity chamber. Adult and aged
rats were also given 8.0 mg/kg oral MPH and tested in the attention
set-shifting task.

Results: Results: The results indicate that oral MPH (6.0-8.0 mg/
kg) improves vigilance and set shifting task performance in adult
Fischer 344 males; but there is no improvement in task
performance in the aged animals from this strain. Aged Fischer
344 rats also demonstrated increased motor side effects as a result
of MPH administration (8.0-12.0 mg/kg). Similar results have been
obtained in preliminary studies of MPH action and attention set
shifting in adult vs. aged male Sprague-Dawley rats.

Discussion: Discussion: Taken together these outcomes suggest
that use of MPH for cognitive enhancement in elderly individuals
may be both ineffective and likely to produce untoward motor side
effects. Future investigations will explore the basis for MPH’s lack of
efficacy in the aging brain, but an initial postulate focuses on age-
related loss of catecholamine neurons and reduced forebrain
projections from locus coeruleus and ventral tegmental areas in
senescent animals. Support: NIH NIDA DAoiy960, NIMH
MHo87921.

Disclosure: B. Waterhouse: None. R. Chu: None. J. Shumsky:
None. S. Nicholson: None.

2. Using Translatable Human Biomarkers to Assess Clinical
Relevance of Mouse Models of Obsessive Compulsive Disorder
Susanne E. Ahmari*, Victoria B. Risbrough, Lauren Leotti, Cara
Malapani, Edward E. Smith, Mark A. Geyer, Rene Hen, H. Blair Simpson

Columbia University, New York, USA

Background: Though Obsessive Compulsive Disorder (OCD)
is one of the most disabling and chronic psychiatric disorders,
with 2-3% lifetime prevalence, the pathophysiology remains
unclear. This is partly because it is difficult to make OCD mouse
models that recapitulate symptoms in multiple cognitive, beha-
vioral, and emotional domains: obsessive thoughts; compulsive
behaviors; and anxiety. To develop new OCD mouse models that
may recapitulate more than one symptom domain, we are using an
optogenetic approach to modulate activity in specific OCD-
relevant brain circuits. To validate the clinical relevance of these
mouse models, we are performing parallel studies in OCD patients
to identify translatable biomarkers that correlate with OCD
symptoms.

Methods: Humans: 22 unmedicated OCD subjects and matched
healthy controls were tested in prepulse inhibition (PPI) and
Stop Signal Reaction Time (SSRT) task. Clinical measures
were obtained at time of testing (YBOCS, OCI-R, HAM-D,
YGTSS, STA-I, ASI). Mice: Optogenetic techniques were used to
stimulate corticostriatal pathways; anxiety and repetitive beha-
viors were measured with open field and elevated plus maze
paradigms.

Results: Humans: Repeated measures ANOVA indicated that
PPI was impaired in unmedicated OCD subjects (p<.o15). OCD
subjects with a history of tics (n=3) had significantly lower
percent PPI than OCD patients without a history of tics (p <.045).
OCD subjects’ ability to inhibit behavioral responses had a
non-statistically significant improvement compared to matched
controls (i.e. decreased SSRT; p<.08), accompanied by an
overall slower reaction time in OCD patients and increased
accuracy.

Mice: We have developed optogenetic technology that enables
selective stimulation of cortico-striatal-thalamic circuits impli-
cated in OCD. Preliminary results indicate that selective stimula-
tion of projections from orbitofrontal cortex (OFC) to striatum
leads to repetitive behaviors, but does not change anxiety levels.
Discussion: We have demonstrated abnormalities in two transla-
table neurocognitive tasks (PPI, SSRT) in unmedicated OCD
patients vs matched healthy controls. 1) Our human results
confirm that PPI abnormalities are seen in OCD subjects, and
support use of PPI to help validate OCD mouse models. 2) Though
we also see abnormalities in the SSRT, our findings run counter to
the published literature (i.e. we see improved inhibition in OCD
subjects); this result can be reconciled by our finding that OCD
patients sacrificed speed on the task in favor of improving overall
accuracy (i.e. the speed-accuracy tradeoff). This response profile
suggests caution in using this task as a reliable translatable
biomarker. 3) Preliminary optogenetic results in mice demonstrate
that selective stimulation of OFC-striatal circuits may recapitulate
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some OCD-relevant behaviors (repetitive movements), but not
others (anxiety). 4) Identification of additional reliable translatable
biomarkers will increase our ability to validate mouse models that
can be used to dissect molecular substrates underlying OCD
pathophysiology.

Disclosure: S. Ahmari: None. V. Risbrough: Part 1: Arena,
Cenomed, Ferring Pharmaceuticals. L. Leotti: None. C. Malapani:
None. E. Smith: None. M. Geyer: Part 1: Acadia, Abbott, Addex,
Cerca Insights, Merck, Omeros, Sepracor, Takeda, and Teva.
Equity interest in San Diego Instruments, Inc., Part 2: Omeros -
consulting San Diego Instruments - Equity interest, Part 4:
Johnson & Johnson, IntraCellular Therapeutics. R. Hen: Part 1:
Dr. René Hen receives compensation as a consultant for
BrainCells, Inc., PsychoGenics Inc.,, Memory Pharmaceuticals,
Roche, Astra Zeneca, and Lundbeck., Part 4: Astra Zeneca. H.
Simpson: Part 1: Janssen Pharmaceuticals, Pfizer Inc., Neuropharm
Ltd, Transcept Pharmaceuticals, Part 4: Neuropharm Ltd, Trans-
cept Pharmaceuticals.

3. Repeated Psychological Trauma Causes Enduring
Corticotropin-Releasing Factor-Dependent Sensitization of
Basolateral Amygdala Noradrenergic Systems: A Substrate for
PTSD-like Startle and Sensorimotor Gating Abnormalities?
Vaishali P. Bakshi*, Abha K. Rajbhandari

University of Wisconsin School of Medicine and Public Health,
Madison, USA

Background: Prepulse inhibition (PPI), a measure of preatten-
tional sensorimotor gating mechanisms that are deficient in
numerous psychiatric illnesses, refers to the diminution of startle
responses when weak prestimuli immediately precede the startling
stimulus. PPI is a reliable and reproducible paradigm with which
to measure in humans and model in animals the information-
filtering deficits seen in schizophrenia and posttraumatic stress
disorder (PTSD), and as such has the potential to elucidate basic
neurobiological mechanisms that may contribute to these illnesses.
Stress is involved in schizophrenia, in which symptom relapse can
occur following major life stressors, and PTSD, which is triggered
by intense stress that is perceived of as potentially life-threatening.
Yet surprisingly, stress-induced effects on PPI are not well
characterized, particularly using animal models that capture the
unique sequelae of psychological trauma. Such information could
be very important in understanding the neural substrates involved
in the exacerbation of these illnesses by stress. Two systems
involved in stress are corticotropin-releasing-factor (CRF) and
norepinephrine (NE), each of which is implicated in PPI and is
highly expressed within stress-responsive sites like the amygdala.
Whether these systems interact or participate in stress-induced
PPI effects via this site has not been explored.

Methods: Using predator stress (rat in protective cage within
ferret’s homecage for 5min), we determined if repeated stress
altered the functioning of amygdala CRF and NE systems in a way
that would promote deficient PPI. First, separate groups of male
Sprague Dawley rats received CRF (200 ng), NE (20 pug), or vehicle
into basolateral (BLA) or central amygdala (CeA) on 3 test days;
vehicle- and CRF-treated rats were challenged subsequently with a
subthreshold dose of NE (o.3pg) and NE-treated rats were
challenged with CRF. PPI was measured after each infusion.
Another group underwent the same regimen, but instead of
infusions got 3 exposures to predator stress and was challenged
with intra-BLA NE (0.3 ug) or a subthreshold dose of yohimbine.
Additional groups underwent the same repeated ferret protocol,
but received intra-BLA infusion of the CRF1 receptor antagonist
NBI27914 (1pg) either just before or 3omin after each ferret
exposure, or just before the intra-BLA NE challenge. Finally,
additional groups were exposed to the repeated ferret regimen
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(without drugs) and then challenged with 30 g of either the o1 NE
agonist phenylephrine or the B agonist isoproterenol in the BLA.
Results: Intra-BLA CRF had no effect acutely, however repeated
infusions caused a profound PPI deficit (P <0.05) in response to
subsequent intra-BLA infusion of a low, subthreshold dose of NE.
This NE sensitization was also seen in rats exposed to predator
stress (P<o0.01). Repeated predator stress also enhanced startle
reactivity to low-dose intra-BLA NE (P<o0.01), but this effect
emerged later than the sensitization to PPI deficits. NE system
hypersensitivity was evident even 28d after stress termination
when a subthreshold dose of systemic yohimbine disrupted PPI in
predator-exposed rats (P <o0.05). This phenomenon was specific to
BLA, as intra-CeA infusions had no effect, and was unique to CRF-
receptor stimulation, since repeated BLA NE produced neither
homotypic nor heterotypic sensitization. Intra-BLA NBI27914
completely blocked predator-stress-induced effects when the
CRF1 antagonist was given prior to stress, but not when given
3omin post-stress or immediately before the intra-BLA NE
challenge. Finally, simultaneous stimulation of o1 and P receptors
is necessary to disrupt PPI via BLA in non-stress-exposed rats, but
after repeated predator stress, stimulation of either receptor on its
own was sufficient (P <o.01).

Discussion: Repeated stress exposure using a rodent analog of
what may be experienced as potentially life-threatening psycholo-
gical trauma leads to long-lasting plasticity of BLA systems such
that subthreshold NE levels in this site are now capable of
disrupting PPI and elevating startle long after the stress has ended.
BLA CRF1 receptors are necessary for the development but not the
expression of this enduring stress-induced neuroadaptation, which
may involve a functional ‘uncoupling’ of ou and B NE receptors
that promotes enhanced sensitivity to low-level stimulation. Given
the major role of intense emotional stress in schizophrenia and
PTSD symptoms, these findings could indicate a possible neural
substrate underlying the deficient sensorimotor gating and
stimulus hyperreactivity associated with these illnesses.
Disclosure: V. Bakshi: None. A. Rajbhandari: None.

4. Rapid Tryptophan Depletion Moja-De decreases Serotonergic
Function and influences Anxiety-Like Behavior in a Strain-
Selective Way in Mice

Caroline Sarah Biskup*, Andrew Arrant, Amanda Day,

Cynthia Kuhn, Florian Daniel Zepf

Department of Child and Adolescent Psychiatry, Psychosomatics
and Psychotherapy, RWTH Aachen University, Aachen, Germany

Background: Rapid tryptophan depletion (RTD) is a method of
decreasing plasma levels of tryptophan (TRP) and is widely used in
neuropsychiatric and pharmacological research to temporarily
suppress serotonergic function in the human brain. Common side-
effects of RTD are vomiting and nausea, but a new RTD protocol
(RTD Moja-De) with a body weight-adapted administration and
modified amino acid (AA) composition has proven to have better
tolerance. The purpose of the present investigation was to
determine if RTD, using this improved mixture, would suppress
central nervous serotonin (5-HT) function in vulnerable but not
resistant mouse strains. We tested Moja-De in Cs7 BL/6] (Cs7)
mice, which have been reported to be resistant to the effects
of RTD and BALB/cJ] mice (BALBc) which have a mutation in
TPH2 which lowers their baseline 5-HT synthesis and would
be predicted to exhibit an exaggerated response to RTD. We
hypothesized that Moja-De would significantly lower brain 5-HT
synthesis and serotonergic activity, without affecting dopamine or
norepinephrine.

Methods: Mice were treated with two doses of 2g AAs/kg BW
mixed with 10 ml/kg BW deionized water spaced 30 minutes apart.
Male BALB/c] mice and male Cs7 BL/6 mice from Jackson



Laboratory (Bar Harbor, Maine, USA) were used. Anxiety-like
behavior was measured using the Light/Dark-Test 2 hours after
the second treatment with a TRP+ (= control) mixture, TRP-
(= RTD) or water. For neurochemical data animals were
decapitated 2 hours after the second treatment; prefrontal cortex,
frontal cortex and hippocampus were collected. Brain neuro-
transmitter and metabolite content were quantified using a reverse
phase high-performance liquid chromatography (RP-HPLC)
system with electrochemical detection. Each dependent measure
(TRP, 5-HTP, 5-HT, 5-HIAA, NE, DA) was analyzed for all groups
(water, TRP-, TRP+) using a global 4-way ANOVA repeated
measures analysis of variance with follow-up lower order ANOVAs
and post-hoc Newman-Keuls-Test to identify differences between
specific treatment groups.

Results: TRP + and TRP- diets effectively raised and lowered TRP
in the brain respectively. The effects of the TRP manipulations
were similar in BALBc and Cs7 strains.TRP- decreased 5-HT
synthesis in all brain regions, but effects on C57 were greater than
in BALBc mice. At baseline, BALBc mice had a lower level of 5-HT
synthesis, lower 5 HIAA and lower 5-HT content in the
hippocampus and the prefrontal cortex than C57. TRP + did not
increase 5-HT synthesis or 5-HT content. TRP- significantly
decreased 5-HT content; TRP- was consistently lower than
TRP + in all regions. 5-HIAA was decreased by TRP- in every
brain region investigated. DA, DOPAC and HVA did not show any
strain differences or treatment effects. Norepinephrine was
significantly lower in BALBc than Csy. Treatment did not affect
norepinephrine levels.There were no strain differences in baseline
behaviors in the water treated animals. However RTD had strain-
specific effects: TRP- treated BALBc mice spend less time in the
light and covered less distance in the light compared to TRP +
BALBc mice. In Cs7s the opposite effect was observed: TRP-
treated mice spent more time in the light and covered more
distance in the light than TRP + animals.

Discussion: This study demonstrated that the treatment with RTD
Moja-De (TRP-) decreased brain TRP and subsequently 5-HTP,
5-HT and 5-HIAA in both strains of mice, but was more effective
in Cs57 mice than in BALBc mice. One possible explanation is that
the decreased levels of TPH2 in BALB/c are offset by the increased
affinity for TRP exhibited by this mutation which might render it
less sensitive to physiologic variation in TRP availability.The
balanced AA mixture (TRP +) increased TRP levels, but did not
enhance 5-HT synthesis. Despite the unexpected neurochemical
effects, TRP- did cause increased anxiety-like behavior in the
strain we predicted would be vulnerable to RTD. RTD Moja-De
caused an anxiogenic response in BALBc mice whereas C57 showed
an anxiolytic effect. Studies show that the characterization of
BALBc depends upon whether social or nonsocial tasks are used.
The opposite effect of RTD on behavior suggests that differences in
serotonergic function contribute to the behavioral differences
observed in BALBc mice. We found that BALBc mice have
significantly lower norepinephrine levels in all brain regions
compared to Cs7 mice. This could be a supplementary explanation
for the anxious phenotype of BALBc mice.

Disclosure: C. Biskup: None. A. Arrant: None. A. Day: None. C.
Kuhn: None. F. Zepf: Part 4: FDZ was the recipient of an
unrestricted award donated by the American Psychiatric Associa-
tion (APA), the American Psychiatric Institute for Research and
Education (APIRE), and Astra Zeneca (“Young Minds in
Psychiatry Award”). He has also received research support from
the German Federal Ministry of Economics and Technology
(Bundesministerium fiir Wirtschaft und Technologie, BMWi), the
German Society for Social Pediatrics and Adolescent Medicine
(Deutsche Gesellschaft fiir Sozialpddiatrie und Jugendmedizin,
DGSPJ), and from the Paul and Ursula Klein Foundation, which is
unrelated to the present investigation. He was the recipient of a
travel stipend donated by the GlaxoSmithKline Foundation and an
unrestricted educational grant donated by Shire pharmaceuticals.
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5. MicroRNA Regulation of Fear Extinction Memory
Timothy W. Bredy*

The University of Queensland, Brisbane, Australia

Background: Extinction, the gradual reduction in conditioned fear
responses generated by repeated presentation of a non-reinforced
conditioned stimulus, is a process of inhibitory learning with
enormous clinical importance, since it represents the explicit
model of behavioural therapy for phobia, panic, and post-
traumatic stress disorder. Understanding the neural mechanisms
by which fear can be extinguished is crucial if we are to develop
better therapeutic protocols for the treatment of affective
disorders. MicroRNAs (miRs) are a newly discovered family of
endogenous small non-coding RNAs (~ 23 nucleotides long) that
regulate gene function either by degrading target mRNAs or by
direct complimentary binding to the 3'UTR of protein-coding
genes, resulting in post-transcriptional silencing. In the past
decade, several lines of evidence have implicated various miRs in
the pathogenesis of human brain disorders, including schizo-
phrenia; however, their functional role in fear-related learning and
memory remains largely unknown.

Methods: We used a combined approach of in vitro assays and
in vivo lenti-viral mediated gene transfer to elucidate the role of
miR-128b in the formation of fear extinction memory.

Results: We’ve discovered that the brain-specific microRNA,
miR-128b, is highly expressed within excitatory cortical neurons
that express its host gene, regulator of calcium signaling (RCS),
and that are innervated by dopamine within the infralimbic
prefrontal cortex (ILPFC); a brain region heavily involved in
encoding fear extinction memories. We also show that, unlike
the non-specific expression pattern of brain-specific miR-134,
miR-128b is preferentially increased in the ILPFC after extinction
but not after the acquisition of conditioned fear. Using an in vivo
lentiviral-mediated gene transfer approach and in vitro luciferase
assays, we have found a functional relationship between miR-128b
and several predicted target genes known to be involved in
learning-related synaptic plasticity.

Discussion: Our data suggest an important role for miR-128b in
regulating long-term memories associated with fear extinction.
Disclosure: T. Bredy: None.

6. Antagonism of Kappa-Opioid Receptors reduces
Stress-Induced Effects
Ashlee Van’t Veer, F. Ivy Carroll, William A. Carlezon*

McLean Hospital/Harvard Medical School, Belmont, USA

Background: Brain kappa-opioid receptors (KORs) are implicated
in stress-related behaviors. Previously we have shown that
systemic KOR antagonism produces antidepressant- and anxioly-
tic-like effects in a variety of tests including fear-potentiated startle
and the elevated plus maze. Recently it has been shown that KOR
antagonism can also block behavioral and neurochemical effects of
corticotropin-releasing factor (CRF), the principal regulator of the
stress response. The present studies were designed to further
characterize interactions between KOR systems and stress-induced
behavior using methods of anxiety-like behavior that rely on
potentiation of the acoustic startle reflex as a dependent measure.
Footshock and central administration of CRF are two methods that
can be used to potentiate the acoustic startle reflex.

Methods: To test the effect of KOR antagonism on shock-
potentiated startle, mice were matched into groups with equivalent
baseline startle and given an intraperitoneal (IP) injection of the
KOR antagonist JDTic (10 or 30 mg/kg) or vehicle 24 hr prior to
testingto accommodate the slow onset and persistent actions of
JDTic. In the test session, mice received a baseline startle test
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followed by ascending footshock amplitudes (0.2 mA, 0.4 mA, and
0.8 mA) each followed by a startle test. The following day, shocked
mice were given a final startle test. In CRF-enhanced startle, mice
were pretreated 7 days before testing with JDTic (10 or 30 mg/kg,
IP). Mice were then matched into groups with equivalent baseline
startle. Immediately prior to the test session, mice received an
intracerebroventricular (ICV) infusion of CRF (1 ng) or vehicle and
were placed into the startle chamber. Acoustic startle to a white
noise burst was measured throughout a 200min session. To
identify neuronal activation in brain areas involved in anxiety, c-
Fos expression was examined. Mice were pretreated with JDTic
(30 mg/kg, IP), then given an infusion of CRF (1 g, ICV) or vehicle
exactly as in the behavioral tests. Two hours later they were
perfused for c-Fos immunohistochemistry. Data were analyzed
using appropriate ANOVAs and significant effects were further
analyzed using post hoc Bonferonni tests.

Results: Blockade of KOR receptors by JDTic at 30mg/kg
attenuated footshock induced increases in startle amplitude,
though not significantly. However, when the shocked mice were
returned to the testing chamber on the following day, JDTic
pretreatment significantly decreased context conditioning. CRF
produced a marked increase in startle amplitude; this effect was
dose-dependently attenuated by JDTic, with nominal reductions at
10 mg/kg and significant reductions at 30 mg/kg. C-Fos immuno-
histochemistry was then used to determine brain regions that may
be involved in these effects. Consistent with the literature, CRF was
found to activate numerous brain regions including the central and
basolateral nuclei of the amygdala, bed nucleus of the stria
terminalis, piriform cortex, ventral tegmental area (VTA), and
dentate gyrus (DG) of the hippocampus. KOR antagonism with
JDTic significantly reduced CRF-induced increases in c-Fos
labeling in the VTA and DG.

Discussion: These studies provide additional evidence that
blockade of KORs reduce anxiety-like behavior in mice. Although
JDTic did not significantly decrease shock-potentiated startle,
startle amplitude in the shock context the following day was
significantly reduced. This suggests JDTic may protect against
detrimental neuroadaptations that occur following a stressful
event. KOR antagonism also reduced the effects of CRF on startle,
supporting the existence of functional interactions between KOR
systems and CRF. The decreases in c-Fos labeled neurons in the
VTA and the DG suggest the hippocampus and midbrain
dopamine cells play important roles in mediating these effects.
These data suggest blockade of KORs may be a useful tool in the
treatment and prevention of stress-induced illness.

Disclosure: A. Van’t Veer: None. F. Carroll: None. W. Carlezon:
Part 1: Scientific Advisory Board, Myneurolab.com Consultant,
Concert Pharmaceuticals.

7. Epigenetic Differences in the Developing Hippocampus and
Amygdala in a Novel Rat Model of Anxiety and Depression
Sarah M. Clinton*, Rebecca K. Simmons, Danielle N. Simpson,
Stanley J. Watson, Huda Akil

University of Alabama-Birmingham, Birmingham, USA

Background: Innate differences in human temperament strongly
influence how individuals cope with stress and predispose for
specific types of psychopathology. The present study examines
developing brain circuits in an animal model of temperamental
differences to understand how altered neurodevelopment may
engender differences in emotional reactivity that are stable
throughout the animal’s life, and may put an individual at risk
for a depressive/anxious phenotype.

Methods: We utilize selectively-bred High Responder (bHR) and
Low Responder (bLR) rats that exhibit dramatic emotional
behavior differences, with bHRs exhibiting exaggerated novelty-
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exploration, aggression, impulsivity and drug self-administration,
and bLRs showing marked behavioral inhibition, exaggerated
anxiety- and depressive-like behavior. Using Affymetrix micro-
arrays, we assessed bLR/bHR gene expression in the developing
brain on postnatal days (P)7, 14, and 21, focusing on the
hippocampus and nucleus accumbens, two regions related to
emotionality and known to differ in adult bLR/bHR rats.
Stereological studies were used to examine potential differences
in brain structure.

Subsequent studies began to examine potential epigenetic mechan-
isms (e.g. DNA methylation) that may contribute to putative gene
expression differences in the developing bHR versus bLR brain. To
this end, we used in situ hybridization to assess the mRNA
expression of DNA methyltransferase 1 (DNMT1) - one of the chief
enzymes involved in DNA methylation in the brain.

Results: The microarray study revealed dramatic bLR/bHR gene
expression differences in the P7 and Pi4 hippocampus, with
minimal differences in the nucleus accumbens. Some of the
most profound differences involved genes critical for neurodeve-
lopment and synaptogenesis. Stereological studies evaluated
hippocampal structure in developing bHR/bLR pups, revealing
enhanced hippocampal volume and cell proliferation in bLR
animals. Results of the DNMT1 in situ hybridization study point to
potential bHR/bLR differences in DNA methylation within specific
subregions of the hippocampus (upper blade of the dentate gyrus
and the CA3 region). Interestingly, additional analysis also
uncovered similar bHR/bLR DNMT1 differences within select
nuclei of the amygdala - another key brain region that controls
emotional behavior, in part via reciprocal connections with the
hippocampus.

Discussion: Our work-to-date with the bHR/bLR rat lines
demonstrates the heritability of the bHR and bLR behavioral
phenotypes. Their underlying genetic differences appear to drive
distinct formation of the hippocampus, leading to marked
differences in hippocampal morphology and gene expression
during the first two weeks of life. The DNMT1 findings in the
hippocampus and amygdala suggest that the observed bHR/bLR
differences in gene expression, brain morphology and behavior
may be linked to epigenetic changes occurring in early life.
Ongoing efforts will continue to examine DNA methylation status
in the developing bHR/bLR hippocampus and select amygdalar
nuclei, and determine whether early-life interventions (such as
environmental enrichment) known to improve LRs’ anxious/
depressive phenotype act by influencing hippocampal DNA
methylation levels. Taken together, this body of work may provide
important insight into the possible genesis of individual differ-
ences in emotionalty and related risks for the emergence of
emotional disorders (e.g. the anxiety-prone nature of bLRs or drug
addiction proclivity of bHRs).

Disclosure: S. Clinton: None. R. Simmons: None. D. Simpson:
None. S. Watson: None. H. Akil: None.

8. Fear Conditioning in Rat Pups and Fear Reactions Acquired
from Exposure to Fearful Mothers involve Similar Brain
Structures

Jacek Debiec*, Regina Sullivan

Emotional Brain Institute, Nathan Kline Institute for Psychiatric
Research, Orangeburg, USA

Background: Existing research demonstrates that emotional
trauma may be transmitted across generations. For example,
Holocaust studies suggest that adult children of Holocaust
survivors diagnosed with posttraumatic stress disorder (PTSD),
similarly to their parents, experience psychological distress
associated with Holocaust-related cues (Yehuda et al., 1998).
Animal studies so far investigating the impact of parental stress on



the offspring focused on the overall behavioral alterations in the
offspring. We have recently demonstrated that exposure of rat
pups to mothers fearful in response to previously conditioned
olfactory cue produces fear responses in pups that are maternal-
conditioned-cue-specific (Debiec and Sullivan; SFN 2010). Here we
investigate the neural basis of the mother-to-infant transfer of
learned fear.

Methods: Rat pups were exposed to fearful mothers (‘Paired/
Re-exposed’ - mother that had previously received olfactory fear
conditioning, now re-exposed with pups to the conditioned cue).
Controlled groups included pups exposed to mothers that had
been previously conditioned but were not re-exposed to the
conditioned cue (‘Paired/Not Re-exposed’) and pups exposed to
mothers that had been previously exposed to unpaired presenta-
tions of odor and electric shock (‘Unpaired/Re-exposed’). The
number of pups in each group was equal (4 pups). All pups were
injected with "*C 2-DG prior to their exposure in order to assess
the neural changes during acquisition. Following exposure to
fearful (non-fearful) mothers, 2-DG reuptake in pups’ brains was
assessed. In another set of experiments, a separate group of rat
pups underwent olfactory fear conditioning (‘Paired’ group; n=6),
unpaired olfactory cue and electric footshock presentations
(‘Unpaired’ group; n=6), and cue only presentations (‘Cue only’;
n=4). Re-uptake of 2-DG in all groups was assessed.

Results: In mother-to-infant transfer of fear experiments, analysis
of variance (ANOVA) revealed that infants from the ‘Paired/
Re-exposed’ group exhibited increased mean 2-DG uptake in the
dorsal part of lateral nucleus of the amygdala (LA) [ANOVA,
F (2,9) =6.0355 p<0.05]. Post hoc Fisher’s tests indicated that
pups from ‘Paired/Re-exposed’ group significantly differed from
each of the other groups at the p<o.05 level. In pup fear
conditioning experiments, ANOVA revealed that pups from the
‘Paired’ group exhibited increased mean 2-DG uptake in the dorsal
part of LA [ANOVA, F (2,10) =5.863; p<0.05]. Post hoc Fisher’s
tests indicated that pups from ‘Paired’ group significantly differed
from each of the other groups at the p<o.05 level.

Discussion: Our data demonstrate that acquisition of conditioned
fear in rat pups in involves the LA, a key structure in fear
conditioning in adult rats (LeDoux, 2000). Interestingly, our data
suggest that the LA in rat pups is also involved in acquiring cue-
specific fear responses from fearful mother. Mother-to-infant
transfer of fear experience may involve similar brain structures
and mechanisms that are implied in fear conditioning. Further
studies of neurobehavioral basis of transgenerationally transmitted
fear experience will allow a development of early therapeutic
interventions.

Supported by NIH DC oog9910 and NIMH MHo91451 to RMS and
NARSAD Young Investigator Grant from the Brain & Behavior
Reserach Foundation to JD.

Disclosure: J. Debiec: None. R. Sullivan: None.

9. Essential Role for Orbitofrontal 5-HT1B Receptors in
OCD-Like Behavior and SRI Response in Mice

Nancy A. Shanahan, Lady P. Velez, Virginia L. Masten, Stephanie
C. Dulawa*

University of Chicago, Chicago, USA

Background: Perseveration and sensorimotor gating deficits are
core features of obsessive compulsive disorder (OCD). Serotonin
1B receptor (5-HT1BR) agonists exacerbate OCD symptoms in
patients, and induce perseveration and sensorimotor gating
deficits in mice. Serotonin reuptake inhibitors (SRIs), but not
noradrenaline reuptake inhibitors (NRIs), reduce OCD symptoms
following 4-8 weeks of treatment. Furthermore, 4 weeks of
treatment with SRIs, but not NRIs, block 5-HT1BR agonist-induced
perseveration and sensorimotor gating deficits in mice. We
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compared the effects of chronic SRI versus NRI treatment on
5-HT1BR expression and Gprotein-coupling in orbitofrontal-
subcortical “OCD circuits”, and localized the 5-HT1BR population
that mediates OCD-like behavior.

Methods: Mice chronically received the SRIs clomipramine or
fluoxetine, or the NRI desipramine and were examined for
5-HT1BR binding and G-protein-coupling in the caudate-putamen,
nucleus accumbens, orbitofrontal cortex, and dorsofrontal cortex.
Finally, OCD-like behavior was assessed following intra-orbito-
frontal 5-HT1BR agonist infusion, or intra-orbitofrontal 5-HT1BR
antagonist infusion coupled with systemic 5-HTiBR agonist
treatment.

Results: Effective, but not ineffective, OCD treatments down-
regulated 5-HT1BR expression specifically in the orbitofrontal
cortex. Intra-orbitofrontal 5-HT1BR agonist infusion induced
OCD-like behavior, and intra-orbitofrontal 5-HT1iBR antagonist
infusion blocked the OCD-like effects of systemic 5-HT1BR agonist
treatment.

Discussion: Our findings indicate that orbitofrontal 5-HT1BRs are
necessary and sufficient to induce OCD-like behavior in mice, and
that SRI pharmacotherapy reduces OCD-like behavior by desensi-
tizing orbitofrontal 5-HT1BRs. Our findings suggest an essential
role for orbitofrontal 5-HT1BRs in OCD pathophysiology and
treatment.

Disclosure: N. Shanahan: None. L. Velez: None. V. Masten: None.
S. Dulawa: None.

10. Exposure to Traumatic Stress in Rats Differentially Affects
Alcohol-Related Behaviors and Brain ERK Phosphorylation
Nicholas W. Gilpin*, Scott Edwards, George F. Koob

LSU Health Sciences Center, New Orleans, USA

Background: PTSD and alcoholism are two disorders that exhibit a
high degree of co-morbidity in humans and have partially
overlapping symptomatic profiles. The aim of this study was to
examine the effects of traumatic stress on alcohol-related
behaviors.

Methods: Male Wistar rats were trained to respond for 10% w/v
ethanol vs. water on a continuous reinforcement schedule in a two-
lever operant situation. Rats were then exposed to two contexts
that differed on two sensory modalities (visual & tactile stimuli).
Rats were divided into two groups (conditioned & controls)
matched for chamber preference and ethanol responding. Condi-
tioned rats were exposed to neutral odor in non-preferred context
and predator odor (bobcat urine) in preferred context, then tested
24 hrs later for conditioned place avoidance (CPA). Conditioned
rats were divided into two groups (avoiders & non-avoiders) based
on avoidance of predator odor-paired context relative to baseline
(avoiders defined by > 10-s decrease in time spent in predator
odor-paired context during s5-min test). Rats were tested for
operant ethanol responding on days 2, 5, 8 and 11 post-
conditioning. Rats were later re-exposed to predator odor-paired
context alone and tested for CPA and alcohol drinking. Subse-
quently, rats were tested for compulsivity of alcohol drinking
(willingness to consume quinine-flavored alcohol), and also
mechanosensitivity (Von Frey test) in the absence and presence
of predator odor. At the end of the experiment, all rats were re-
exposed to the predator odor-paired context and sacrificed
immediately, and brains were removed for Western blot analysis
of extracellular signal-related kinase (ERK) and phosphorylated
ERK (pERK) expression.

Results: Relative to non-avoiders and controls, avoiders exhibited
consistently higher avoidance of the predator-paired chamber,
higher operant alcohol responding, and more compulsive-like
alcohol drinking. In the presence of predator odor, all rats exhi-
bited allodynia, but this effect was greater in avoiders. Following
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re-exposure to predator-paired context, avoider and non-avoider
rats exhibited bi-directional changes in pERK expression relative to
controls. Avoiders had increased, and non-avoiders decreased, ERK
phosphorylation in infralimbic cortex relative to controls. Con-
sidering the role that infralimbic cortex has been attributed in fear
conditioning processes, these changes in ERK phosphorylation may
reflect either short- or long-term differences in the efficacy of fear
extinction in these two groups of rats.

Discussion: This study presents a novel animal model for assessing
the effect of a traumatic stressor and the maladaptive response to
that stressor on subsequent alcohol drinking and related
behaviors. This model may be useful for examining the underlying
neural mechanisms of excessive alcohol consumption in humans
with PTSD.

Disclosure: N. Gilpin: None. S. Edwards: None. G. Koob: Part 1:
Addex Pharmaceuticals Alkermes Arkeo Pharmaceuticals Casa
Palmera Embera NeuroTherapeutics GlaxoSmithKline Lilly Psy-
chogenics.

11. Norepinephrine Transporter A457P Knockin Mice display
Anxiety-Like Behavior and Tachycardia

Jana K. Shirey-Rice, Rebecca Klar, Sarah N. Redmon,

Jessica J. Krueger, Nathan M. Wallace, Martin Appasamy,
Charlene Finney, Suzanna Lonce, Andre Diedrich,

David H. Robertson, Maureen K. Hahn*

Vanderbilt University School of Medicine, Nashville, USA

Background: Norepinephrine (NE) serves as a neurotransmitter in
both the brain, where it mediates processes underlying arousal,
attention, memory, emotion, and the response to stress, and in the
sympathetic nervous system. NE neurotransmission is involved in
the pathogenesis of cognitive and mood disorders including
attention deficit hyperactivity disorder (ADHD), major depression
and anxiety as well as cardiovascular diseases. NE released at
synapses in the brain and sympathetic nervous system is actively
transported into terminals by the presynaptically-localized nor-
epinephrine transporter (NET), making NET a critical mediator of
NE inactivation and presynaptic catecholamine homeostasis. NET
is a target for tricyclic antidepressants, NET-selective reuptake
inhibitors, and psychostimulants. We previously identified a single
nucleotide polymorphism in the human NET gene, A457P, in a
family with incidence of the cardiovascular disorder, postural
orthostatic tachycardia syndrome, demonstrating highly elevated
heart rate and plasma NE upon standing as well as psychiatric
symptomatology. <i >1In vitro expression studies demonstrate
that A457P is a loss-of-function transporter with a dominant-
negative influence on wild-type (WT) NET. We generated
“knockin” mice expressing NET A457P to determine the contribu-
tion of this mutation to both psychiatric and cardiovascular
phenotypes.

Methods: For NE transport assays, synaptosomes and peripheral
tissues were incubated for 10-30 min with 10 nM-1 microM [*H]NE
and specific activity was defined using 10 microM desipramine. We
performed cell-surface biotinylation and immunoisolation from
synaptosomes followed by SDS-PAGE and Western blotting with
an antibody to NET (Mab Technologies). Catecholamines and
metabolites were measured by high performance liquid chromato-
graphy from plasma and urine samples. Blood pressure radio-
telemetry was used to determine blood pressure and heart rate in
conscious mice. Mice were also exposed to the elevated plus maze
for sminutes, and time spent/number of entries into the open
versus closed arms and freezing behavior were measured using
video analysis (Anymaze). Open field exploration was performed
for 1h during which detection of infrared beam breaks recorded
movement. Total distance traveled and time spent in the center
versus periphery of the field were calculated.
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Results: In cortex and hippocampus of A457P heterozygous (HET)
knock-in mice, total levels of NET were reduced to 69 and 73%, of
WT, and surface levels of NET were reduced to 71 and 80% of WT,
respectively. Transport levels in A457P HET mice were 61 and 63%
of WT in cortex and hippocampus, respectively. These are greater
transport deficits than that observed in NET heterozygous
knockout mice, suggesting an in vivo dominant negative effect of
Ag57P. In the heart and other peripheral, sympathetically-
innervated tissues, NE transport was also reduced in A457P HET
mice. Basal urine DHPG levels were decreased, NE was elevated,
and the DHPG to NE ratio, an index of efficiency of metabolism to
DHPG, was decreased in A457P mice, and similar results were
observed in plasma. Radiotelemetry recordings demonstrated
higher heart rates in A457P mice compared to WT mice, with
the greatest effect occurring during their active period (648 +8
versus 589+ 4 bpm). Mean blood pressure was not different,
reminiscent of the predominant effect of A457P on heart rate in
human carriers. A457P mice spent decreased time in the open arms
and increased time in the closed arms of the elevated plus maze
(EPM). A457P mice froze more often and for longer durations than
WT mice and demonstrated decreased head dips in the EPM, all
evidence of anxiety. We also detected anxiety in the open field,
where A457P mice spent significantly less time in the center of the
field and increased time along the periphery (thigmotaxis).
Discussion: These data support that A457P is trafficking- and
activity-deficient in neurons in vivo and exerts a dominant
negative effect. These data also demonstrate that A457P is
sufficient to recapitulate the neurochemical and cardiovascular
phenotypes observed in human carriers. Additionally, A457P mice
demonstrate anxiety phenotypes. Indeed, patients with tachycardia
disorders have a higher incidence of anxiety. Thus, genetic
disruption in genes, such as NET, with shared expression in the
brain and autonomic nervous system, may explain comorbidity of
psychiatric and cardiovascular disease.

Disclosure: J. Shirey-Rice: None. R. Klar: None. S. Redmon: None.
J. Krueger: None. N. Wallace: None. M. Appasamy: None. C.
Finney: None. S. Lonce: None. A. Diedrich: None. D. Robertson:
None. M. Hahn: None.

12. Altered Noradrenergic Activity In An Animal Model Of Post-
Traumatic Stress Disorder

Sophie A. George, Dayan Knox, Andre L. Curtis, Rita J. Valentino,
Israel Liberzon*

University of Michigan, Ann Arbor, USA

Background: Locus coeruleus (LC) norepinephrine (NE) neurons
are critical for coordination of the stress response and altered
noradrenergic activity has been implicated in psychiatric dis-
orders, including post traumatic stress disorder (PTSD). Norepi-
nephrine is important for mediating arousal, attention, and
memory processes and therefore altered NE function has been
suggested as a possible contributor to both hyperarousal and re-
experiencing symptom clusters of the disorder. In order to directly
assess LC-NE system function following stress/trauma, we utilized
a validated rodent model of PTSD - Single Prolonged Stress (SPS) -
measured single unit activity of LC neurons and quantified TH
mRNA expression in the LC.

Methods: 49 male Sprague Dawley rats were subjected to either
SPS or a control procedure. SPS rats received two hours of
restraint, followed by a twenty minute forced swim. After fifteen
minutes recuperation, they were exposed to ether until anaes-
thetized, followed by a seven day quiescent period. Control rats
remained in their home cages for the duration of this procedure.
For electrophysiological recording (n=19), rats were anaesthe-
tized, LC neurons of stable amplitude were identified and
spontaneous and sensory evoked discharge of LC neurons was



characterized. In a separate experiment (n=32), baseline and
restraint stress evoked TH mRNA expression were measured in
the LC.

Results: SPS significantly reduced spontaneous discharge of
LC neurons [t(94) = 2.34, p = 0.022] while significantly increasing
the magnitude of the sensory evoked response [t(94)=2.79,
p=o0.006] relative to the control procedure, resulting in a
significantly higher signal-to-noise ratio in SPS rats [t(94) =5.62,
p<o.0001]. Similarly, TH mRNA expression in the LC was
exaggerated in SPS rats following restraint stress compared to
control rats [F(1,27) = 4.63, p =.040]. Percent increase (from mean
baseline scores) in TH mRNA expression following restraint was
significantly greater in SPS than in control rats [t(14) =3.21,
p=.006].

Discussion: These data demonstrate persistent changes in LC-NE
system function stress/trauma and provide a framework for
investigating noradrenergic changes in an animal model of PTSD.
We report that both tonic and phasic LC activity are altered by
SPS. Recent models of LC activity propose that different modes of
LC discharge facilitate distinct processes (Aston-Jones and Cohen,
2005) with phasic activity mediating focused attention and tonic
activity mediating attention to irrelevant stimuli, thereby facilitat-
ing task disengagement and environmental scanning. These data
suggest that SPS animals may have altered LC activity that
promotes increased reactivity to specific environmental events,
and reduced behavioral flexibility.

Disclosure: S. George: None. D. Knox: None. A. Curtis: None.
R. Valentino: None. I. Liberzon: None.

13. Analysis of Norepinephrine Dynamics within the Bed Nucleus
of the Stria Terminalis in Rat Models of Substance Abuse and
Post-Traumatic Stress Disorder

Zoe A. McElligott*, Paul L. Walsh, R. Mark Wightman

Bowles Center for Alcohol Studies, Chapel Hill, USA

Background: Stressful life experience often contributes to the
pathology of several mental disease states including depression,
anxiety disorders and addiction. Recent studies have high-
lighted the extreme co-morbidity of Post-Traumatic Stress
Disorder (PTSD) and substance abuse. This has led researchers
to focus on common neural substrates that are involved in
mediating behaviors related to both stress and addiction. One
such region is the Bed Nucleus of the Stria Terminalis (BNST), a
component of the extended amygdala that relays between cognitive
and emotion generating centers, and classical stress and reward
nuclei. Furthermore this region receives one of the densest
projections of norepinephrine (NE) within the central nervous
system. Noradrenergic modulation within the BNST: induces
synaptic plasticity, releases extra-hypothalamic corticotropin
releasing factor (CRF), regulates stress-induced reinstatement
to drug seeking, anxiety-like behavior and hypothalamic-pituitary-
adrenal axis activation. Additionally, noradrenergic projections
stemming from the nucleus of the tractus solitarius (NTS)
are necessary for mediating conditioned place preference to
morphine. These studies lead to the hypothesis that dysregu-
lation of the noradrenergic system and its signaling within the
BNST may be a component of the psychopathology of both PTSD
and drug addiction, and may contribute to the co-morbidity
observed within the human population. To investigate this
hypothesis we examined the noradrenergic system in a rat
model of PTSD and substance abuse, the Lewis (LEW) inbred rat
strain as compared to the outbred Sprague-Dawley strain (SP-D).
Aspects of dopaminergic neurons in naive LEW rats are
comparable to opiate dependent SP-D rats. Recent studies have
also demonstrated that the BNST mediates pathological anxiety
and fear responses in the LEW rats. Additionally, microdialysis
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experiments have demonstrated that LEW rats display a more
robust NE response in the BNST to an acute stressor as compared
to SP-D rats.

Methods: Here we utilize High Performance Liquid Chromato-
graphy with electrochemical detection (HPLC-ECD) and Fast-Scan
Cyclic Voltammetry (FSCV) to measure NE dynamics within the
ventral BNST (vBNST) of naive LEW and SP-D rats.

Results: As compared to SP-D rats, we find that LEW rats have
double the tissue content of NE in the vBNST as measured by
HPLC (LEW rats: 10.86 + 1.52 jig/g, SP-D: 4.55 £ 0.84 ig/g p <o0.01).
Furthermore, we used Michaelis-Menten kinetic modeling of
FSCV to examine sub-second stimulated release and uptake
dynamics in the vBNST of anesthetized rats. LEW rats had a
comparable [NE] per stimulation pulse to SP-D rats, but they
demonstrated a slower rate of transport (0.189 + 0.012 uM/s vs.
0.354 £ 0.042 UM/s respectively, p<o.001). Additionally, when
challenged with smg/kg idazoxan (and o,-adrenergic receptor
antagonist) LEW rats had an attenuated increase in their
stimulated NE release (LEW: 157.8 + 19.3% of baseline; SP-D: 215.9
+ 20.7%; p <0.05).

Discussion: The data presented here suggest that naive LEW
rats exhibit a hyper-adrenergic phenotype as compared to SP-D
rats. This phenotype may contribute to both the increased self-
administration of substances of abuse and the PTSD pheno-
types observed in these animals. Interestingly, the Morilak group
did not observe difference in basal extracellular NE in the
BNST in LEW and SP-D rats, but observed enhanced NE following
restraint stress in the LEW rats. An increase in NE tissue content
with diminished uptake and auto-receptor function suggests that
under conditions of prolonged firing during continual stressors
LEW rats may release greater amounts of NE that may exert its
effects for a longer period of time. This is particularly interesting
in the BNST where the induction of noradrenergic plasticity is
dependent on the length of exposure to NE. The changes observed
here, however, may be but one mechanism accounting for
increased adrenergic tone in these animals. Future studies will
examine in vivo NE in animals performing in behaviorally relevant
conditions to assess contributions of behaviors on NE release in
the BNST.

Disclosure: Z. McElligott: None. P. Walsh: None. R. Wightman:
None.

14. Reelin mediates the Neurosteroid-Induced Long-Lasting
Improvement of Aggression and Anxiety-Like Behavior in a
Mouse Model of PTSD

Mauricio S. Nin, Luis A. Martinez, Marianela Nelson,
Graziano Pinna*

The Psychiatric Institute, College of Medicine, University of
Illinois at Chicago, Chicago, USA

Background: Reelin is a large glycoprotein widely expressed in
GABAergic neurons and secreted into the extracellular matrix
where it exerts important trophic functions at postsynaptic
dendritic spines. Recently, an impairment of cognitive function
in psychiatric disorders has been related to reelin deficits.

In a putative mouse model of PTSD, behavioral dysfunction,
including heightened anxiety-like behavior and aggression, are
induced by a protracted period of social isolation (<4 weeks).
Social isolation induces several neurochemical alterations in mice,
including a downregulation of reelin expression and of the
neurosteroid allopregnanolone (Allo), a progesterone metabolite,
which is a potent positive allosteric modulator of GABA action at
GABA, receptors. It has also been implicated in regulating
neurotrophic actions. Hence, we hypothesized a link in the deficit
of Allo and reelin biosynthesis that is associated with aggression
and anxiety-like behavior in socially isolated (SI) mice. Both Allo
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levels and reelin mRNA expression are downregulated in the
medial frontal cortex (-35%), hippocampus (-55%), and amygdala
(-65) but not in the striatum and cerebellum of SI mice.
Methods: To test whether a corticolimbic Allo deficit was
responsible for the downregulation of reelin expression in SI
mice, we administered Allo (8 pmol/kg, s.c., twice daily, for 7 days)
or the selective brain steroidogenic stimulant (SBSS), S-norfluox-
etine (1.8 pmol/kg, s.c., twice daily, for 7 days). This S-nor-
fluoxetine dose is too low to inhibit serotonin reuptake (Curr
Opin Pharmacol 9, 24-30, 2009) but is sufficient to increase the
levels of Allo in corticolimbic areas to the levels of group-housed
mice.

Results: This treatment successfully induced a long-term normal-
ization of behavior and reelin mRNA expression in corticolimbic
areas, including the frontal cortex, hippocampus, and amygdala of
SI mice. Importantly, a single (25-1ng/ml) bilateral microinfusion
of reelin into the BLA permanently (up to 1 month) abolished
anxiety-like behavior and aggression in SI mice in the absence of
locomotion impairment.

Discussion: These observations suggest that by increasing
neurosteroids, SBSSs such as S-norfluoxetine regulate reelin
expression in corticolimbic areas and induce permanent improve-
ment of some behavioral dysfunctions that relate to PTSD.
Supported by NIMH grant MHo085999-01 to Pinna G.

Disclosure: M. Nin: None. L. Martinez: None. M. Nelson: None. G.
Pinna: None.

15. Differential Role of AFosB in the Prefrontal Cortex in CCK
Sensitivity and Vulnerability to Stress
Vincent Vialou*, Deveroux Ferguson, Eric J. Nestler

Mount Sinai School of Medicine, New York, USA

Background: Chronic social defeat stress in mice induces long-
lasting abnormalities, including social avoidance, which can be
normalized by chronic, not acute, antidepressant treatment
(Berton et al., 2006). However, a significant proportion of defeated
mice avoid these abnormalities (Krishnan et al., 2007), allowing a
look at mechanisms of resilience in addition to vulnerability.
Recently, we observed decreased expression of markers of
neuronal activity in the medial prefrontal cortex (mPFC) of
susceptible mice (Covington et al, 2010), and found that
optogenetic stimulation of the mPFC of susceptible mice reversed
their depression-like symptoms (Covington et al., 2010). Moreover,
cholecystokinin (CCK) release in the mPFC during social stress
mediates anxiogenic response, suggesting that it might contribute
to the susceptible phenotype.

Methods: We quantified AFosB levels by immunohistochemistry, a
marker implicated in the persistent neuronal alterations induced
by chronic exposure to stress. In order to evaluate its role in
sensitivity to stress, we used viral-mediated gene transfer into
different regions of the PFC. We used quantitative PCR to evaluate
CCK-B receptor, a known target gene of AFosB, after chronic social
defeat and after AFosB manipulation. Finally, we infused CI-988
(1ng), a CCK-B antagonist, into the mPFC of susceptible mice and
test them for their social interaction.

Results: We show here that social defeat induces long-term
molecular adaptations differentially in susceptible vs. resilient
mice in the mPFC as well as in the orbitofrontal cortex (OFC),
another prefrontal region important in mood regulation. Resilient
mice show a greater induction of AFosB in the OFC, while
susceptible mice show greater induction in the mPFC. These
results suggest that AFosB induction after chronic stress in these
two brain regions regulates specific neural pathways that
contribute to the susceptible and resilient phenotype, respectively.
Preliminary evidence indicates that AFosB overexpression in the
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OFC reduces immobility in the forced swim test, an antidepres-
sant-like effect. We are currently testing whether AFosB over-
expression in the OFC of susceptible mice promotes resilience.
Conversely, AFosB overexpression in the mPFC increased social
avoidance induced by social stress, a pro-depressant effect. Micro-
infusion of CI-988 in the mPFC reversed the social avoidance
induced by social defeat. We are currently testing the binding of
AFosB at the CCK-B promoter gene after social defeat.
Discussion: Long-term alterations in the mPFC mediate the
behavioral abnormalities observed after social defeat. We identi-
fied AFosB and its target gene, CCK-B, as mediator of the
depressive-like phenotype induced by chronic stress. Blockade
of CCK actions in the mPFC promotes social interaction.
Conversely, increased AFosB levels in the OFC after social defeat
promotes resilience, suggesting a differential role for AFosB in
OFC and mPFC. Together, these experiments complement our
earlier demonstration that AFosB acting in the nucleus accumbens
reward circuitry mediates resilience and antidepressant responses
(Vialou et al., 2010), and will provide a better understanding of the
role of AFosB in the pathophysiology of depression and its
treatment.

Disclosure: V. Vialou: None. D. Ferguson: None. E. Nestler: None.

16. Manipulating Brain pH Alters Fear Memory Consolidation
Via Acid-Sensing Ion Channel-1a
John Wemmie*

University of Iowa, Iowa City, USA

Background: Novel therapies are needed for post-traumatic
stress disorder (PTSD), which poses a significant threat to
the health and well being of those afflicted. Opportunities for
improving therapy might be discovered by identifying new
ways to manipulate fear conditioning in rodents, which models
the intrusive memories in PTSD. Recently we found that acid
sensing ion channels (ASICs) and brain pH play a critical role in
fear memory acquisition in mice. Here we tested the hypothesis
that manipulating brain pH may also alter fear memory
consolidation, the conversion of short-term fear memories to
long term.

Methods: Wild-type mice and ASICia-null mice in a congenic
Cs7Bl6/] background were fear conditioned to auditory cue or
context. During the time window of fear memory consolidation,
1-4 hrs post training, brain pH was lowered by 10% CO, inhalation
for 30 minutes or raised by HCO; injection (2 mmol/kg, i.p.). Fear
memory was tested 24 hrs later by re-exposing the mice to the
conditioned stimuli.

Results: We found that lowering brain pH by CO, inhalation
potentiated fear memory consolidation in wild-type mice, but not
in ASICia-null mice. This effect was observed with both context
and auditory cue fear conditioning, but did not occur in a non-
fear-related spatial memory task. CO, inhalation outside of the 1-4
hr time window failed to produce the effect. Other stressors such as
restraint stress also failed to produce a CO,-like effect. Impor-
tantly, raising brain pH with HCO; during the consolidation
window produced the opposite effect, inhibiting fear memory in an
ASICia-dependent manner.

Discussion: These observations suggest that brain pH through its
effects on ASICia plays a critical role in fear memory consolidation
in mice. Because of the near-identical conservation of ASICs in
humans, these results further suggest that brain pH may be a
critical factor in human fear memory consolidation and the
intrusive fear memories in PTSD. Moreover, the inhibitory effect of
raising brain pH suggests a novel therapeutic approach that if
applied shortly after an emotional trauma may help prevent PTSD.
Disclosure: J. Wemmie: None.



17. Role of Serotonin 2A Receptor Signaling During Development
in Modulating Adult Affective Behavior

Elena Y. Demireva*, Qinghui Yu, Jeff M. Muller, Mark Ansorge,
Jay A. Gingrich

Columbia University, New York, USA

Background: Serotonin 2A receptor (htr2a) function has been
linked to several neuropsychiatric disorders. Elevated htr2a
signaling correlates with vulnerability to stress, and htr2a levels
are increased in postmortem brains of depressed patients. In
contrast, htr2a antagonists exhibit both antidepressant and
antipsychotic properties, and low htraa expression has been
associated with antidepressant efficacy in patients, and reduced
anxiety in animal models. Because depression and anxiety
disorders can have their origin early in life, we hypothesized that
abnormal activation of htr2a during development may be
detrimental to affective behaviors. We investigated this hypothesis
in a mouse model in which transient blockade of the serotonin
transporter (SERT) during the early postnatal period (p2-p11),
induces “depression-like” affective behaviors in adulthood. The
exact mechanism underlying how this pharmacological interven-
tion induces depression-like states is unclear. We observed that
htraa mRNA is highly expressed in the cortex and hippocampus
during postnatal stages, as compared to adult levels. This
prompted us to ask whether enhanced postnatal activation of
htrz2a contributes to the adult behavioral phenotypes induced by
early life SERT blockade.

Methods: To answer this question we studied affective behaviors in
mice constitutively lacking htr2a and wild-type littermates, treated
with postnatal fluoxetine (PNFIx) or vehicle (PNVeh). We tested
subjects in several tests: (1) open field activity, (2) novelty
suppressed feeding and (3) shock-avoidance test. These are all
paradigms in which wild type PNFIx mice display anxiety and
depression-related phenotypes.

Results: We found that the absence of htr2a improved perfor-
mance of PNFIx treated mice in the novelty suppressed feeding
task, by decreasing the latency to feed, to control levels. Absence of
htr2a, however, did not have ameliorative effects on PNFlx
phenotypes in the open field and shock avoidance tests. In an
independent cohort, we tested htrza knockout mice in a learned
helplessness paradigm, a test in which PNFIx wild-type mice show
increased “helplessness.” We found that htr2a deficient mice were
less helpless, with reduced latencies to escape compared to wild-
type mice.

Discussion: These results indicate that htr2a is responsible for the
conflict-anxiety phenotypes observed in PNFIx mice but does not
contribute to the changes in exploratory behavior and shock
avoidance. Our findings also raise the possibility that the increased
learned helplessness in PNFIx mice could be another aspect that is
dependent on htr2a function.

Disclosure: E. Demireva: None. Q. Yu: None. J. Muller: None.
M. Ansorge: None. J. Gingrich: None.

18. The Role of Cortical Norepinephrine in the Development of
Executive Function

Kara L. Agster, Andrew T. Bates, Rachel E. Cain, Lori A. Newman,
Barry D. Waterhouse, Jill A. McGaughy*

University of New Hampshire, Durham, USA

Background: Adolescent rats are less able than adult rats to learn
reinforcement reversals and shift attentional set. These two forms
of executive function rely on the functional integrity of the
orbitofrontal and prelimbic cortices, respectively. Drugs used to
treat attention deficit disorder that increase prefrontal catechola-
mine levels such as atomoxetine (Strattera) improve executive
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functions in humans, non-human primates and adult rats with
noradrenergic lesions of the prefrontal cortex. Cortical noradre-
nergic systems are some of the last to mature in primates and rats.
This maturational lag is hypothesized to underlie the immaturities
in executive function found in adolescents.

Methods: We assessed executive function in male, Long-Evans
rats using an intradimensional/extra-dimensional set shifting task.
We administered the norepinephrine transporter (NET) blocker,
atomoxetine (0.0, 0.1, 0.9 mg/kg/ml; i.p.), prior to the test of
attentional set shift and a reinforcement reversal. We also assessed
in the attentional set shifting task the efficacy of drugs that
either selectively block dopamine transporters (DAT; GBR 12909
0.0, 0.3, 3.omg/kg/ml; ip.) or block both NET and DAT
(methylphenidate; 0.0, 0.5, 2 mg/kg/ml) to determine if increasing
synaptic dopamine would improve cognitive performance. In
addition, we completed stereological analyses to determine how
the density of dopamine beta hydroxylase and NET changed over
the course of adolescence i.e. between post-natal day (PND) 40 and
PND s50.

Results: The ability to shift attentional set improves from early
to late adolescence. The lowest dose of atomoxeting facili-
tated attentional set shifting during early adolescence but had
no effect on reversal learning. These data demonstrate that
NET blockade allows adolescent rats to more easily perform
attentional set shifting. Stereological analyses showed that NET
density is higher at PND 40 than PND 50 in all prefrontal
subregions sampled including prelimbic, infralimbic, anterior
cingulate and orbitofrontal cortices. Dopamine beta hydroxylase
density is lower in these same regions at PND 40 when compared
to PND s50.

Discussion: We hypothesize that lower levels of synthetic enzyme
in combination with higher density of presynaptic transporters
leads to a functional deficiency in prefrontal noradrenergic
systems and underlies the immaturities in executive function.
Young adolescent rats, e.g. post-natal day 43 (PND 43), require
more trials to shift attentional set than adults.This difference
between adolescent and adult executive function is not present
in late adolescence (PND 50). The administration of a NET
blocker which prevents reuptake of norepinephrine is sufficient to
improve attentional set shifting in young adolescents. As NET
blockade improves cognitive performance, it supports the hypoth-
esis that post-synaptic function is similar in adults and adolescents
but future studies will be aimed at addressing this question.
Disclosure: K. Agster: None. A. Bates: None. R. Cain: None.
L. Newman: None. B. Waterhouse: None. J. McGaughy: None.

19. Poster Withdrawn

20. Elevated Glutamate Levels in the Striatum, Nucleus
Accumbens Core and Prefrontal Cortex of the Spontaneously
Hypertensive Rat Model of ADHD

Paul E.A. Glaser*, Erin M. Miller, Greg A. Gerhardt

University of Kentucky, Lexington, USA

Background: Attention-deficit/hyperactivity disorder (ADHD) is
theorized to be a disorder of catecholamine dysfunction; however,

ACNP 50th Annual Meeting

S83



Abstracts

S84

recent evidence suggests that glutamate may play some role.
Clinical studies of children and adults with ADHD show increased
levels of glutamate/glutamine in the striatum and prefrontal cortex
and studies of signaling interactions between the dopamine and
glutamate systems demonstrate that dopamine D2 receptors
are involved in downstream inhibition of the NMDA receptor.
Our group has previously shown that D4DR knockout mice
have lowered basal ganglia DA and elevated glutamate in the
prefrontal cortex. We have recently shown that the spontaneously
hypertensive rat model of ADHD, combined type (SHR/NCrl -
from Charles River line) has decreased evoked dopamine release in
the dorsal striatum versus a model of ADHD inattentive type
(WKY/NCrl) and faster dopamine uptake in the striatum and
nucleus accumbens core in the SHR/NCrl versus control (WKY/
NHsd). For this study, we hypothesized that altered dopamine
dynamics in the striatum may be leading to more active NMDA
receptor signaling resulting in increased glutamate output in
the striatum, nucleus accumbens, and prefrontal cortex in the
SHR rats.

Methods: Tonic and KCl-evoked release of glutamate were
investigated in the striatum, nucleus accumbens, and prefrontal
cortex of 8 week old anesthetized WKY/NHsd, WKY/NCrl, and
SHR/NCrl.We utilized an enzyme-based microelectrode array
(MEA) that was selective for glutamate measures with fast
temporal (2Hz) and high spatial (15 x 333 pm) resolution. A two-
way analysis of variance followed by a Bonferonni post-hoc test
was used to analyze resting and KCl-evoked glutamate levels.
Results: SHR rats showed higher tonic and KCl-evoked release of
glutamate in all sub-regions of the striatum (vs. control/ WKY/
NCrl: tonic - dorsal 230%/305%, intermediate 330%/530%, ventral
330%/330%: evoked - dorsal 150%/130%, intermediate 265%/320%,
ventral 240%/315%), the core of the nucleus accumbens (vs. control/
WXKY/NCrl: tonic - 295%/375%: evoked - 270%/210%) as well as the
prefrontal cortex (vs. control/ WKY/NCrl: tonic - prelimbic 230%/
150%, infralimbic 225%: evoked - prelimbic 230%/530%, infralimbic
315%) - all areas highly implicated in ADHD (p <o0.05). Therefore
SHR rats displayed increased levels of glutamate in all regions
compared to the WKY/NHsd control. SHR rats showed significant
increase in glutamate levels in the most areas when compared to the
WKY/NCrl model of inattentive type ADHD, except for the
infralimbic prefrontal cortex, which was significantly elevated in
both models when compared to control (WKY/NHsd).
Discussion: We have demonstrated elevated glutamate dynamics
in the prefrontal regions of SHR rats which correlates with similar
findings in D4DR knockout mice. These findings suggest that
glutamate regulation may also be a potential target for pharma-
cotherapy in ADHD.

Disclosure: P. Glaser: None. E. Miller: None. G. Gerhardt: Part 1:
Quanteon Inc., Part 4: Eli Lilly.

21. Haploinsufficiency of the Intellectual Disability and Autism
susceptibility gene, SynGAPI1, causes Premature Excitatory
Synapse Development and Neonatal Hippocampal Dysfunction
Gavin Rumbaugh*, James Chelliah, Max Aceti

Scripps Florida, Jupiter, USA

Background: Disruptions to the molecular mechanisms controlling
glutamatergic synapse structure and function are believed to
underlie certain neurodevelopmental disorders, such as Intellec-
tual Disability (ID), Autism Spectrum Disorder (ASD) and
schizophrenia. Deleterious mutations in several synaptic proteins
have been liked to these disorders, though the impact of such
mutations on neural development and cognitive maturation is
unclear. Recently, haploinsufficiency of the gene that encodes the
essential synaptic RasGAP, SynGAP, was shown to cause ID in
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3-4% of sampled patients. CNVs of this gene are linked to ASDs
and SynGAP expression levels are altered in elderly patients with
schizophrenia. Because SynGAP is exclusively localized to fore-
brain dendritic spines, where it directly regulates G-protein
signaling controlling glutamatergic synapse structure and function,
the neurodevelopmental outcome of SynGAP1 mutations may
provide valuable insight into the patho-neurobiology underlying
these disorders.

Methods: The mice used for in this study were a mixed genetic
background of 129sv/ev (Taconic) and c57/B6] (Jackson Labs).
Electrophysiological studies were carried out in mice at three
different age groups: PND8-9, PND14-16, PND > 60. Two-photon
imaging of dendritic spines in acute slices was performed by
exciting eGFP in SynGAP Het mice crossed to THY1-GFPm mice.
Laser photo-stimulation was performed by uncaging glutamate in
the dentate gyrus and then measuring spread of activity using a
voltage sensitive dye. Dentate gyrus function was assessed by
mouse performance in a memory test designed to to test pattern
separation.

Results: We show that excitatory synapses in the hippocampus of
SynGAP1 haploinsufficient mice develop at an accelerated rate
starting in the second postnatal week. The changes in synaptic
function were specific to glutamatergic synapses and were caused
by elevated AMPAR function. There were no observed alterations
to intrinsic neuronal properties or inhibitory currents onto
glutamatergic neurons. At this same point in development,
SynGAP mutants exhibited enhanced excitability of the hippo-
campal tri-synaptic circuit. Laser photo-stimulation of the dentate
gyrus resulted in a more than 8-fold increase in signals reaching
CA1 from Hets compared to WT mice. In addition, SynGAP P16
SynGAP Hets also exhibited an enhanced seizure threshold and
audiogenic seizures, while also exhibiting behavioral abnormalities
related to hippocampal dysfunction. These developmental disrup-
tions had persistent consequences because adult mutants per-
formed poorly on a test for pattern separation, a memory test
designed to assess hippocampal function during memory encoding
and retrieval.

Discussion: We conclude that SynGAP expression restricts
the functional maturation of glutamatergic synapses by tem-
pering AMPAR accumulation at postsynaptic sites. This negative
tuning of glutamatergic synapses by SynGAP appears essential
for maintaining the balance of neural excitability in deve-
loping hippocampal networks, which has implications for the
organization of connected brain regions and the emergence of
cognitive ability. SynGAP tempers synaptic function by down-
regulating signals in dendritic spines that promote plasticity. Thus,
these studies provide a neurobiological link connecting a disease-
causing genetic mutation to the abnormal development of neural
circuits that underlie human intellectual ability.

Disclosure: G. Rumbaugh: None. J. Chelliah: None. M. Aceti:
None.

22. Neurogenesis is not Required for Lithium’s Effect in the
Forced Swim Test suggesting that Lithium’s Antidepressant-Like
Effect is not Mediated via GSK-3 Inhibition

Galila Agam?*, Nirit Kara, Sapna Narayan, Haim Einat,

Vidita Vaidya, R.H. Belmaker

Ben Gurion University of the Negev, Beersheva, Israel

Background: Despite six decades of use in the clinics and intensive
research the molecular mechanism underlying lithium’s mood
stabilizing effect has not been unraveled. Among suggested
hypotheses two central ones are the inositol depletion via
inhibition of inositol monophosphatase and neuroprotection,
mostly via inhibition of GSK-3. Chronic lithium treatment has



been demonstrated to increase dentate gyrus neurogenesis in
adult rodents (Chen et al., ] Neurochem 2000) to reduce mice
immobility in the Porsolt forced-swim test (FST) model of
depression and to attenuate amphetamine-induced hyperlocomo-
tion model of mania. Bessa et al. (Mol Psychiatry 2009) showed
that antidepressants retain their antidepressant-like effect in the
FST even when neurogenesis is blocked by the cytostatic agent
methylazoxymethanol (MAM). The DNA-alkylating agent temo-
zolomide (TMZ) which penetrates efficiently the blood brain
barrier and exhibits an advantageous side effect profile has also
been shown to suppress neurogenesis in adult mice. We
hypothesized that similarly to Bessa et al’s finding blockade of
neurogenesis will not affect the behavioral impact of lithium.
Specifically, we studied whether lithium-induced decreased
immobility in the FST and attenuated amphetamine-induced
hyperactivity remain under neurogenesis-arrest conditions.
Methods: Four groups of mice (control, Li, MAM or TMZ and Li +
MAM or Li+ TMZ) were administered bromodeoxyuridine (BrdU)
and studied behaviorally.

Results: Daily administration of 1.5 mg/kg MAM or 25 mg/kg TMZ
for 14 days had no effects on general behavioral parameters.
As expected, the regime of MAM or TMZ treatment reduced
neurogenesis efficiently and lithium treatment reduced immobility
in the FST but MAM or TMZ pretreatment did not block the latter
effect.

Discussion: The results suggest that lithium’s effect on neuro-
genesis is not involved in its antidepressant-like mechanism in
the FST. Given ample evidence suggesting that lithium promotes
neurogenesis via GSK-3f inhibition (Wexler et al., Mol Psychiatry
2008) it is plausible that lithium’s antidepressant-like effect is not
mediated via GSK-3P inhibition. Preliminary results in our lab
show increased neurogenesis in homozygote knockout mice of the
inositol transporter. Since these mice exhibit lithium-like reduced
brain inositol levels and behavioral phenotype in the FST and
the amphetamine-induced hyperactivity paradigm (Agam et al,
Biochem Soc Trans 2009 and unpublished data)we suggest that
inositol depletion rather than GSK-3 inhibition mediate lithium’s
mood stabilizing effects.

Disclosure: G. Agam: None. N. Kara: None. S. Narayan: None.
H. Einat: None. V. Vaidya: None. R. Belmaker: None.

23. HDAC6 Regulates GR Signaling in Serotonin Pathways with
Critical Impact on Stress Resilience

Julie Espallergues, Sarah L. Teegarden, Sheryl G. Beck,

Olivier Berton*

UPENN, Philadelphia, USA

Background: Genetic variations in certain components of the
glucocorticoid receptor (GR) chaperone complex have been
associated with the development of stress-related affective
disorders and with individual variability in therapeutic responses
to antidepressants (ATD). Mechanisms that link GR chaperoning
to stress-related disorders are not well understood. Here, we
demonstrate that the effects of glucocorticoid hormones on
affective behaviors are critically regulated via reversible acetylation
of Hspgo, a key component of the GR chaperone complex. We
provide pharmacological and genetic evidence indicating that the
cytoplasmic lysine deacetylase HDAC6 controls Hspgo acetylation
in the brain and thereby modulates Hspgo-GR protein-protein
interactions and GR downstream signaling, with a critical impact
on stress resilience.

Methods: 1) We conducted an analysis of gene expression profiles
associated with resilience and ATD responses in raphe nuclei.
After 10 days of social defeat (SD), experimental mice were
stratified into stress resilient or stress vulnerable subpopulations
based on a measure of social avoidance. Cohorts were subse-
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quently treated with imipramine or vehicle for 28 days. Micro-
arrays and qPCR were used to quantify gene expression changes.
Fluorescently tagged serotonin (5-HT) neurons were enriched by
LCM from Epet-YFP midbrain tissues. This transcriptome analysis
identified HDAC6 as one of the most robustly regulated gene. The
ability of a wider range of ATD from various chemical classes to
regulate HDAC6 expression was then examined under cell culture
conditions using the RN46 immortalized raphe neuronal cell line.
Distribution of HDAC6 mRNA and protein was also mapped
across the entire mouse brain using in ISH and IHC. 2) We used a
HDACS loss of function strategy to examine the influence of this
gene on stress vulnerability and on morphological and electro-
physiological characteristics 5-HT neurons. Cre-lox mediated
recombination was used to generate 2 lines of mice harboring a
pan-neural or serotonin-specific conditional depletion of HDAC6.
These mice were subjected to an extensive behavioral profiling
comprising several measures of depression-related behaviors.
Under baseline conditions and after 10 days of SD, whole cell
recordings and morphological analyses in biocytin-filled 5-HT
neurons were also conducted from midbrain slice in WT and
HDAC6 deficient mice.

3) We examined the ability of HDAC6 to regulate downstream GR
signaling and modulate behavioral and neurophysiological effects
of glucocorticoid hormones. Hspgo acetylation and Hspgo-GR
protein-protein interactions were examined using Hspgo IP
followed by WB. GR nuclear translocation was examined in
response to SD in vivo and following Dexamethasone treatment in
cell culture. Expression of GR target genes was examined by qPCR.
Results: HDAC6 was highly enriched in serotonin neurons of the
Raphe. A significant albeit lower density HDAC6 immunopositive
cells was also observed in the hippocampus and lateral septum.
HDAC6 in raphe cells was consistently downregulated after
administration of ATDs from various chemical classes. Down-
regulation of HDAC6 also occurred spontaneously after SD in
stress resilient but not stress vulnerable mice. Selective loss of
HDACS6 in serotonin neurons was devoid of behavioral effects in
naive mice but promoted ATD-like responses in mice exposed to
inescapable stress, reducing social avoidance in the SD paradigm
and decreasing immobility in the FST and TST. Serotonergic
depletion of HDAC6 also prevented SD-induced Hypoexcitability
and SD-induced hypertrophy of s5-HT neurons, 2 changes
occurring robustly in stress-vulnerable WT mice. Conditional
deletion of HDACG6 resulted in the hyperacetylation of o-tubulin
and Hspgo, but had no effect on acetylation of Histone H3. Hspgo
hyperacetylation was associated with a decreased association
between Hspgo and GR. Both pharmacological inhibition and
genetic depletion of HDAC6 antagonized hormone- and stress
-induced nuclear translocation of GR in raphe neurons and
prevented transcriptional, electrophysiological and pro-depressant
effects of exogenously administered glucocorticoids.

Discussion: Our results identify HDAC6 as a novel target for
pro-resilience and ATD interventions via focal prevention of GR
signaling in serotonin pathways. Our data also uncover a
fundamentally novel mechanism by which pan-HDAC inhibitors
may regulate stress-related behaviors independently of their
actions on histones.

Disclosure: ]. Espallergues: None. S. Teegarden: None. S. Beck:
None. O. Berton: None.

24. Linking Depression to Inflammation through Dysregulated
Glycogen Synthase Kinase-3 (GSK3)
Eleonore Beurel*, Richard S. Jope

University of Miami, Miami, USA

Background: Accumulating evidence shows that inflammation
strongly influences the development and treatment of depression,
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a debilitating disease with a lifetime incidence of ~20%.
Inflammatory molecules are elevated in many patients with
depression, administration of inflammatory cytokines induces
depression in susceptible people, and inflammation in rodents
causes depressive-like behaviors and impairs antidepressant
therapeutic effects. We identified glycogen synthase kinase-3
(GSK3) as an important regulator of the immune system that
could contribute to its action in promoting susceptibility to mood
disorders.Previous links of GSK3 to mood disorders include:
(a) GSK3 is inhibited by mood stabilizers and antidepressants,
(b) pharmacologicalor geneticreduction of GSK3 activity reduces
depression-like behaviors in rodents, (c) GSK3 is activated when
serotonergic signaling is deficient, (d) neurotrophins such as
brain-derived neurotrophin factor that may be deficient in
depression normally inhibit GSK3, and (e) studies of human
serum, postmortem brain, and polymorphisms implicate GSK3
in mood disorders.

Methods: GSK3 activity was increased by using GSK3a/f3
knockin mice with serine-to-alanine mutations to block inhibitory
serine-phosphorylation of GSK3 or was decreased by admini-
stration of GSK3 inhibitors (lithium, CHIR99021 and TDZD-8).
Levels of inflammatory cytokines were measured in supernatants
of cultures of primary astrocytes and microglia, in CD4 " T cells, or
in brains of mice subjected to immune challenges. Activation of
the transcription factor signal transducer and activator of
transcription-3 (STAT3) was assessed in astrocytes, CD4™ T cells
and brain. The learned helplessness paradigm of depression-like
behavior was evaluated in adult male mice.

Results: Inhibition of GSK3 or knockdown of GSK3 inhibited
inflammatory cytokine production by astrocytes and microglia and
blocked the inflammatory activation of the transcription factor
STAT3. Blocking cytokine production and downregulation of
STAT3 by GSK3 inhibition reduced the differentiation of T cells
towards pathogenic Thiy cells, whereas active GSK3 promoted
depressive-like behavior in mice and increased Thiy cells in mouse
brain.

Discussion: Altogether, these findings indicate that GSK3 promotes
inflammatory immune system activation and depression-like
behavior. Activation by dysregulated GSK3 of the immune system
may contribute to susceptibility to mood disorders and be
controlled by mood stabilizers.

Disclosure: E. Beurel: None. R. Jope: None.
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25. Native Immune System Regulation of the Brain Serotonin
Transporter

Chong-Bin Zhu, Kathryn Lindler, Nicole Baganz, William Hewlett,
Randy Blakely*

Department of Pharmacology, Vanderbilt University School of
Medicine, Nashville, USA

Background: Both the homeostasis of central serotonin (5-HT)
signaling and immune system activation have been linked to
psychiatric conditions such as depression, obsesive-compulsive
disorder, and autism spectrum disorder. Dissecting the interaction
between the serotonergic signaling and immune system activation
may shed insight on these disorders and provide new therapeutic
opportunities. The 5-HT transporter (SERT), which supports 5-HT
inactivation and recycling, is tightly regulated by multiple
signaling pathways including those initiated by receptor activation
by the proinflammatory cytokines IL-1b and TNF-a. We have
shown that these cytokines stimulate SERT activity in a p38
MAPK-dependent in raphe-derived cells in vitro and in mouse
synaptosomes ex vivo (Zhu et al., 2006). Recently we demonstrated
that IL-1 receptor (IL-1R) KO mice fail to display brain SERT
stimulation following peripheral immunological challenges (Zhu
et al., Neuropsychopharmacology 2010).

ACNP 50th Annual Meeting

Methods: We examine SERT/IL-1R receptor/p38 MAPK colocaliza-
tion by immunofluorescence. We examine IL-1R/SERT interactions
through co-immunoprecipitations of co-transfected cells. We
examine SERT phosphorylation using SERT immunopreciptation
following IL-1R activation with IL-1b in SERT/IL-1R cotransfected
cells. We use homologous recombination to develop floxed IL-1R
mice. We use floxed p38 MAPK mice crossed to ePET-1 Cre
animals to achieve raphe-specific elimination of p38 MAPK.
Synaptosomal transport assays are used to assess SERT activity
under basal conditions and following in vitro IL-1b stimulation or
i.p. LPS injections.

Results: We provide evidence that IL-1R co-localizes with SERT in
the dorsal raphe. In Chinese Hamster Ovary (CHO) cells
transiently transfected with IL-1R and SERT, we find that SERT
physically associates with IL-1R, and that SERT phosphorylation is
enhanced by the treatment with IL-1b (100 ng/mL). Generation of
animals with conditional raphe IL-1R deletion is underway to
explore whether IL-1Rs expressed in serotonergic neurons is
sufficient to mediate systemic LPS effects. Systemic injection of
LPS produces enhanced phosphorylated p38 MAPK in serotonergic
raphe neurons. We find that raphe p38 MAPK (both total and
phosporylated) immunoreactivity is lost in animals bearing a
raphe-specific deletion of p38 MAPK, and these animals fail to
report LPS-induced SERT stimulation.

Discussion: Our results indicate that IL-1R and midbrain p38
MAPK are critical in immune stress-stimulated central SERT
activity and suggest that changes in SERT activity induced by these
pathways can contribute to altered presynaptic 5-HT homeostasis.
Our studies indicate that p38 MAPK expressed in the raphe is
critical to systemic immune system activation of SERT. Our
biochemical findings support the possibility that IL-1R mediated
activation of p38 MAPK and SERT phosphorylation supports SERT
activation in serotonergic terminals. Studies are underway to
examine how these signaling pathways impact 5-HT linked
behaviors.

Disclosure: C. Zhu: None. K. Lindler: None. N. Baganz: None.
W. Hewlett: None. R. Blakely: None.

26. Fewer Mature Neurons in the Anterior Dentate Gyrus in
Major Depression: Rescue by Antidepressants

Maura Boldrini*, Laika R. Simeon, Tanya H. Butt,

Mihran J. Bakalian, Kelly M. Burke, Mark D. Underwood,
Gorazd B. Rosoklija, Andrew J. Dwork, René Hen, J. John Mann,
Victoria Arango

Department of Psychiatry, Columbia University, New York, USA

Background: We previously reported that subjects with major
depression (MDD) treated with antidepressants have more neural
progenitor cells (NPCs) in the anterior dentate gyrus (DG),
compared with untreated MDD and controls, although this effect is
more pronounced before 45 years of age. We found no evidence of
less neurogenesis in untreated MDDs; specifically there were not
fewer neural progenitor cells (NPCs) in untreated MDDs compared
with non-psychiatric controls of the same age and sex. Never-
theless, the maturation of NPCs may be altered in MDD and,
similarly, antidepressants might affect neuron differentiation and
maturation. Lesion studies in rats and functional studies in
primates have shown a functional dissociation of the anterior and
posterior DG. Therefore, we have now estimated the number of
mature granule cells at three anteroposterior levels of the DG:
uncal or anterior (pes), mid-body and posterior body, in five
matched triplets of non-psychiatric controls, untreated MDDs and
MDDs treated with selective serotonin reuptake inhibitors
(MDD*SSRIs) for at least three months before death, confirmed
by post mortem brain toxicology.



Methods: Tissue was obtained from the Macedonian/New York State
Psychiatric Institute Brain Collection. All research was conducted
with IRB approval. At autopsy, 2cm-thick coronal blocks of the
right hemisphere were flash-frozen in 1,1,1,2-tetrafluoroethane (-
26.3C) and stored at —80°C. All subjects underwent psychological
autopsy, brain pH determination, neuropathology and toxicology
screens. Over 30 drugs, including antidepressants and drugs of
abuse, were screened for and quantified in brain, blood and urine.
Frozen tissue blocks of the whole hippocampus from the three
groups (n =5 each) were fixed and sectioned at 50 um. Subjects were
matched for age (within 10 years, 17-62 years inclusive), sex
(females =6, males=9) and postmortem interval (PMI, within
10 hours, 4-24 hrs inclusive). Mature neurons were labeled by
immunocytochemistry (anti-NeuN mouse monoclonal antibody,
1:100,000; Chemicon, Temecula, CA). The number of granule cells in
the entire DG and in the three anteroposterior levels, were estimated
by stereology (Stereolnvestigator, MBF Biosciences Inc., Williston,
VT), sampling was performed every two mm.

Results: Granule cell number differs between controls (69,595 +
34,677; mean = SD), MDDs (21,052%7,993) and MDD*SRRIs
(47,794 £32,395) in the anterior DG (F=4.229, df=2,4,
p=.041). Untreated MDDs have fewer granule cells in the pes
compared with controls (p =o035). We did not find differences in
the number of granule cells in posterior DG. The number of
granule cells and NPCs correlate robustly in the pes (r=.714,
p=.014), mid body (r=.737, p=.010) and entire DG
(r=.698,p=.006). The granule cell number in the whole DG
correlated with the volume of the granule cell layer (r=.775,
p =.001) and the volume of the DG (including all its layers: granule
cell layer, molecular layer and subgranular zone, r =.788, p =.001).
Discussion: We found fewer granule cells in the anterior DG of
untreated MDDs compared with non-psychiatric controls. In
contrast, the number of granule cells in MDD treated with SSRIs
was comparable to that of controls. In our previous study, we could
not detect an effect of MDD on numbers of NPC or proliferating
cells. Therefore, fewer mature granule cells in MDD could be due to a
defect of maturation of NPCs or survival of granule cells in the DG.
Alternatively, a small decrease in NPC number at a specific point in
time may be harder to detect than the cumulative effect over a
lifetime, which is what we assess when we count total granule cells.
The smaller DG volume reported by some in vivo imaging studies in
MDD may be the result of fewer neurons, dendritic atrophy or fewer
glial cells. Our findings suggest that it could be related, at least in
part, to fewer granule cells in MDD. In vivo hippocampal volume has
been reported to increase with antidepressant medication in post-
traumatic stress disorder and MDD. Our findings are correlational
but suggest that SSRIs may normalize deficient NPC maturation and
differentiation or granule cell survival in MDD. The difference in
granule cell number between MDDs and controls was detected
selectively in the anterior DG. Since the anterior hippocampus is
reported to be more involved in emotion, the smaller number of
granule cells in the anterior DG in MDD, may affect mood regulation.
Disclosure: M. Boldrini: None. L. Simeon: None. T. Butt: None. M.
Bakalian: None. K. Burke: None. M. Underwood: None. G.
Rosoklija: None. A. Dwork: None. R. Hen: None. J. Mann: Part
4: Previous grants for unrelated research from GSK and Novartis.
V. Arango: None.

27. The Autism-associated Integrin Beta 3 Gene (ITGB3)
Modulates the Behavioral and Neurochemical Response to
Chronic Stress in Mice

Seth A. Varney, Christa F. Gaskill, Tammy Jessen, Ana Carneiro*

Vanderbilt University Medical Center, Nashville, USA

Background: Positive responses to stress involve adaptive
changes that certain individuals utilize to cope with stressful
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events, including modifications in the neuromodulatory home-
ostasis, alterations in synaptic structure and function. The
mechanisms by which these changes occur are not well under-
stood, although roles for glucocorticoids, brain-derived neuro-
trophic factor and serotonin have been described. The integrin
beta3 gene (ITGB3) has been repeatedly associated with autism and
elevated serotonin blood levels (hyperserotonemia), although
the mechanism by which integrin beta3 modulates brain develop-
ment and function remains unknown. In the brain, integrin beta3
associates with the alphav subunit forming the vitronectin
receptor. Integrin alphavbeta3 modulate the assembly of synapses
through the recruitment of scaffolding proteins that dictate
receptor localization and synaptic vesicle function. Recent
discoveries linking beta3-containing integrins subunit with ser-
otonergic systems led us to consider the hypothesis that
alphavbeta3 modulates the response to chronic stress. Here we
demonstrate that integrin beta3 signaling pathways are involved in
chronic stress response.

Methods: We utilized a combination of biochemical, neurochem-
ical and behavioral approaches to correlate alterations in integrin
beta3 signaling and chronic stress. We chose the unpredictable
chronic stress model (UCS) to trigger the stress response in mice.
Mice were divided into two groups to assess the effects of chronic
stress on depressive and anxiety related behaviors. The non-
stressed group was housed with littermates, while individuals
assigned to the stressed group were housed individually to
determine the effects of social isolation. Mice assigned to the
stressed group were exposed to one mild stress stimuli in a
randomized fashion for a duration of 7 weeks to allow ample time
for the development of depressive and anxious behaviors.
Behavioral testing was conducted during the last week of the 7
week procedure, and mice were not exposed to stressors before
behavioral testing. After the behavioral testing, mice were and
euthanized for biochemical and neurochemical measurements.
Results: Our first cohort consisted in C57BL/6] mice exposed to the
unpredictable chronic stress (UCS) model (N=7) and control
animals (N =5). Biochemical analyses reveal that both subunits of
the alphavbeta3 receptor are downregulated during chronic stress.
As a compensatory mechanism, the downstream adaptor proteins
talin and FAK are upregulated. These modifications correlate with
latency to immobility and immobility time in the forced swim test,
respectively. We then examined the behavioral and neurochemical
responses in mice with reduced integrin beta3 expression
(Itgb3). Our second cohort consisted on Itgh3 heterozygous mice
(Itgb37/+, N=14) and wild-type littermates (N =13). Stress-
induced reductions in weight gain and nestlet shredding were
observed in wild-type mice and absent in Irgh3™' * mice. Itgh3™'*
mice also displayed reduced response to stress in the elevated zero
maze and forced swim test, indicating that alphavbeta3 is involved
in the behavioral response to chronic unpredictable stress in mice.
Neurochemical analysis of brain tissue samples was conducted to
provide an indirect measure of monoamine neurotransmission.
Our findings demonstrate altered basal monoamine neurotrans-
mission in the midbrain and neocortex as well as differential
responses to chronic stress in Itgh3 ™' * mice relative to wild type
controls.

Discussion: Here we identify a novel signaling pathway involved in
the modulation of emotional reactivity in mice. Our studies
demonstrate that integrin alphavbeta3 represents a novel mechan-
ism by which the response to chronic stress is modulated. Both
alphav and talin expression levels are correlated with immobility
in the forced swim test, suggesting that reduced alphavbeta3 levels
may influence the depressive response to chronic stress. Indeed,
Itgh3™'" mice are resilient to stress as measured in the forced
swim test. Itgh3*/~ mice also exhibit increased basal anxiety and
diminished stress-induced alterations in these behaviors. Neuro-
chemical results indicate that integrin alphavbeta3 influences
serotonergic metabolism and neurotransmission, which may
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underlie observed differences in the behavioral responses. Given
the roles of integrin alphavbeta3 in the modulation of the serotonin
and glutamate systems, our further investigation of this novel
network promises insights into the pathophysiology of depression
and post-traumatic stress disorder.

Disclosure: S. Varney: None. C. Gaskill: None. T. Jessen: None.
A. Carneiro: None.

28. Stimulation of the Innate Immune System is Accompanied by
Modulation of Protein Expression and Phosphorylation State of
Synaptic Markers in the Hippocampus

Janet A. Clark*, Ankita Narayan, Maryam Nizami, Brian J. Platt

Drexel University College of Medicine, Philadelphia, USA

Background: Clinical evidence suggests that pro-inflammatory
cytokines play an important role in the pathology of Major
Depressive Disorder (MDD). Elevated circulating pro-inflamma-
tory cytokines can be found in depressed patients. Stimulation of
the primary host defense system and immunotherapy such as is
used in the treatment of multiple sclerosis has been shown to
precipitate depressive symptoms. In addition, acute treatment with
pro-inflammatory cytokines has been shown to increase glutamate
function in the CNS. Thus inflammation may lead to a state
of CNS glutamatergic hyperfunction such as that thought to exist
in MDD. The studies described herein begin to elucidate the
neuroadaptive mechanisms in the hippocampus associated with
elevated circulating pro-inflammatory cytokines, induction of
indoleamine-2,3-dioxygenase (IDO) and associated behavioral
changes. We have treated CD-1 mice with BacilleCalmetteGuerin
(BCG) to stimulate the innate immune response and examined
hippocampal tissue from these animals for changes in protein
expression and phosphorylation state of markers for a glutama-
tergic synapse.

Methods: Male CD1 mice 8- to 10-week were housed individually
under a normal 12:12h light:darkcycle. Food and water were
available ad libitum. Mice were handled daily for at least 1 week
before the onset of the experiment to minimize stress reactions to
manipulation. All animal care and use were conducted in
accordance with the Guide for the Care and Use of Laboratory
Animals (NRC) and approved by the Institutional Animal Care and
Use Committee. Mice were injected with saline or BCG (10”7 CFU/
mouse in 200 ul, i.p.) a live attenuated vaccine for tuberculosis.
All mice were weighed for 5 days before treatment and for
7 consecutive days after. Plasma cytokines were measured using
the Luminex XMap technology. Total RNA was isolated from lung
tissue, DNase-treated and used to synthesize cDNA for real-time
RT-PCR using the TagMan technology to assess changes in
cytokine and IDO mRNA. Hippocampal tissue was processed in
homogenization buffer and changes in total protein expression
and phosphorylation state for GLUR1, NR1, and CREB and total
protein expression of synaptophysin and PSDgs5 were assessed
using polyacrylamide gel electrophoresis, transfer of proteins to
nitrocellulose, hybridization with primary antibodies and the use
of LiCor Infrared imaging. Beta-actin total protein was used to
normalize the quantitative measure of the changes in protein
expression and phosphorylation state.

Results: Transient body weight loss shortly after BCG inoculation
together with an enlargement of the spleen, a significant increase
in lung cytokine and IDO mRNA expression and elevation in
plasma cytokines served as positive controls for BCG treatment
efficiency in stimulating the innate immune response. Data from
these studies confirm the development of an acute sickness
behavior and are in agreement with data published by Moreau
and colleagues. Hippocampal tissue from the above mentioned
experiments was examined for changes in expression and
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phosphorylation state of synaptic markers as a measure of
neuroadaptive changes at g9days post BCG treatment, a time point
where a depressive phenotype has been reported previously. Our
preliminary data show an increased expression of the AMPA
receptor subunit GLUR1 (207 £ 34% saline control, p =0.0086), the
post synaptic density protein PSD95 (206 + 42% saline control,
p=o0.03), synaptophysin (156 = 6.6% saline control, p=0.0055)
and an increase in phosphorylation of GLUR1 Ser845 (145t 17%
saline control, p=0.0278) at 9 days post BCG treatment. CREB
total protein showed a trend toward an increase (155 16% saline
control, p=0.08) at the same time point but no significant change
in CREB total protein or phosphorylation was detected. Neither
total protein expression for the NMDA receptor subunit NR1 nor
phosphorylation of NR1 at Ser896 were altered by BCG treatment
in hippocampal tissue.

Discussion: We have shown that stimulation of the innate immune
response with BCG corresponds with changes in the expression
and phosphorylation state of both presynaptic and postsynaptic
markers in the glutamatergic synapse in the hippocampus. Our
data suggest that neuroadaptive changes in the glutamatergic
system are stimulated by BCG treatment. Future studies will focus
on determining the physiological relevance of these synaptic
changes by looking at hippocampal dependent cognitive tasks in
BCG-treated animals.

Disclosure: J. Clark: Part 4: Brian Platt’s (Research Asso-
ciate) salary is supported in part by a grant from the Merck
Investigator Initiated Studies Program (January 2011 to present).
A. Narayan: None. M. Nizami: None. B. Platt: Part 4: Salary is
supported in part by a grant from the Merck Investigator Initiated
Studies Program (January 2011 to present).

29. Calcium Sensing Proteins in Depressive Disorder
Yogesh Dwivedi*, Hui Zhang, Ghanshyam N. Pandey

University of Illinois at Chicago, Chicago, USA

Background: Major depressive disorder is the most prevalent
form of psychiatric disease, severely affecting 2-5% of the US
population and is the major cause of suicide. Recent preclinical
and clinical studies demonstrate that altered synaptic and
structural plasticity play a critical role in the pathogenic
mechanisms of depression; however, the precise molecular and
cellular nature of events that lead to such altered plasticity remains
unclear. Ca®*is one of the most important molecules that play a
decisive role in initiating and regulating synaptic and structural
plasticity. A considerable body of evidence points to altered Ca*>”*
homeostasis and Ca®*signaling in MDD. Ca®"sensing proteins,
such as calmodulin (CaM), and the more recently identified
neuronally expressed families of Ca®* binding proteins (CaBP) and
neuronal Ca®*sensing (NCS) proteins, which act as effector
molecules to transduce Ca” " signals to specific downstream events,
have become a major focus of interest as molecular switches for
synaptic and structural plasticity phenomena. Interestingly, each
Ca’ " sensing protein differs: 1) in their affinity for Ca®>*, 2) the
manner by which they respond to elevated Ca**, and 3) in their
target proteins with which they interact and modulate specific
neural network/pathways. In the present study we tested the
hypothesis whether calcium sensing proteins play a role in
depression.

Methods: To examine the status of calcium sensing proteins,
mRNA levels of various eural calcium sensing proteins were
determined in dorsolateral prefrontal cortex of age-, gender, and
postmortem interval-matched normal controls and major de-
pressed subjects. To examine whether the changes in expression of
calcium sensing proteins are specific to depression, we examined
their expression levels in dorsolateral prefrontal cortex of bipolar



and schizophrenia subjects. A total of 20 subjects in each group
were included. The mRNA levels of calcium sensing proteins were
determined by qPCR using TaqgMan primers and probes.
Geometric means of expression levels of GAPDH and beta-actin
were used as endogenous control.

Results: ANCOVA, (age, postmortem interval, brain pH as
covariates) followed by pairwise between-group comparisons,
revealed that mRNA level of CS-1 was significantly decreased in
MDD, whereas its level was increased in BPD and SCHIZ as
compared to normal controls. On the other hand, mRNA levels
of hippocalcin, neurocalcin 3, CaBP1, and VILIP1 were decreased
only in MDD. In contrast, VILIP3 mRNA was increased in
BPD. Further correlation analysis showed that mRNA levels of
these eural calcium sensing proteins were not affected by age,
postmortem interval, or brain pH (p values ranged between .23-.89).
Discussion: Our study demonstrates that various calcium sensing
proteins are decreased in prefrontal cortex of depressed subjects.
These decreases were specific to depression as schizophrenia and
bipolar subjects either showed no change or showed differential
regulation. Our study suggests the possibility that altered
expression of calcium sensing proteins could be associated with
altered neural plasticity in depressed subjects.

Disclosure: Y. Dwivedi: None. H. Zhang: None. G. Pandey: None.

30. Activity-Dependent Expression of sFRP3 Regulates Adult
Hippocampal Neurogenesis and Antidepressant Actions
Mi-Hyeon Jang*, Yasuji Kitabatake, Junjie U. Guo, Ju-Young Kim,
Kurt A. Sailor, Guo-li Ming, Hongjun Song

Institute for Cell Engineering, Johns Hopkins University School of
Medicine, Baltimore, USA

Background: Major depression is one of the most common mental
disorders affecting millions of people worldwide. Emerging
evidence has shown that the all classes of antidepressants exhibit
a significant stimulatory role on adult hippocampal neurogenesis,
the process of generating mature neurons from neural progenitors.
In addition, adult neurogenesisis required for some of the
behavioral effects of antidepressants in rodents, suggesting that
neurogenesis plays a crucial role in the mechanism of antidepres-
sant actions. The molecular and cellular mechanisms underlying
the modulation of different stages of adult neurogenesis by
antidepressants are not fully understood. Here we identified
secreted frizzled related protein 3 (sFRP3), a Wnt inhibitor highly
expressed in the adult dentate gyrus, as a key regulator of activity-
dependent modulation of neurogenesis by antidepressants in the
adult brain. These findings indicate that sFRP3 serves as a key
regulator that controls adult neurogenesis and antidepressant
actions.

Methods: In order to evaluate the specific role of sFRP3 in adult
neurogenesis and antidepressant action, we utilized multiple
histological techniques, retroviral-based single cell genetic mani-
pulations, confocal imaging, animal behaviors and animal genetic
model systems.

Results: We demonstrated that deletion of the gene encoding sfrp3
enhances several essential steps of adult hippocampal neurogen-
esis in vivo, including proliferation of neural progenitors,
maturation, migration and dendritic growth of newborn dentate
granule cells in the adult brain. Interestingly, stimulation of the
adult hippocampal neuronal circuitry leads to a rapid decrease of
sfrp3 expression in the dentate gyrus, resulting in accelerated
development of newborn granule cells in vivo. In addition, chronic,
but not subchronic treatment with an antidepressant suppresses
sfrp3 expression in the dentate gyrus and sFRP3 null mice exhibit
behavioral phenotypes mimicking wild-type mice receiving anti-
depressants.
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Discussion: Our study identifies sFRP3 as a key regulator of not
only adult neurogenesis but also antidepressant actions, and
suggests a potential therapeutic target for the treatment of
depression. These discoveries provide a strong body of evidence
in support of the essential role of adult neurogenesis in mediating
the benefits of antidepressant treatment and thus will be a
foundation for further clinical studies and developing new
therapeutic interventions.

Supported by NIMH (Kg99/Roo) and NARSAD to M-H. J. and by
NARSAD and NIH to H-J. S.

Disclosure: M. Jang: None. Y. Kitabatake: None. J. Guo: None.
J. Kim: None. K. Sailor: None. G. Ming: None. H. Song: None.

31. The FGF14:Nav Channel Complex is a New Target of the
Akt/GSK3 Signaling Pathway

Fernanda Laezza*, Alexander Shavkunov, Tetyana Buzhdygan,
Miroslav Nenov

UTMB, Galveston, USA

Background: Mood disorders are emotionally and cognitively
debilitating illnesses afflicting millions of people in the USA and
potent, specific pharmacotherapies are needed. In bipolar mood
disorders the increased activity of glycogen synthase kinase 3
(GSK3) correlates with neuronal hyperexcitability. Empirical
evidence indicates that anticonvulsants and lithium salts that
respectively minimize the activity of the voltage-gated Na+ (Nav)
channels and GSK3 can act synergistically in remitting clinical
symptoms of bipolar disorder. This evidence suggests that mood
stabilizers might converge on a common molecular target.
Discovering this target will potentially provide insights into the
complexity of the disease and offer an unprecedented opportunity
for medication development. Previous discoveries demonstrate
that the fibroblast growth factor 14 (FGF14) is a relevant
component of the Nav channelosome that controls channel
targeting and neuronal excitability through a direct interaction
with the Nav channel intracellular C-tail. Here, we provide exciting
data demonstrating that FGF14:Nav channel complex is a direct
target of GSK3P and that GSK3f activity facilitates the FGFi4
assembly to Nav channels, supporting a model in which increased
activity of GSK3f results in hyperexcitability through modulation
of the FGF14:Nav channel complex.

Methods: We have applied the split luciferase complementation
assay (LCA) to detect the assembly of the FGF14:Nav1.6 channel
complex real-time in living cells. Two complementary N-terminus
(NLuc) and C-terminus (CLuc) fragments of luciferase were
respectively fused to FGF14 and to a chimera of the CD4
transmembrane segment and the C-tail of the Navi.6 channel.
Plasmids were transiently co-expressed in HEK293 cells and
interaction was detected upon d-luciferin addition as lumines-
cence. LCA was employed to screen a library of kinase inhibitors
seeking compounds that could robustly and specifically regulate
the FGF14:Nav channel complex formation. Kinase inhibitors
were delivered to cells 2 hours prior luminescence readings.
Co-immunoprecipitation studies were conducted in HEK293 cells
stably expressing full length Navi.2 channels and transiently
transfected with a plasmid vector encoding FGF14-6xmyc. Addi-
tional studies aiming at validating the effect of selective kinase
inhibitors on the FGF14: Nav channel complex were conducted
using quantitative immunolabeling of native FGF14 and Nav
channels and single cell patch-clamp electrophysiology in primary
hippocampal neurons.

Results: As a result of a kinase inhibitor screening, we show that
the FGF14:Nav1.6 channel complex assembly is bi-directionally
controlled by GSK3p and by the GSK3p constitutive repressor,
protein kinase B (Akt). Using a combination of LCA and
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co-immunoprecipitation we demonstrate that pharmacological
inhibition of Akt and GSK3B increases (375%24%, n=4,
p<o.001) and prevents (22+2%, n=4, p<o0.001), respectively,
the FGF14:Nav channel complex formation, whereas inhibition
of GSK3f occludes the effect of Akt inhibition (51% 2%, n=4,
p<o.001). Using quantitative immunofluorescence, we demon-
strate that exposure of hippocampal neurons to the Akt inhibitor
triciribine (30 uM, 8 hours) causes an increase in the FGF14:Nav
channelosome axonal polarity compared to control, by changing
the AIS/dendrite distribution of the two proteins (n=9, p<o.01),
whereas an opposite phenotype is observed upon exposure of
neurons to GSK3 XIII inhibitor (30 uM, 8 hours, n=6, p<o.01).
Furthermore, we show that prolonged exposure of neurons to
triciribine (30 pM; 24 hours) induced a statistically significant
increase in maximal firing frequency (n =5, p <o0.05), suggesting a
functional correlation between excitability and the increased
expression of the FGF14:Nav channel complex at the AIS induced
by Akt suppression.

Discussion: While providing evidence for a novel link between
GSK3P and neuronal excitability, these results offer a potential
opportunity for medication development against mood disorders
and other human diseases associated with hyperexcitability and
dysfunction of the GSK3 signaling pathway.

Supported by the Institute for Translational Sciences and the
PhRMA Foundation.

Disclosure: F. Laezza: None. A. Shavkunov: None. T. Buzhdygan:
None. M. Nenov: None.

32. Optical Activation of Nucleus Accumbens Neurons Modulates
Depression- and Anxiety-Like Behaviors

Samir Zaman, Pamela J. Kennedy, David M. Dietz, Eric J. Nestler,
Mary Kay Lobo*

Department of Anatomy and Neurobiology,
Maryland School of Medicine, Baltimore, USA

University of

Background: The nucleus accumbens (NAc) plays a crucial role in
regulating mood, including maladaptive behaviors seen in depression
and anxiety disorders. Recently, deep brain stimulation (DBS) of the
nucleus accumbens was shown to alleviate depression and anxiety
symptoms in patients suffering from treatment resistant depression.
Methods: We employ optogenetic technologies to apply repetitive
(5 days) high frequency (130 Hz) and low frequency (10Hz)
stimulation to NAc neurons, using adeno-associated viruses
(AAVs) expressing Channelrhopsin-2 (ChR2), in animals exhibit-
ing social avoidance (a depression-like behavior) after chronic
social defeat stress. Additionally, we optogenetically activate
specific NAc neuronal subtypes with a low frequency stimulation
(10Hz) during acute mood-related behaviors including tail
suspension test (TST-a form of stress) and elevated plus maze
(EPM-a measure of anxiety).

Results: Repetitive high frequency, but not low frequency, ChR2
activation of NAc neurons reversed the social avoidance seen after
chronic social defeat stress. Furthermore, low frequency stimulation
of dopamine receptor 1 (D1)-containing NAc projection neurons
during acute mood-related behaviors decreased time spent immobile
during the TST and increased time in the open arms in the EPM.
Discussion: These results provide insight into the mechanism
of DBS stimulation in the NAc, since directly activating NAc
neurons repetitively with high frequency stimulation can alleviate
depression symptoms displayed after chronic social defeat
stress. Additionally, we show that activation of Di-containing
NAc neurons is important for mediating acute mood-related
behaviors, since activation of these neurons has antidepressant-
and anxiolytic-like effects.

Disclosure: S. Zaman: None. P. Kennedy: None. D. Dietz: None.
E. Nestler: None. M. Lobo: None.

ACNP 50th Annual Meeting

33. Gene Expression from Lymphoblastoid Cell Lines and Brain
Tissue in Bipolar Disorder: Convergent and Divergent Patterns
Haiming Chen, Nulang Wang, Margit Burmeister, Christopher
Ross, Melvin McInnis*

University of Michigan, Ann Arbor, USA

Background: The hereditary basis of bipolar disorder (BD) has
been established through family, twin, and adoption studies.
Previous and current genetic mapping and expression analyses are
consistent with a polygenic inheritance model; numerous risk loci
associated with BD have been reported, each with a modest risk
(OR 1.1-1.3). In a complementary approach, a number of studies
aimed at identifying transcripts differentially expressed in post-
mortem brains or in blood cells from affected individuals
compared with healthy individuals have been published. We
hypothesized 1) there are gene expression changes in peripheral
tissue common with those in CNS tissue and 2) the effects of
medical treatment are mediated through gene expression changes.
Methods: We studied 2 independent and unrelated sources of
RNA: 1) lymphoblastoid cell lines (LCL) from 49 sibling pairs
discordant for BD, and 2) total RNA extracted from 0.2 g of frozen
brain tissue (premotor cortex) from Bipolar and control subjects
from the Stanley Brain collection. For brain samples, the samples
were categorized into: taking typical antipsychotics at the time of
death (n=7), not taking typical antipsychotics at the time of death,
n=7), and controls (C, n=12), to fit the multi-class algorithms of
SAM. Expression analyses were performed with the Sentrix
HumanRef8_V2 BeadChip microarrays (Illumina, CA) on LCLs,
while the GeneChip U133 plus 2.0 (U133P2) (Affymetrix), Santa
Clara, CA) was used for expression analysis of RNAs from
postmortem brains. The expression pattern of 12 randomly
selected genes was validated with RT-PCR. For analysis of the
HumRefseq8-V2 arrays, the BeadStudio software was used to
process raw data for quality control and to perform data
normalization using robust multi-array average (RMA) algorithms.
For analysis of the U133P2 arrays, the raw data (CEL files) were
processed using the Bioconductor package “Affy” for R. The
Significant Analysis of Microarrays (SAM) software package for
Microsoft Office Excel was used for statistical analysis and
identification of significantly altered genes. The expression
analysis systematic explorer (EASE) software was employed for
Gene Ontology (GO) term enrichment and pathway analysis.
Results: From the LCLs, 582 transcripts (545 unique genes) were
detected that significantly differed in abundance between affected
and unaffected siblings using a SAM q value (equivalent to false
discovery rate, FDR) at <o.1. The expression profiles of the anti-
psychotic exposed group were very similar to that of controls, and
most significant changes were between pooled control and anti-
psychotic treated groups versus the group unexposed to anti-
psychotics. SAM two-class algorithms for differential expression
analysis identified 2191 unique genes represented by 2818 probe
sets that were differentially expressed in the samples unexposed to
antipsychotics compared to the pooled group (q<0.005). Between
the 582 transcripts in the LCL list and the 2191 unique genes in
the brain list, gene expression profiles identified in LCLs from
sibling pairs discordant for BD and postmortem brains from
affected individuals and unrelated controls identified expression of
103 genes was commonly changed in both (p <o.02).

Discussion: These findings suggest that the study of peripheral
gene expression patterns may be informative in BP disorder. There
were common gene expression changes in independent and
unrelated samples. There are generalized treatment affects on
gene expression in brain. RNAs from brain tissue from BP
individuals were analyzed taking into consideration the exposure
to typical antipsychotics and compared with normal controls, there
were significant differences in gene expression between groups.
Functional gene ontology (GO) term enrichment analysis of genes



from the LCL list are enriched for 19 nominal significant GO terms,
one category, nucleosome assembly, remained significant after
correction for multiple tests. From the brain list, significant GO
terms (Bonferroni P < 0.05) of biological processes were protein
metabolic process, transport, localization, post-translational pro-
tein modification, protein folding, and synaptic transmission;
significant GO terms of molecular function identify protein and
nucleotide categories including ATP binding, ligase, and catalytic
activities.

Disclosure: H. Chen: None. N. Wang: None. M. Burmeister: None.
C. Ross: None. M. Mclnnis: Part 1: Speaker’s Bureau: Janssen,
E. Lilly and Merck Pharmaceuticals.

34. Circulating Abetago Negatively Influences Plasma BDNF
Levels

Nunzio Pomara*, Davide Bruno, Anilkumar Pillai, Jay J. Nieren-
berg, Stephen D. Ginsberg, Pankaj D. Mehta, Henrik Zetterberg,
Kaj Blennow, Peter F. Buckley

Nathan Kline Institute, Orangeburg, USA

Background: Reductions in brain-derived neurotrophic factor
(BDNF) have been implicated in the pathophysiology of depres-
sion. Nevertheless, the factors influencing central and peripheral
BDNF levels are still poorly understood. Cerebral microvascular
endothelial cells are known to be a major source of BDNF within
the brain. Exposure of these cells to amyloid beta (Abeta), which
may play a role in the pathophysiology of late-life depression,
results in cell death or injury with significant reductions in BDNF
secretion. Moreover, in rodents, infusion of Abetago into the
carotid artery resulted in a disruption of endothelial cells, which
was not observed with Abetag2 infusion. Therefore, we hypo-
thesized that concentrations of plasma Abetaqo, but not Abetaq2,
would have a negative effect on plasma BDNF levels.

Methods: We examined BDNF and Abeta levels in plasma via
immunoblotting and ELISA assays, respectively, from 88 subjects
with intact cognition (no dementia and a Mini-Mental State Exam
score of at least 28) and no gross MRI abnormalities other than
white matter hyperintensities. As these subjects were originally
recruited for a study on major depressive disorder (MDD), 45 had
MDD and 43 were age-matched controls.

Results: Consistent with our prediction, Abetago levels were
inversely correlated with BDNF concentrations (p <.001), whereas
Abetaq2 levels were independent of BDNF expression (p =.231).
This pattern was similar when MDD and control subjects were
analyzed separately.

Discussion: Our results are consistent with the hypothesis that
cerebral endothelial cells are a contributing source of peripheral
BDNF and that their disruption by circulating Abetaqo results in
reduction in BDNF. However, these preliminary findings need
confirmation, and the mechanisms for our observation, including
Abetaqo-induced cerebral endothelial cell dysfunction, will have to
be clarified.

Disclosure: N. Pomara: None. D. Bruno: None. A. Pillai: None.
J. Nierenberg: None. S. Ginsberg: None. P. Mehta: None.
H. Zetterberg: None. K. Blennow: None. P. Buckley: None.

35. Incomplete Coverage of Blood Vessels in Orbitofrontal Cortex
by Astrocytic End-feet in Major Depressive Disorder

Grazyna Rajkowska*, Jonathan C. Hughes, Samuel S. Newton,
Craig A. Stockmeier, Jose J. Miguel-Hidalgo, Dorota Maciag

University of Mississippi Medical Center, Jackson, USA

Background: Depression and cardiovascular disease are often
comorbid. In the frontal lobe in major depressive disorder (MDD),
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physiological studies report impairment of endothelial functions
and neuroimaging studies demonstrate alterered blood vessel size
and density. To date, however, no studies have been conducted on
vascular morphology at the microscopic and molecular level in
depression.Our previous postmortem studies analyzing glial
fibrillary acidic protein, GFAP-immunoreactive astrocytes in
MDD revealed a marked deficit in the density of these cells and
in the area fraction covered by their immunoreactive processes.
Since astrocyte processes enwrap the blood-brain barrier, we
hypothesized that expression of GFAP in orbitofrontal cortex
(ORB) is reduced in depressed subjects, and is also accompanied
by decreased coverage of blood vessels by astrocytic endfeet.
Methods: Postmortem brain tissue from 11 pairs of MDD and
control subjects was used. Frozen sections from ORB were
collected to measure the co-localization of markers for blood
vessels (collagen IV) and astrocytes (GFAP) by using double
immunohistochemistry and confocal microscopy. Co-localization
of collagen and GFAP was quantified by measuring the area of
coverage of vessels by astrocytic endfeet. Expression of mRNA for
GFAP was measured in punches of ORB by using real time
polymerase chain reaction (RT PCR) whereas GFAP protein level
was measured using Western blots.

Results: There was a significant 51% reduction (unpaired t-test:
t=2.18, df =12, p =0.049) in the fraction of vessel area covered by
GFAP immunoreactive processes in the ORB of young (<60 years
of age, 7 pairs) subjects with MDD. Expression of GFAP mRNA was
also reduced by 55% (p=0.06) and level of GFAP protein was
reduced by 50% (ANCOVA: F (3, 42)=3.759, p=0.018) In
contrast, older (> 60, 4 pairs) subjects with MDD showed a trend
for an increase (unpaired t-test: t =2.18, df =6, p=0.072) in the
fraction of vessel area covered by GFAP.

Discussion: Significantly reduced coverage of blood vessels by
astrocytic processes in MDD may contribute to the vascular
pathology reported by postmortem and structural neuroimaging
studies in the ORB. Incomplete coverage may also contribute to
altered glucose metabolism detected in neuroimaging in this
cortical area. Supported by P2oRR17701.

Disclosure: G. Rajkowska: None. J. Hughes: None. S. Newton:
None. C. Stockmeier: None. J. Miguel-Hidalgo: None. D. Maciag:
None.

36. Epigenetic Modifications in Postmortem Frontal Cortex from
Bipolar Disorder and Alzheimer’s Disease Patients

Jagadeesh S Rao*, Sam Klein, Vasken Kaleshian, Edmund A. Reese,
Stanley I. Rapoport

NIH, Bethesda, USA

Background: Bipolar disorder (BD) and Alzheimer’s disease (AD)
are chronic, disabling, progressive, neuropsychiatric illnesses with
some overlapping molecular features. Epigenetic mechanisms of
gene expression have been implicated in the pathophysiology of
brain disorders. Recently, we reported upregulated neuroinflam-
matory and arachidonic acid (AA) markers plus loss of brain
derived neurotrophic factor (BDNF) and synaptic markers
(synaptophysin and drebrin) in postmortem frontal cortices from
BD and AD patients.

Methods: We hypothesized that changes in AA cascade, neuro-
trophic and synaptic markers are related to changes in their
promoter site CpG methylation. To test this hypothesis, we
measured global DNA methylation and gene specific CpG
methylation as well as histone acetylation, phosphorylation and
methylation in postmortem frontal cortex of BD (n=10) and AD
(n=10) patients along with age matched controls (n=20).
Results: BD and AD brains showed global DNA hypermethylation.
The CpG islands in the promoter regions of cyclooxygenase-2
(COX-2) and BDNF genes were hypo and hyper-methylated in AD
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and BD patients compared to controls, respectively. Further, CpG
islands in the promoter regions of GAD1 and drebrin both were
hypo and hyper-methylated in BD but not in AD patients. BD and
AD brains showed an increased global histone phosphorylation
state. Epigenetic modifications for COX-2, BDNF and drebrin in
BD and AD were consistent with corresponding inverse changes in
their mRNA and protein levels. However, there were no significant
changes in CpG methylation in promoter regions for synaptophy-
sin, p450 epoxygenase or DNA methyl transferase 3A enzymes in
both illnesses.

Discussion: This study demonstrates overlapping changes in
epigenetic modification of COX-2 and BDNF genes in BD and
AD patients. Furthermore, there are additional epigenetic mod-
ifications that are associated with BD at the GAD1 and drebrin
promoter regions. These epigenetic modifications may contribute
to disease pathophysiologies and could be therapeutic targets for
future drug development.

Acknowledgements: We thank the Harvard Brain Bank, Boston,
MA, for providing the postmortem brain samples under PHS grant
number R24MH068855. This research was entirely supported by
the Intramural Research Program of the National Institute on
Aging, National Institutes of Health, Bethesda, MD 20892.
Disclosure: J. Rao: None. S. Klein: None. V. Kaleshian: None. E.
Reese: None. S. Rapoport: None.

37. Optogenetic Control of Mesolimbic Dopamine Neural Activity
Recapitulates the Anxiety-Related Phenotype of the Clock-A19
Mouse Model of Mania

Michelle M. Sidor*, Sade Spencer, Kay Tye, Melissa Warden, Kafui
Dzirasa, Karl Deisseroth, Colleen A. McClung

University of Pittsburgh School of Medicine, Pittsburgh, USA

Background: There is accumulating evidence to suggest a role
for altered circadian rhythms in the pathophysiology of bipolar
disorder. Indeed, previous work in our lab has shown that mice
with a point mutation in the circadian gene, Clock (Clock-A19),
display manic-like behaviors that are attenuated by lithium
treatment. Evidence from our lab suggests that altered dopami-
nergic (DA) activity in the mesolimbic system, a region implicated
in reward and mood regulation, may underlie components of this
behavioral phenotype. However, a direct causal link between long-
term disruption of mesolimbic DA activity and manic-related
behavior has yet to be established.

Methods: Alterations in mesolimbic dopamine activity were
examined at a molecular level by assessing tyrosine hydroxy-
lase (TH) mRNA and protein expression and at a systems level
through in vivo electrophysiological recordings. In order to
directly determine the role of altered DA neural activity on
manic-related behaviors, we employed optogenetics and intro-
duced a unique microbial channelrhodopsin (step-function opsin)
into the ventral tegmental area (VTA) of TH::Cre mice to optically
control dopamine neural activity over an extended period of time
(1thr/day for one week). A behavioral battery was performed to
determine whether increased DA activity recapitulated features of
the Clock-A19 mouse manic-like phenotype.

Results: Clock-A19 mice displayed an up-regulation of VTA TH
mRNA expression and protein levels that were accompanied
by an increase in bursting and firing of VTA dopamine neurons.
To determine to what extent this molecular phenotype drives
manic-like behaviors, TH::Cre mice underwent chronic optical
stimulation of VTA neurons to increase DA neural activity.
Chronic depolarization of DA neurons in the VTA recapitulated
components of the Clock-A19 mouse manic-like behavioral
phenotype as indicated by increased risk-taking and reduced
anxiety-like behaviors, with no alteration in depressive-related
behaviors.
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Discussion: This is the first report on the ability of long-
term optical manipulation of neural activity to alter baseline
rodent behavior. Using this approach, we demonstrated a direct
role for increased VTA dopamine activity in mediating specific
features of manic-related behavior. These results provide
insight into the biological underpinnings of mood disorders and
facilitate future study on the impact of chronic stimulation
of multiple neurotransmitter systems on complex behavioral
phenotypes.

Disclosure: M. Sidor: None. S. Spencer: None. K. Tye: Part 1:
Honoraria from Servier Consulting fees and research contract
with Pfizer Honoraria, and research contract with Glaxo-
SmithKline, Part 4: Research contract with Pfizer Research
contract with GlaxoSmithKline. M. Warden: None. K. Dzirasa:
None. K. Deisseroth: None. C. McClung: Part 1: Honoraria from
Servier Consulting fees and research contract with Pfizer
Honoraria, and research contract with GlaxoSmithKline, Part 4:
Research contract with Pfizer Research contract with Glaxo-
SmithKline.

38. Peripheral Biomarkers in New Onset of Major Depressive
Disorder in Midlife Women: The Harvard Study of Moods and
Cycles

Guilherme A. Behr, Benicio N. Frey, Lee S. Cohen, Jose C. F.
Moreira, Michael W. Otto, Bernard L. Harlow, Claudio N. Soares*

McMaster University and St. Joseph’s Healthcare Hamilton,
Department of Psychiatry and Behavioural Neurosciences, Hamil-
ton, Canada

Background: The transition to menopause and early postmeno-
pausal years have been associated with increased risk for
developing depressive episodes (new onset or recurrent). Recent
studies suggest the existence of peripheral markers in mood
disorders (e.g., oxidative damage, inflammatory markers, neuro-
trophic factors) that may be relevant to the understanding of
disease pathophysiology, activity and progression. No published
studies to date have explored the presence of/changes in peripheral
biomarkers in subjects who did and did not develop new onset of
Major Depressive Disorder (MDD). In this study, we examine the
presence/emergence of peripheral biomarkers for new onset of
MDD in a longitudinal, prospective cohort study - the Harvard
Study of Moods and Cycles (HSMC).

Methods: Euthymic, never-depressed premenopausal women
(N =460, aged 36-45 years) were enrolled into the HSMC and
assessed prospectively (every 6 months) to examine the association
between reproductive/endocrine menstrual changes (i.e., the
transition to menopause) and the onset of first lifetime episode
of MDD. For this analyzes, we included subjects who developed
first-onset of MDD during the first 3 years of follow up (N =29)
and matched controls (i.e., women who remained euthymic,
N=29). The following potential peripheral biological markers
were examined in blood/serum samples (1) Markers of oxidative
stress: Thiobarbituric acid reactive species (TBARS), protein
carbonyl content, total reactive antioxidant potential (TRAP); (2)
Neurotrophic factors: Brain-derived neurotrophic factor (BDNF),
and (3) Inflammatory markers: interleukin-6 (IL-6), interleukin-1o
(IL-10). Analyzes were performed with samples collected at 3
different time points, with matching time for controls: at study
entry, at the last visit prior to the diagnosis of MDD (time point 1)
and at the time point when MDD was diagnosed (time point 2).
Blood/serum samples were stored at —80°C. Experimental proce-
dures included: malondialdehyde and carbonyl content, IL-6, IL-10
and BDNF levels, all analyzed with high-sensitive ELISA Kits;
oxidation/reduction in thiol groups, and total non-enzymatic
antioxidant potential (TRAP assay). Total protein content (Lowry)
and uric acid content were also quantified. All data were analyzed



using t test and two-way ANOVA with repeated measures.
Differences were considered significant at P <o.05.

Results: First-onset MDD subjects (mean 41.2+ 0.47 years) and
controls (mean age=41.1t 0.47 years) were not on any psycho-
tropic medications at the time of study assessments and had no
significant differences regarding demographics, reproductive
staging, smoking or BMI. Comparative analyzes of samples
collected from first-onset MDD subjects and matched controls at
baseline, time point 1 (pre-diagnosis of MDD; 11.8 +2.05 and
12.6 + 2.03 months, respectively) and time point 2 (diagnosis of
MDD; 18.6  2.09 and 18.6 £ 2.09 months) did not reveal significant
differences with respect to any of the peripheral biomarkers
investigated (TBARS, TRAP, Carbonyl, IL-6, IL-10, and BDNF;
p>o0.05 for all comparisons). Moreover, changes in all these
biomarkers across the time points were similar between the
2 groups.

Discussion: In this study, changes in oxidative damage, inflam-
matory response or BDNF levels were neither predictive not
indicative of first-onset of major depression. Future studies should
clarify whether the absence of peripheral biomarkers could be
attributed to this particular illness (MDD), the short duration of
exposure to the illness, (i.e., recently emerged, newly diagnosed
MDD) or to the specific sub-population examined (midlife
women).

Financial Support: The Women’s Health Concerns Clinic and
Mood Disorders Division (McMaster University) provided support
for these analyzes. The HSMC was supported by grant Roi-MH-
50013 from the National Institute of Mental Health, USA
(Dr. Harlow and colleagues). G. Behr is supported by CAPES
Scholarship - Proc. n° BEX 5383102, Brazil.

Disclosure: G. Behr: None. B. Frey: None. L. Cohen: None.
J. Moreira: None. M. Otto: None. B. Harlow: None. C. Soares:
Part 1: Consultant for AstraZeneca, Pfizer, Lundbeck, Bristol
Myers-Squibb, Part 2: McMaster University, Pfizer, Lundbeck,
AstraZeneca, NARSAD Foundation, Canadian Institutes for Health
Research (CIHR), Part 3: Consultant/speaker for Pfizer, Lundbeck,
AstraZeneca, Part 4: Research Grant from Pfizer, Eli Lilly.
Unrestricted Educational Grants from Wyeth, Pfizer, Bristol
Myers-Squibb, Part 5: N/A.

39. Influence of Major Depressive Disorder on the Volume and
Number of Neurons, Glia, and Perivascular Cells in the
Basolateral Amygdala: A Postmortem Stereological Study
Marisa J. Rubinow, Gouri Mahajan, James C. Overholser, George J.
Jurjus, Lesa Dieter, Nicole Herbst, Jose J. Miguel-Hidalgo, Warren
May, Grazyna Rajkowska, Craig A. Stockmeier*

University of Mississippi Medical Center, Jackson, USA

Background: The basolateral amygdala (BLA) is implicated in
the pathophysiology of major depressive disorder (MDD). Func-
tional imaging studies consistently report heightened amyg-
dala reactivity and disturbed amygdala-frontal connectivity in
depressed patients; and postmortem studies have shown altera-
tions in measures such as BLA neurotransmitter receptors and
amygdalar glial cell density. Imaging studies of amygdala volume
in depression have however produced a very mixed literature, and
no postmortem studies to date have examined the volume or the
total number of cells in the BLA of depressed subjects. Here, we
undertook a stereological analysis of the volume and total number
of neurons, glia and perivascular (pericytes and endothelial) cells
in the BLA in subjects with MDD and psychiatrically healthy
controls.

Methods: Postmortem tissues from 13 subjects with unremitted
MDD and 10 controls were coded, fixed in formalin, and embedded
in celloidin. Forty-micron thick sections were taken throughout
the rostral-caudal extent of the BLA, and every tenth section
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Nissl-stained for microscopic analysis. The Cavalieri principle and
the optical fractionator were used for unbiased stereological
estimation of volume and cell numbers respectively in the lateral,
basal, and accessory basal nuclei.

Results: There were no significant effects of diagnosis on amygdala
volume; however among depressed subjects, duration of depres-
sion was significantly negatively correlated with total BLA volume
(p=.021). Although not statistically significant, there was a trend
for lateral nucleus volume to be increased in females with MDD
(p=0.065) when compared to female controls; no such difference
was seen in males. In addition, there was a strong trend (p =.0501)
for total number of pericytes and endothelial cells to be increased
in the BLA in the MDD group.

Discussion: Several hypotheses have been advanced to explain the
mixed literature on amygdala volume in depression, including the
idea that amygdala volume is increased in the initial stages of
depression only (Frodl et al., 2003). Our finding that BLA volume
is negatively correlated with depression duration tends to support
the hypothesis that amygdalar volumetric changes in depression
are duration-dependent. Although not statistically significant, the
trend for lateral amygdala volume to be increased in depressed
females, but not males, may represent another source of variability
in the literature, and is consistent with studies suggesting there are
sexually dimorphic amygdala responses to depression and anxiety
(Hastings et al., 2004; van der Plas et al., 2010; van Elst et al.,
2000). The strong trend for an increase in amygdala perivascular
cells in depression may be related to the commonly observed
metabolic alterations in the amygdala of depressed subjects.
Supported by MH54846 and RR1y701.

Disclosure: M. Rubinow: None. G. Mahajan: None. J. Overholser:
None. G. Jurjus: None. L. Dieter: None. N. Herbst: None. J. Miguel-
Hidalgo: None. W. May: None. G. Rajkowska: None. C. Stock-
meier: None.

40. Selective Optogenetic Stimulation of Parvalbumin-Positive
Basal Forebrain Neurons Reliably entrains Cortical Gamma
Oscillations and Promotes Wakefulness

Tae Kim, James T. McKenna, James M. McNally, Karl Deisseroth,
Robert E. Strecker, Ritchie E. Brown, Radhika Basheer,

Robert W. McCarley*

VA Boston Healthcare System/Harvard Medical School, Brockton,
USA

Background: The basal forebrain (BF) plays a crucial role in the
modulation of cortical activity across sleep-wake cycles via
cortically projecting cholinergic and non-cholinergic neurons.
One of the more important facets of cortical activation is the
presence of gamma band (40Hz) activation, known to be
important in feature binding and to be impaired in schizophrenia.
However, little is known about the role of the BF in this important
feature. Among non-cholinergic neurons in BF, parvalbumin
(PARV)-containing, gamma-aminobutyric acid (GABA)ergic neu-
rons are one of the important components. They project to
GABAergic PARV + cortical neurons and their firing rates increase
during the electroencephalographic (EEG) low-voltage fast activity
characteristic of waking. However, their precise contribution to
cortical activation and sleep-wake regulation is not well under-
stood. Therefore we sought to selectively express a light-activated
opsin (i.e. channelrhodopsin2, ChR2) in PARV-positive neurons
within BF to enable their selective activation using optogenetic
stimulation, and to determine the effect on the EEG and sleep-wake
behavior.

Methods: To target channelrhodopsins selectively to BF PARV
neurons, adeno-associated viral vectors with double-floxed Chan-
nelrhodopsin2 (ChR2)-eYFP were injected stereotactically into the
BF of transgenic mice expressing Cre recombinase under the
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control of the PARV promoter (PARV-Cre mice). Posthoc
immunohistochemistry was done for histological confirmation of
selective expression. To evaluate the physiological effect of
activation of BF PARV neurons, optical stimulation (laser light,
473nm, 10ms pulse width, various frequencies from 2 to 6o Hz)
was delivered through an optical fiber inserted into a guide
cannula targeting the BF. The effect on the sleep-wake cycle was
investigated by comparing one hour of baseline EEG with that of
same time of day of one hour of optical stimulation (40Hz
frequency, 5s train duration, every 60s).

Results: Immunohistochemistry, performed at least two weeks
after injection of the virus, confirmed high levels of double labeling
of ChR2-eYFP (green) and PARV (red) indicating selective
expression of ChR2-eYFP in BF PARV neurons. BF entrainment
of the cortical EEG was particularly dramatic when the BF
stimulation was at the gamma oscillation frequency (40Hz).
Notably, this entrainment could be reproducibly elicited over the
course of an hour of stimulation; each and every train of 40 Hz BF
stimulation was reliably followed by cortical 40 Hz activity. 20 Hz
stimulation elicited a clear 40Hz harmonic. The sleep-wake
behavior was altered by optical stimulation, increasing wakeful-
ness from 9.2 % to 45.2 % and decreasing NREM sleep from 75.3 %
to 43.5 %, excluding the 5s of stimulation.

Discussion: We believe this BF PARV-specific elicitation of cortical
gamma oscillation has not been previously reported, and may
represent an important but unsuspected feature of BF activation and
of generation of cortical gamma oscillations. We conclude that
optogenetic stimulation of PARV-positive BF neurons entrains
cortical rhythms, particularly those in the gamma range, and enhances
wakefulness. A role of abnormalities of BF in the abnormalities of
cortical gamma oscillations in schizophrenia appears to be an
intriguing, but as yet unexplored, possibility raised by these findings.
Disclosure: T. Kim: None. J. McKenna: None. J. McNally: None.
K. Deisseroth: None. R. Strecker: None. R. Brown: None. R.
Basheer: None. R. McCarley: Part 1: Consultant to Merck, Janssen,
Takeda, Sunovion.

41. The Power of Expectation Bias
Janet B.W. Williams*, Danielle Popp, Kenneth A. Kobak, Michael J.
Detke

MedAvante, Inc., Hamilton, USA

Background: Researchers have identified several sources of bias in
clinical trials that may lead to increased placebo response and
decreased signal detection. One such bias, expectation bias, is of
particular concern in CNS clinical trials due to the subjective
nature of many (including primary) outcomes. Expectation bias
occurs when an individual’s expectations about an outcome
influence one’s perceptions of one’s own or others’ behavior. In
psychiatric clinical trials, both subjects and raters may enter the
trial with expectations for the outcome. Subject expectation bias
may occur when subjects themselves expect to get better or report
improvement to please the rater. Rater expectation bias may occur
when raters expect that subjects will improve (or fail to improve)
over the course of the trial. Finally, in traditional trial designs,
rater and subject expectations may interact to create a therapeutic
alliance. Any or all of these may result in increased placebo
response and decreased drug-placebo separation. Double blind
studies are designed to control for expectation bias by blinding the
subject and the clinical rater to whether the subject is taking
placebo or drug. However, other factors to which subjects and
raters are typically unblinded, such as inclusion/exclusion criteria,
adverse events and visit sequence (i.e., duration of treatment) may
also affect placebo response.

Methods: We reviewed eight published studies that illustrate the
problems of subject and rater expectation bias across several
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therapeutic areas including Major Depressive Disorder (MDD),
Generalized Anxiety Disorder (GAD), psychosis, Parkinson’s
disease and dementia.

Results: Results of three studies of subject expectation bias suggest
that subject expectations regarding their likelihood of receiving
active treatment can increase placebo response and affect study
outcome. Results of studies examining rater expectation bias
suggest that rater expectations can affect subject diagnosis and also
decrease inter-rater reliability when subjects do not behave
according to pre-conceived expectations. Finally, studies of the
interaction of rater and subject expectation find that placebo
response increases linearly with the number of follow-up visits,
and that having a different rater for baseline, endpoint, and
sequential visits may decrease placebo response.

Discussion: Expectation bias may have an effect when subjects’
reports and raters’ scores are influenced by the expectation of
improvement. The studies reviewed here suggest that patient
expectations, rater expectations, and rater-patient interactions can
increase placebo response and decrease signal detection. Taken
together, these results suggest that using raters who are blinded to
study protocol details, including inclusion/exclusion criteria and
study visit number, may yield better signal detection and lower
placebo response. Blinding to protocol details and study visit
number eliminates the possibility that clinical ratings will be
affected by an expectation of improvement as treatment pro-
gresses. Further, using a different rater at baseline, endpoint and
for consecutive visitscontrols for the possibility of a relationship
(sometimes referred to as relationship bias) between rater and
subject that could influence ratings.

Disclosure: J. Williams: Part 1: MedAvante, Inc., Part 2:
MedAvante, Inc., Part 3: MedAvante, Inc., Part 5: MedAvante,
Inc. D. Popp: Part 1: MedAvante, Inc., Part 2: MedAvante, Inc., Part
3: MedAvante, Inc., Part 5: MedAvante, Inc. K. Kobak: Part 1:
MedAvante, Inc., Part 2: MedAvante, Inc., Part 3: MedAvante, Inc.
M. Detke: Part 1: MedAvante, Inc.; Eli Lilly, Inc.; Sonkei, Inc., Part
2: MedAvante, Inc.; Eli Lilly, Inc., Part 3: MedAvante, Inc.; Eli Lilly,
Inc., Part 5: MedAvante, Inc.

42. A Pilot Study Evaluating the Cognitive Effects of Rimonabant
in People with Schizophrenia

Robert W. Buchanan*, Douglas L. Boggs, Robert R. Conley, David
A. Gorelick, Robert P. McMahon, James M. Gold, James Waltz,
Marilyn A. Huestis, Deanna L. Kelly

Maryland Psychiatric Research Center, Baltimore, USA

Background: Rimonabant is a cannabinoid 1 (CB1) antagonist,
which is effective in treating obesity in the general population.
Human and animal studies suggest that rimonabant may also
have significant effects on cognitive function. The current study
was designed to examine the effects of add-on rimonabant on
neurocognitive test performance in people with schizophrenia.

Methods: We conducted a 16-week, double-blind, placebo-controlled
study of rimonabant (20 mg/day) in people with DSM-IV schizo-
phrenia or schizoaffective disorder, who were clinically stable on
second generation antipsychotics. Participants had a BMI 27 kg/m*
with hyperlipidemia or BMI *30kg/m? in the absence of current
substance abuse/dependence (except nicotine), more than weekly
cannabis use, or recent depressive symptoms/suicidality. An exercise
and dietary counseling group was offered weekly. We used the
Repeatable Battery for the Assessment of Neuropsychological Status
(RBANS), the Iowa Gambling Task (IGT), the N-Back task, and a
probabilistic learning task (PL) to examine the effects of rimonabant
on cognition. Target enrollment was 60; the trial was terminated
early due to withdrawal of rimonabant from the European market.
Results: Fifteen participants were randomized (7 rimonabant,
8 placebo). Fourteen participants had baseline and end of study



neuropsychological data (7 in each group). There was a significant
treatment effect for the RBANS total score, with the placebo
group exhibiting a small improvement and the rimonabant group
exhibiting a small worsening on this measure (estimated difference
[mean =s.e.): -7.7%3.5; p=0.048; effect size=0.63). There
were no significant group differences for any of the RBANS scales.
There were no significant group differences on the IGT, or the
N-Back task. In contrast, rimonabant was associated with
significant improvement on the PL task, which were driven by
improvement on the 80:20 (effect size: 1.03; p=o0.11) and 70:30
(effect size =1.07; p=0.06) reward probability conditions. There
was also a significant rimonabant effect on positive feedback, as
measured by staying with rewarded choices (effect size=1.88,
p =0.009).

Discussion: Rimonabant did not improve global cognitive
functioning, however a specific deficit in learning based on
positive feedback did improve with rimonabant treatment. More
research is required to determine how the endocannabinoid
system relates to psychopathology and neurocognitive impair-
ments in schizophrenia and whether alteration of this system can
lead to novel therapeutic treatments. Supported by the NIMH 1
R34 MHoy7839 (P.I.: Robert W. Buchanan), NIDA Contract
No1DA59909 (P.L: Deanna L. Kelly), and the Intramural Research
Program, NIH, NIDA.

Disclosure: R. Buchanan: Part 1: DSMB member for Cephalon,
Otsuka, and Pfizer; Consultant for Abbott, Amgen, Cypress
Bioscience, Glaxo-Smith-Kline, Merck, Sanofi-Aventis, Solvay,
Takeda, and Wyeth; and Advisory Board member for Abbott,
Amgen, Astellas, Astra-Zeneca, Merck, Pfizer, Roche, Solvay
Pharmaceuticals, Inc., Wyeth, Part 4: Psychogenics. D. Boggs:
None. R. Conley: Part 5: Eli Lilly and Company, Indianapolis,
Indiana. D. Gorelick: None. R. McMahon: Part 4: Psychogenics.
J. Gold: Part 1: Consultant for Solvay, Glaxo Smith Kline, Pfizer,
Merck, Astra Zenaca, and Roche. J. Waltz: None. M. Huestis: Part
4: A NIH Cooperative Research and Development Agreement with
Sanofi-aventis. D. Kelly: None.

43. Movement Disorder Trajectories and Treatment Outcomes in
a 1-Year Study of Patients with Schizophrenia

Lei Chen*, Haya Ascher-Svanum, Anthony Lawson, Virginia
Stauffer, Allen Nyhuis, Virginia Haynes, Kory Schuh, Bruce J.
Kinon

Eli Lilly and Company, Indianapolis, USA

Background: Movement disorders have a long history of associa-
tion with antipsychotic treatment. Antagonism of dopamine D2
receptors resolves psychosis, but at the same time induces
extrapyramidal side effects (EPSs), one of the most troubling side
effects of antipsychotic treatment. Compared with the first
generation antipsychotics (FGAs), the second generation anti-
psychotics (SGAs) are associated with a reduced risk of inducing
acute EPS at recommended dose ranges. EPS liability tends to vary
among the SGAs as well as by target dose, rapidity of dose
escalation, and patient’s vulnerability to EPS. It is currently
unknown whether patients with schizophrenia who differ on their
EPS or movement disorder trajectories over time (e.g., increased,
decreased, or unchanged severity), also differ in their clinical and
functional outcomes. This study aimed to identify subgroups
of patients who differ on their movement disorder trajectories
over a 1-year period and compare their clinical and functional
outcomes.

Methods: For this post-hoc analysis, we used data of a randomized,
open-label, 1-year study of patients with schizophrenia who
were treated in the U.S. with FGAs or SGAs in usual clinical care
settings (F1D-US-HGGD). The study assessed EPS and Tardive
Dyskinesia using the Abnormal Involuntary Movement scale, the
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Simpson-Angus scale, the Barnes Akathisia Rating scale, sponta-
neously reported movement disorder events, and use of anti-
parkinsonian medications. These 5 measures were incorporated
into a single Movement Disorder Index (MDI), which was
calculated for each subject at every study visit, with higher scores
indicating more severe movement disorder. The MDI was used
to identify subgroups of patients who differed in their MDI
trajectories over the 1-year study. These patient subgroups were
then compared on various treatment outcomes, including time to
study dropout, symptom severity per Positive and Negative
Syndrome Scale (PANSS) total and subscale scores, level of mental
and physical functioning per SF-36, and use of hospitalization
and emergency services per Resource Utilization Form. The
PANSS and the SF-36 scores were analyzed using Mixed Model
Repeated Measures (MMRM) models adjusted for baseline values.
Chi-square test was used to compare patient subgroups on
hospitalization and emergency service use. Log-rank test was used
for time to study dropout. Missing values on individual MDI score
were handled by last observation carried forward (LOCF).
Results: For the overall population, the mean MDI score decreased
from o.97 at baseline to 0.65 at 1-year endpoint. Three trajectories
of the MDI were indentified: an increase in MDI over the 1-year
study was evident for 15% of the patients (n=94); a decrease in
MDI was observed for 33% (n=207), and 52% evidenced no
change in MDI (n=330). Although there was no statistically
significant difference in the time to study dropout among the
3 subgroups, the patients who evidenced an increase in MDI over
time were found to have significantly poorer clinical and
functional outcomes on several measures compared with the other
2 subgroups (p values <.05). Patients who had an increase in MDI
had poorer symptom improvement per PANSS total score (mean
changes of -10.8, -18.0, and -16.7 for the patients who had an
increase, no change, and a decrease, respectively). Patients who
had an increase in MDI also had poorer symptom improvement
per PANSS subscale scores (except for the Impulsive/Hostility
subscale score),and less improvement on the SF-36 physical
functioning component score. Patients who had an increase in
MDI also had a higher rate of hospitalization (37%, 19%, and 21%
for the patients who had an increase, no change, and a decrease,
respectively).

Discussion: This post-hoc analysis found that patients with
schizophrenia who were treated with antipsychotics and experi-
enced worsening of their movement disorder severity level over up
to a year, as measured by a Movement Disorder Index (MDI), also
evidence poorer clinical and functional outcomes, including higher
rates of hospitalization and emergency services. Sensitivity to
antipsychotic-induced movement disorder may be a clinical
marker for poor treatment prognosis. The link between patients’
movement disorder liability and treatment outcomes will require
further study, along with replication of the findings with the
promising new Movement Disorder Index.

Disclosure: L. Chen: Part s5: Eli Lilly and Company. H. Ascher-
Svanum: Part 1: Full time employee of Eli Lilly and Company,
the sponsor of the study, Part 2: A minor stockholder in Eli Lilly
and Company, the sponsor of the study, Part 3: A minor
stockholder in Eli Lilly and Company, the sponsor of the study,
Part 5: Eli Lilly and Company. A. Lawson: Part 1: Employee and
shareholder of Eli Lilly and Company, Part 2: Employee
and shareholder of Eli Lilly and Company, Part 3: Employee and
shareholder of Eli Lilly and Company, Part 5: Eli Lilly and
Company. V. Stauffer: Part 1: Employee Eli Lilly and Company,
Part 5: Employee Eli Lilly and Company. A. Nyhuis: Part 1: I am
a full-time employee of Eli Lilly.,, Part 2: See above, Part 3:
See above, Part 5: I am a full-time employee of Eli Lilly.
V. Haynes: Part 2: Employee of i3 Research, employee of Eli Lilly,
Part 5: Employee of i3 Research, employee of Eli Lilly. K. Schuh:
Part 1: I am a full-time employee of Eli Lilly and Company
and minor shareholder. My wife, Leslie Schuh, has received
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a grant to serve as a principal investigator for a clinical trial funded
by Eli Lilly and Company, Part 2: I am a full-time employee
of Eli Lilly and Company and a minor shareholder. My wife,
Leslie Schuh, has received a grant to serve as a principal
investigator for a clinical trial funded by Eli Lilly and Company,
Part 3: I am a full-time employee of Eli Lilly and Company and a
minor shareholder, Part 4: My wife, Leslie Schuh, has received a
grant to serve as a principal investigator for a clinical trial funded
by Eli Lilly and Company. She also received grants from Ethicon
and Allergan to support a scientific conference at St. Vincent
Hospital in Carmel, Indiana, Part 5: Eli Lilly and Company. B.
Kinon: Part 1: Shareholder in Eli Lilly and Company, Part 2:
Employee of Eli Lllly and Company Shareholder in Eli Lilly and
Company, Part 3: Employee of Eli LIlly and Company Shareholder
in Eli Lilly and Company, Part 4: None, Part 5: Employee of Eli
LIlly and Company.

44. Does Acute Oxytocin Administration Enhance Social
Cognition in Individuals with Schizophrenia?

Michael C. Davis*, Junghee Lee, Michael F. Green, Stephen R.
Marder

UCLA Semel Institute for Neuroscience and Human Behavior,
Los Angeles, USA

Background: Individuals with schizophrenia frequently have
deficits in social cognition (e.g., theory of mind, social perception,
attributional bias, and emotional processing). Social cognition has
been found to be critical in predicting multiple aspects of
community functioning. However, treatments for these deficits
are inadequate; psychosocial treatments are limited in their
effectiveness and not widely available, and there are no current
pharmacological treatments. The oxytocin system, given its
important roles in social behavior and empathy, has garnered
much recent attention in research on schizophrenia and other
disorders involving social cognitive deficits. In this study, we
test the hypothesis that acute administration of intranasal oxytocin
will improve social cognitive function in individuals with
schizophrenia.

Methods: Twenty-four male veterans between the ages of 18 and 55
who meet the DSM-IV-TR criteria for schizophrenia are being
enrolled in this trial. At their initial visits, baseline neuropsycho-
logical assessments of “high level” (The Awareness of Social
Inference Test: Social Inference - Enriched and Emotional
Perspective Taking Task) and “low level” (Half-Profile of
Nonverbal Sensitivity and facial affect recognition task) social
cognition are being performed, as are baseline assessments of
schizophrenia symptom severity (Positive and Negative Syndrome
Scale). One week later, patients are randomized to receive a single
dose of 40 IU intranasal oxytocin or placebo in a double-blind
fashion, and the neuropsychological assessment battery and
schizophrenia symptom severity assessment are repeated. The
change in social cognitive function between the baseline and
treatment visits will be compared between placebo- and oxytocin-
treated patients.

Results: Ten individuals have thus far been enrolled in this trial,
with 8 having completed the entire protocol. The mean age of these
participants was 49. The mean number of years since initially
experiencing psychotic symptoms was 31. Two participants were
receiving typical antipsychotics, 6 were receiving atypical anti-
psychotics, and 2 were receiving a combination. The mean
MIRECC Social GAF was 58. The study will be unblinded after 24
subjects have completed the protocol, and complete analysis will
subsequently occur. At the current rate of enrollment, all subjects
will have completed this study by the end of October, 2011.
Discussion: The oxytocin system is an attractive target for
improving social cognition in individuals with schizophrenia, as
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evidenced by previous studies from other investigators. This study,
when completed, will add to our current knowledge base by
determining whether a single dose of intranasal oxytocin improves
specific domains of social cognition.

Disclosure: M. Davis: None. J. Lee: None. M. Green: Part 1:
Consultant - Abbott Laboratories, Amgen, Cypress, Lundbeck,
and Teva. Speaker - Otsuka and Sunovion. S. Marder: Part 1:
Consultation and Advisory Boards: Amgen, Astellas, Abbott,
Roche, Targacept, Otsuka, Pfizer, Shire, Lundbeck, Part 2: Stock-
holder: Med Avante, Part 4: Research Support: Glaxo Smith Kline,
Novartis, Sunovion.

45. An Intervention to Test the Alphay Nicotinic Receptor Model
in Schizophrenia: CDP-choline, a Cholinergic Agonist, and
Galantamine, a Positive Allosteric Modulator

Stephen I. Deutsch*, Nina R. Schooler, Barbara L. Schwartz,
Clayton H. Brown, Stephanie M. Rosse, Richard B. Rosse

Eastern Virginia Medical School, Norfolk, USA

Background: Deficient transduction of the cholinergic signal by
the o, nicotinic acetylcholine receptor (o, nAChR) is implicated
in the pathophysiology of schizophrenia. Further, the o, nAChR
may be a pharmacotherapeutic target in negative symptom schizo-
phrenia, using o, nAChR agonists. Choline is a directly acting
agonist; CDP-choline is a dietary source of choline. However, the
sensitivity of the receptor can alter upon tonic exposure to an
agonist. Galantamine, a positive allosteric modulator (PAM) of
nicotinic acetylcholine receptors, as well as a cholinesterase
inhibitor, improves the efficiency of coupling choline binding to
channel opening; it may also preserve the receptor in a sensitive, as
opposed to refractory, state. We conducted a pilot randomized,
double-blind clinical trial comparing CDP-choline and galanta-
mine to placebos in schizophrenia patients with negative
symptoms who were receiving 2nd generation antipsychotics.
The study was designed to evaluate the feasibility of the inter-
vention and procedures and provide preliminary data regarding
efficacy, safety and tolerability.

Methods: Patients with DSM-IV diagnoses of schizophrenia or
schizoaffective disorder and had residual negative symptoms were
randomly assigned to galantamine/CDP-choline or matching
placebos for both for 16 weeks. Subjects were on stable doses of
and -generation antipsychotics for at least four weeks prior to
enrollment and for the study duration. Five PANSS negative
symptom items (blunted affect, emotional withdrawal, poor
rapport, passive/apathetic social withdrawal, and lack of sponta-
neity and flow of conversation) were used to determine eligibility.
A score of at least 4 (moderate) on at least one was required.
PANSS positive symptom items (conceptual disorganization,
hallucinations, suspiciousness, and delusions) could not exceed a
total of 18. Galantamine was titrated to 24 mg/day and CDP-choline
to 2000 mg/day. Symptoms were assessed at baseline, week 4, 8, 12,
and 16. Treatment emergent side effects were monitored weekly.
The primary measure of efficacy was the 5-item negative-symptom
cluster.

Results: Forty-four participants were randomly assigned to
treatment and 43 received study medication: 19 (17M; 2F) in the
Galantamine/CDP-choline group and 24 (22M; 2F) in the Placebo
group. Trial completion was high in both groups: Galantamine/
CDP-choline 79.0%; and Placebo 79.2%. There were drop-outs due
to adverse events in the Galantamine/CDP-choline group during
titration, related to gastrointestinal distress, mostly nausea.
There was no statistical difference in baseline characteristics
between the two groups in age, education, pre-morbid IQ, racial
and ethnic composition, age of first hospitalization, and negative
symptom and positive symptom PANSS scores, all P values >.0s.
On average, this sample of participants tended to be older



(Galantamine/CDP-choline group: M =54.37, SD =8.50; Placebo
group: M =52.38, SD =11.04) than samples commonly enrolled in
clinical trials. A 2 x 5 (Group x Time) mixed effects model was used
to analyze PANSS symptom outcomes. The treatment effect is
determined by the Group X Time interaction. This interaction
was not significant for the negative symptom cluster (P>.05) or
the total positive syndrome score, (P>.05). However, there was
a significant Time effect for both the negative symptom cluster
(P<.0001) and positive syndrome score (P<.o1), indicating
a reduction in symptoms over time.

Discussion: Because of agonist-induced desensitization of the o,
nAChR, chronic administration of directly acting agonists may be
associated with functional antagonism (i.e., desensitization of
receptors that may already be under-expressed). The novelty of
this trial is combining a direct agonist with a PAM for the
treatment of negative symptoms. Congruent with our earlier open-
label case series, we found administration of the combination
treatment to be both feasible and well tolerated. In the event of
adverse events, experience indicates that slowing titration could
reduce the likelihood of early drop-out due to gastrointestinal
complaints. However, there was no efficacy signal in either our
primary measure of negative symptoms or in other measures
of symptom severity. Improvement over time in both groups
highlights the contribution of enhanced clinical engagement
inherent in a trial. The trial size makes it difficult to draw
conclusions regarding efficacy of this combination. Further
information from the present trial will inform the relation-
ship, if any, between plasma concentrations of choline and
expression of DNA methyltransferase 1 (DNMT-1) in white cells
to outcome.

Disclosure: S. Deutsch: Part 1: Astra Zeneca, OrthoMcNeil Janssen,
Merck. N. Schooler: Part 1: Astra Zeneca Bristol Meyers Squibb Eli
Lilly & Company Hoffman LaRoche H Lundbeck Merck Johnson
and Johnson OrthoMcNeil Janssen Pfizer Shire, Part 4: Astra
Zeneca Bristol Meyers Squibb Eli Lilly and Company H Lundbeck
OrthoMcNeil Janssen Pfizer, Inc,. B. Schwartz: None. C. Brown:
None. S. Rosse: None. R. Rosse: None.

46. Cardiovascular Effects of Folate Supplementation in
Schizophrenia: An Interim Analysis
Vicki L. Ellingrod*, Tyler B. Grove, Stephan F. Taylor

University of Michigan College of Pharmacy, Ann Arbor, USA

Background: The folate hypothesis of schizophrenia suggests that
the methlenetetrahydrofolate reductase (MTHFR) 677C/T variant,
responsible for aberrant folate and homocysteine metabolism, is
associated with a higher risk for atypical antipsychotics (AAPs)
linked metabolic abnormalities (Ellingrod and others 2008). It is
not known if folate supplementation can overcome MTHFR’s
effects and reduce AAP linked metabolic complications. The
purpose of this pilot study is to examine the effects of folate
supplementation on metabolic measures, endothelial functioning,
and inflammatory markers in schizophrenia subjects treated
with AAPs.

Methods: Subjects who were part of our phase I cross-sectional
study were given 5 mg of folate daily for three months in an open
fashion. Endothelial function was assessed using peripheral arterial
tonometry (RHI-PAT) using the EndoPAT 2000. Baseline mea-
surements included the RHI index, BMI, fasting metabolic
laboratory measures-reactive protein, homocysteine, IL-6, and
leptin and were reassessed after three months. Physical activity was
assessed using the Total Activity Measure 2 (TAM2) (Orrell and
others 2007).

Results: A total of 18 subjects are part of this interim analysis.
Their mean age is 50.5%6.03 years and racially, 61% are
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Caucasian and 33% are African American. Their mean BMI is
39.5 10 kg/mm2, 89% met the NCEP-ATP-III criteria for meta-
bolic syndrome and on average they met a mean of 3.05t1.35
(range 2-5) criteria for metabolic syndrome. Fifty-eight percent of
subjects currently smoked cigarettes and seven subjects had a
MTHFR T allele. After 3 months of folate supplementation, the
mean PAT index increased by 14% from (1.72 to 1.83, p=0.28)
indicating better endothelial functioning. Mean homocysteine
levels decreased by 15% (10.7 to 9.1 umol/L, p<o0.07). Mean BMI
did not change significantly between baseline and endpoint, but
did decrease from 40 to 39 (p=0.64). Mean IL-6 also decreased
30% from 4.93 to 3.43 pg/ml (p = 0.23), however mean leptin levels
increased 10% from 29.7 to 32.7ng/ml (p=o0.54). Subjects also
exercised less during the study, with TAM2 scores decreasing
by 15% over the 3 months (p =0.03). At baseline 70% of subjects
meet criteria for endothelial dysfunction (RHI<1.67) and after 3
months of folate supplementation this decreased to 40% (y2 = 8.6,
p =0.0033). Differences in the RHI index were seen in relation to
smoking where non-smokers had a 45% increase in RHI, compared
to a 7% increase in smokers (F=2.8 (1,10), p = 0.12). Additionally
those with a MTHFR CC genotype experienced an 24% increase in
the RHI compared to a 1.3% decrease in those with the T allele,
although this was not statistically significant (p=o0.13). This
difference may indicate that folate supplementation may benefit
the MTHFR CC genotype group the most.

Discussion: The results of this interim analysis are encouraging in
terms of the endothelial and inflammatory effects of folate
supplementation in schizophrenia subjects receiving AAPs. Folate
use may help reduce some of the AAP linked metabolic risks and
in fact we found that folate supplementation for 3 months resulted
in a significant reduction in the number of subjects meeting
criteria for endothelial dysfunction. Removal of this medical
diagnosis may mean reductions in overall cardiovascular risk.
Those with the MTHFR T allele (associated with reduced folate
metabolism) as well as current cigarette smokers may not fully
benefit from folate supplementation. Given our extremely small
sample size, more work needs to be done as we continue our folate
supplementation trial.

References:

Ellingrod VL, Miller DD, Taylor SF, Moline J, Holman T, Kerr J.
2008. Metabolic syndrome and insulin resistance in schizophrenia
patients receiving antipsychotics genotyped for the methylenete-
trahydrofolate reductase (MTHFR) 677C/T and 1298A/C variants.
Schizophr Res 98(1-3):47-54.

Orrell A, Doherty P, Miles ], Lewin R. 2007. Development and
validation of a very brief questionnaire measure of physical
activity in adults with coronary heart disease. Eur | Cardiovasc
Prev Rehabil 14(5):615-23.

Disclosure: V. Ellingrod: None. T. Grove: None. S. Taylor: Part 4:
St. Jude Medical, Neuronetics.

47. Moderate Dose Varenicline Treatment on Neurobiological
and Cognitive Biomarkers in Schizophrenia Smokers and
Non-smokers

Elliot Hong*

Maryland Psychiatric Research Center, Baltiore, USA

Background: Smoking or nicotine challenge in humans transiently
influences many biomarkers associated with schizophrenia,
including prepulse inhibition, sensory gating, antisaccade, eye-
tracking, sustained attention, information processing speed, and
spatial information processing, leading to the pharmaceutical
effort to target nAChRs for novel CNS drug development. There
are 17 known nicotinic receptor subunits. It is unclear which
nAChR subtype(s) is responsible for these seemingly pervasive
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nicotinic effects: identifying it would be instrumental for guiding
the development of biologically based drugs. Of the nAChR
subtypes, a4B2, 034 and oy are the primary ones in the brain.
Until recently, clinical efforts on nAChR therapeutics for schizo-
phrenia have been focused more on oy. No data systematically
comparing clinical o4B2 nAChR action across schizophrenia-
related biomarkers are available. We recruited smoking and
nonsmoking schizophrenia patients to evaluate varenicline effects
with and without potential smoking-related confounds. We chose a
moderate dose (1mg/day), which is half of the recommended
2mg for smoking cessation, because the moderate dose strategy
should 1) reduce risk especially in nonsmoking patients; 2) still
allow testing whether sustained a4f2 modulation would influence
biomarkers; and 3) further capitalize on the differential affinity of
varenicline to a4P2 vs. other subunits such that significant effects,
if found, are likely due to a4P2 rather than oy or a3f4 nAChR
subunits.

Methods: We investigated the effect of varenicline, a relatively
specific a4f2 partial agonist/antagonist, on key biomarkers that
are associated with schizophrenia and are previously shown to be
responsive to nicotinic challenge in humans. The design was a
double-blind, parallel, randomized, placebo controlled trial in
schizophrenia patients to examine effects of vareniclineon
biomarkers at short-term (2 week) and long-term (8 week), using
a slow titration and moderate dosing strategy for retaining c4f2
specific effect while minimizing side effects. 69 smoking and
nonsmoking patients randomized; 64 completed week 2; 59
completed week 8 of the biomarker and cogntive function tasks.
The main outcome measures were prepulse inhibition, sensory
gating, antisaccade, spatial working memory, eyetracking, proces-
sing speed, and sustained attention.

Results: Moderate dose of varenicline 1) reduced P50 sensory gating
deficit after a long-term (p =o0.006) but not short-term treatment;
significant in nonsmokers but not in smokers; 2) reduced startle
reactivity (p = 0.015) regardless of baseline smoking status; and 3)
improved executive function by reducing antisaccade error rate
(p =0.034) regardless of smoking status. Moderate dose varenicline
had no significant effect on spatial working memory, predictive and
maintenance pursuit, processing speed, or sustained attention by
Connor’s CPT. Clinically, there was no evidence of exacerbation of
psychiatric symptoms, psychosis, depression, or suicidality using a
gradual titration, 1 mg daily dose.

Discussion: We observed no evidence that moderate dose, 8-week
varenicline is unsafe in stable, medicated schizophrenia patients.
There is evidence of a long-term neurobiological improvement on
sensory gating and antisaccade functions, and a nonsignificant
reduction in psychotic symptoms, suggesting a unique efficacy
profile of the presumed partial agonist/antagonist o4f2 nAChR
modulation. These findings encourage further development of
a4P2 nAChR modulating compounds and optimizing dosing and
treatment duration that are safe and effective for treating specific
neurobiological deficits, a critical unmet treatment need in
schizophrenia.

Disclosure: E. Hong: None.

48. The Alphay Neuronal Nicotinic Receptor (NNR) Modulator
TC-5619 had Beneficial Effects and was generally Well Tolerated
in a Phase 2 Trial in Cognitive Dysfunction in Schizophrenia
(CDS)

David Hosford*, Geoffrey Dunbar, Jeffrey Lieberman, Anthony
Segreti

Targacept Inc, Winston-Salem, USA

Background: TC-5619 is a selective alphay NNR modulator. TC-
5619 had efficacy in preclinical models of memory and schizo-
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phrenia’ and was generally well tolerated in phase 1 trials in
healthy volunteers, demonstrating a robust improvement in
attention at 6.8mg in a multiple rising dose study. This trial
tested the effect of TC-5619 on cognitive and negative symptoms in
subjects with schizophrenia.

Methods: In the US and India 185 outpatients (18-65 years; male
69%; 46% tobacco users) with stable schizophrenia and taking
quetiapine or risperidone were randomized to 12 weeks of placebo
(n = 91) or TC-5619 (n = 94: 1 mg po qd Day 1 to Week 4; 5 mg po
qd Week 4 to Week 8; 25mg po qd Week 8 to Week 12). The
primary outcome measure tested executive function at Weeks 4, 8
and 12: Groton Maze Learning Task (GMLT) of the computerized
CogState Schizophrenia Battery (CSB). Secondary outcome mea-
sures included: CSB composite score; Scale for Assessment
of Negative Symptoms (SANS); CGI-Global Impression (CGI-I);
CGI-Severity (CGI-S); Subject Global Impression-Cognition (sub-
ject-rated scale assessing Speed of Thinking, Memory & Attention).
Safety measures included: AEs; physical exam; vital signs; serum
and urine labs; ECG; Abnormal Involuntary Movement Scale
(AIMS); Columbia Suicide Severity Rating Scale (CSSRS); and
Calgary Depression Scale for Schizophrenia (CDSS).

Results: Blinded GMLT data showed a positive skew; all GMLT
data were log(10) transformed. GMLT results favored TC-5619
(Hochberg adjusted p=0.054) and met predefined success criteria
(1-sided p <0.10). SANS, CGI-I and SGI-Cog results favored TC-5619
(unadjusted p <o0.05) on a measurement date. The effect was driven
primarily by tobacco users. TC-5619 was generally well tolerated and
there were no noteworthy safety findings.

Discussion: The concordance between objective, clinician-rated
and subject-rated scores supports the promise of TC-5619 for
treating the cognitive dysfunction and negative symptoms in
patients with schizophrenia.

'Hauser TA, Kucinski A, Jordan KG, Gatto GJ, Lippiello PM,
Bencherif M: TC-5619: An oy NNR selective agonist that
demonstrates efficacy in animal models of schizophrenia. Biochem
Pharmacol 1009; 78: 803-812.

Disclosure: D. Hosford: Part 2: Full-time paid employee and stock
holder of Targacept, Part 5: Targacept, Inc. G. Dunbar: Part 2: Full
time employee and stock holder of Targacept, Inc., Part s5:
Targacept, Inc. J. Lieberman: None. A. Segreti: Part 2: Full time
paid employee and stock holder of Targacept, Inc., Part s5:
Targacept, Inc.

49. Daytime Sleepiness as a Mediator of Treatment Outcome in a
Placebo- and Quetiapine XR-Controlled Trial of Lurasidone in
Patients with Schizophrenia

Robert Silva, Josephine Cucchiaro, Andrie Pikalov, Jane Xu,
Cynthia Siu, Antony Loebel, Amir Kalali*

Quintiles Inc., San Diego, USA

Background: Daytime sleepiness is an adverse effect observed
with some antipsychotic agents. The impact of sleepiness
during waking hours on treatment outcomes is under-appreciated,
and infrequently assessed using a validated scale. The aim of
this post-hoc analysis was to evaluate the effect of lurasidone
(80omg/d or 160 mg/d) and quetiapine XR 600 mg/d on daytime
sleepiness and its mediating effects on clinical, cognitive and
functional outcomes in patients with an acute exacerbation of
schizophrenia.

Methods: Patients who met DSM-IV criteria for schizo-
phrenia were randomized to 6-weeks of double-blind treatment
with lurasidone 8omg/d (N =125 LURS80), lurasidone 160 mg/d
(N =121, LUR160), quetiapine XR 60oomg/d (N=120, QXR), or
placebo (N =122), administered once-daily in the evening. The
effect of study medication on persistent daytime sleepiness was



measured using the Epworth Sleepiness Scale (ESS). Daytime
sleepiness as a mediator of reduction in cognitive or functional
performance was evaluated in specific situations using the ESS
items, as well as the ESS total score. Cognitive performance was
assessed using CogState computerized battery composite scores.
Functional performance was evaluated using the UCSD Perfor-
mance-based Skills Assessment, Brief (UPSA-B). We applied a
structural equation model to explore the potential mediating effect
of daytime sleepiness associated with antipsychotic treatments on
these outcome measures. Because cognition and UPSA-B assess-
ments can be influenced by cultural differences, analyses were
performed in all subjects and within the subgroup of US sites.
Results: Analysis of ESS change score from baseline showed that
QXR (+ 0.6, SD 3.5) was associated with a statistically significant
increase in daytime sleepiness, when compared to placebo (-0.9,
SD 3.5) (p=o0.001) or lurasidone (LUR80 -1.1, SD 3.5, p<0.001;
LUR160 -0.7, SD 3.5, p=0.007). Among the 8 common situations
assessed in ESS scores, QXR was associated with a significant
increase in sleepiness in 5 situations when compared to placebo
(p=o0.013, ‘dozing when talking’; p=o0.008, ‘sitting and reading’;
p<o.001, ‘watching TV’; p=0.005, ‘afternoon resting’; p =0.051,
‘sitting quietly after lunch without alcohol’). There was signifi-
cantly greater improvement in PANSS total scores and UPSA-B
performance score for all 3 active treatments compared to placebo.
Significant benefit of LUR160 in overall cognitive performance was
also observed when compared to placebo and QXR. Structural
equation models showed that high likelihood of ESS item “dozing
when talking” was a significant mediator of reduction in overall
cognitive performance for QXR vs. placebo (p=0.043 US sites)
and for QXR vs. LUR160 (p =0.006 for US sites, and p = 0.015 for
all subjects). The overall ESS total score or the more soporific
“afternoon resting” item score were not significant mediators for
cognitive outcome. For the UPSA-B total score, change in ESS total
score was a significant mediator for QXR vs. placebo (p =0.003,
US subjects only; p> 0.05), indicating increase in overall daytime
sleepiness might mediate reduction in functional performance
among QXR treated subjects, while a reverse trend was observed
for those in the placebo arm. We also found overall sleepiness to be
a significant mediator of changes in PANSS total score for QXR vs.
placebo (p = 0.026, US sites only; p > 0.05, all subjects), but not for
other treatment comparisons.

Discussion: Treatment with 8omg or 160mg of lurasidone,
administered once-daily in the evening, was associated with a
small reduction in daytime sleepiness that was similar in
magnitude to placebo. In contrast, treatment with quetiapine
XR 60oomg was associated with a significant increase in self-
reported daytime sleepiness compared to placebo. Our findings
indicate overall daytime sleepiness might be a mediator of
change in clinical or performance-based functional outcomes,
while sleepiness as a mediator of cognitive performance is more
dependent on the specific situation for which sleepiness is
reported.

Disclosure: R. Silva: Parts 1-5: Full-time employee of Sunovion
Pharmaceuticals, Inc. J. Cucchiaro: Parts 1-5: Full-time employee
of Sunovion Pharmaceuticals, Inc. A. Pikalov: Parts 1-5: Full-time
employee of Sunovion Pharmaceuticals, Inc. J. Xu: Parts 1-5: Full-
time employee of Sunovion Pharmaceuticals, Inc. C. Siu: Part 1:
Paid consultant for Pfizer, Inc.; Sunovion Pharmaceuticals Inc.
(Dainippon Sumitomo Pharma America); Wyeth (Now Part of
Pfizer, Inc.); Memory (Now Part of Roche), Part 2: Paid consultant
for Pfizer, Inc.; Sunovion Pharmaceuticals Inc. (Dainippon
Sumitomo Pharma America); Wyeth (Now Part of Pfizer, Inc.);
Memory (Now Part of Roche), Part 3: Paid consultant for Pfizer,
Inc.; Sunovion Pharmaceuticals Inc. (Dainippon Sumitomo
Pharma America); Wyeth (Now Part of Pfizer, Inc.); Memory
(Now Part of Roche). A. Loebel: Parts 1-5: Full-time employee of
Sunovion Pharmaceuticals, Inc. A. Kalali: Parts 1-5: Full-time
employee of Quintiles Inc.
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50. Clinical Trials of Potential Cognitive-Enhancing Drugs in
Schizophrenia: What Have We Learned So Far?

Richard Keefe*, Robert Buchanan, Stephen Marder, Nina Schooler,
Ashish Dugar, Milana Zivkov, Michelle Stewart

Duke University Medical Center, Durham, USA

Background: A large number of studies have been conducted or
are currently underway to examine the treatment of cognitive
impairment associated with schizophrenia (CIAS). In light of the
number of negative studies, we critically reviewed completed and
ongoing CIAS trials to examine factors that may contribute to this
lack of success.

Methods: Trials were identified through searches of the website
‘www.clinicaltrials.gov’ through 20 April 2011. We included trials
that were conducted in people with schizophrenia, the effects on
cognition were either a primary or secondary outcome, and the
effect of a pharmacologically active substance was examined. Drug
challenge, pharmacokinetic, pharmacodynamic or prodrome of
psychosis studies were excluded. We also evaluated whether the
study had sufficient statistical power (beta = 0.80) to identify true
treatment differences based upon the following assumptions: two-
tailed alpha of 0.05, test-retest of the primary outcome of Intra-
Class Correlation (ICC) = o0.90 [consistent with the MATRICS
Consensus Cognitive Battery (MCCB) composite score in multi-
site studies] and effect size estimates of d =.5 (medium effect).
Results: We identified 118 trials; of these, 61 were completed and 57
are ongoing. Seventy-three (62%) used an add-on or “co-
treatment” parallel group design. Fifty per cent of completed
add-on trials and 22.0% of trials using other designs had adequate
study design details available in the public domain and were
included in our analysis. A similar distribution of sample sizes was
observed for both completed trials and ongoing trials. However,
only 17.6% of completed and 35.9% of ongoing trials report a
sample size that was or is anticipated to be sufficient to produce
statistical power to detect a medium (d=o.5) effect size, which
requires 71 subjects per group (given a 2-arm trial with drug and
placebo). The trial duration was >8 weeks in 41.2% of completed
trials, but there appears to be a pattern of longer duration
among ongoing trials, with 66.7% being >8 weeks long. No clear
preference or consistency in the primary neurocognitive outcome
measure was observed among completed add-on trials, with 14.7%
using the MCCB. Twenty one (53.8%) ongoing add-on trials use the
MCCB, either alone or in combination with another neurocognitive
assessment battery. No clear pattern could be established in the
choice of co-primary outcome related to functioning or functional
capacity in either completed or ongoing trials. The large majority
of completed and ongoing trials were performed in participants
who tended to be >65% male, with chronic, stable schizophrenia.
Five (8.8%) ongoing trials are being specifically conducted in
subjects with recent onset schizophrenia. A defined level of
cognitive impairment was used as an inclusion criterion in 20.6%
of the completed and 15.4% of the ongoing add-on trials. However,
there is no consistency in the definitions of cognitive impairment
used. Based on the available data, the subjects in the completed
trials had at least a minimal level of cognitive impairment. Among
the 17 completed trials with available outcome information,
16(94%) reported lack of separation between a drug and placebo
on a cognitive endpoint.

Discussion: Since half of the completed trials do not have results in
the public domain, and even fewer in the peer-reviewed literature,
it is unfortunately challenging to make any reliable appraisals of
the factors that may be associated with failure of drugs to separate
from placebo. The possible methodological reasons are varied.
Cross-over designs for cognitive outcomes are appealing due to
their potential capacity to enhance power through within-subjects
analyses, but these trials may obscure effects that could be detected
in parallel group designs because practice and treatment effects
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may be confounded. Studies completed to date have not had
sufficient statistical power to state confidently that a particular
treatment does not have potential efficacy. Further, the predomi-
nant patient population in these studies has been older, chronic,
and mostly male, who may be the least likely to benefit from
cognitive enhancement. A substantial number of clinical trials of
potential treatments for cognitive enhancement in schizophrenia
are currently ongoing. These studies, with larger and more diverse
samples, also including several trials specifically focusing on recent
onset schizophrenia, are likely to shed more light on the challenges
of CIAS trial design and methodology, and may increase the
probability of identifying treatments with beneficial effect on
cognitive impairment in schizophrenia.

Disclosure: R. Keefe: Part 1: Consulting: Abbott, Astellas,
BiolineRx, Bristol-Myers Squibb, Eli Lilly, EnVivo, Lundbeck,
Merck, Pfizer, Roche, Shire, Sunovion, Takeda Research funding:
Dept. of Veterans Affaris, GlaxoSmithKline, NIMH, Novartis,
PsychoGenics, Research Foundation for Mental Hygiene, Inc.,
Singapore Medical Research Council Shareholder: NeuroCog
Trials, Inc., Part 2: Abbott, BiolineRx, Eli Lilly, EnVivo, Lundbeck,
Merck, Pfizer, Roche, Shire, Sunovion, Part 3: NeuroCog Trials,
Inc., Part 4: Department of Veteran’s Affairs, GlaxoSmithKline,
NIMH, Novartis, PsychoGenics, Research Foundation for Mental
Hygiene, Inc., Singapore Medical Research Council, Part 5: none.
R. Buchanan: Part 1: Advisory boards: Abbott, Amgen, Astellas,
Astra-Zeneca, Merck, Pfizer, ROche, Solvay Pharmaceuticals, Inc.,
Takeda, Wyeth Consultant: Bristol-Myers Squibb, Cypress
Bioscience, GlaxoSmithKline, Sanofi-Aventis, Takeda DSMB Mem-
ber: Pfizer, Cephalon, Otsuka. S. Marder: Part 1: Consulting:
Amgen, Astellas, Shire, Pfizer, Roche, Abbott, Lundbeck, Targa-
cept. Stockholder: MedAvante, Part 4: Novartis, Glaxo Smith Kline,
Psychogenics, Sunovion. N. Schooler: Part 1: Astra Zeneca, Bristol
Meyers Squibb, Eli Lilly & Company, Hoffman LaRoche, H
Lundbeck, Merck, Johnson and Johnson, OrthoMcNeil Janssen,
Pfizer, Shire, Part 2: None, Part 3: None, Part 4: Astra Zeneca,
Bristol Meyers Squibb, Eli Lilly and Company, H Lundbeck,
OrthoMcNeil Janssen, Pfizer, Inc. A. Dugar: Part 1: Pfizer, Part 2:
Pfizer, Part 3: Pfizer, Part 5: Pfizer. M. Zivkov: Part 1: Consultant:
Pfizer, Inc., FD Sante, Part 2: Paid consultancy to Pfizer, Inc. and
FD Sante, Part 3: Paid consultancy to Pfizer, Inc. and FD Sante. M.
Stewart: Part 1: Full-time employee of Pfizer and receive salary and
stock as compensation., Part 2: Full-time employee of Pfizer and
receive salary and stock as compensation, Part 5: Pfizer, Inc.

51. Adjunctive Lisdexamfetamine Dimesylate Treatment of
Predominant Negative Symptoms of Schizophrenia in Clinically
Stable Adults Maintained on Atypical Antipsychotic

Agents: a 14-Week Trial

Robert Lasser*, Bryan Dirks, Henry Nasrallah, Courtney Kirsch,
Joseph Gao, Mary Ann Knesevich, Jean-Pierre Lindenmayer

Shire Development Inc., Wayne, USA

Background: Treatments are needed for negative symptoms of
schizophrenia (NSS), associated with low mesocortical tract
dopamine activity. This multicenter study examined adjunctive
treatment with lisdexamfetamine dimesylate (LDX; Vyvanse®,
Shire US Inc.), a d-amphetamine prodrug, to antipsychotics in
clinically stable adults with predominant NSS.

Methods: Outpatients with stable schizophrenia (>2 vyears),
predominant NSS (SANS-18 [items 1-6, 8-12, 14-16, 18-21] score
>55, score >3 on >2 SANS Global items, PANSS positive score
<20), and maintained on stable atypical antipsychotic (>12
weeks) underwent 3 weeks screening, 10 weeks open-label (OL)
LDX augmentation (20-70 mg/d, and then 4 weeks double-blind
randomized withdrawal (RW). Eligible participants (any SANS-18
improvement at week 10) entered double-blind, placebo-controlled
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RW. Efficacy measures included SANS-18 (primary) and SANS
Global items, PANSS total and subscales. Safety evaluations
included treatment-emergent adverse events (TEAEs), vital
signs, and Calgary Depression Scale for Schizophrenia (CDSS).
Withdrawal criteria included >25% increase in PANSS total or
>2-point increase on positive items at 2 consecutive visits,
increase in suicidal ideations, or positive drug screen.

Results: 92 participants received OL LDX; 69 entered RW to
continue LDX (n=34) or placebo (n=35); 13 were discontinued
during RW.

At baseline (week o), mean (SD) SANS-18 score was 60.2 (4.36).
Mean change (95% confidence interval [CI]; weeks o-10 OL) was
-12.9 (-15.0, -10.8)(primary endpoint; P<.0001). 52.9% were
SANS-18 responders (>20% reduction from baseline). All SANS
Global items showed significant decreases (P<.ooo1 for each).
PANSS total and positive score mean changes (95% CI) were -9.8
(-11.7, -8.0) and -1.0 (-14, -0.5). During RW (weeks 10-14), no
differences (change from randomization baseline) were found
between LDX and placebo in SANS-18 or PANSS positive scale scores.
Change (weeks 0-10) in systolic and diastolic BP were 2.6 (8.13) and
2.3 (712) mmHg and pulse was 5.1 (11.74) bpm. There was no
meaningful change in CDSS (week 0-14) for LDX and placebo. In
OL, TEAE incidence was 60.9% and TEAEs >5% were headache
(14.1%), decreased appetite (10.9%), insomnia (10.9%), dizziness
(8.7%), dry mouth (6.5%), and diarrhea (5.4%). Serious TEAEs
occurred in 3.3%; 5.4% discontinued due to TEAEs in OL.
Discussion: NSS significantly decreased and PANSS total score
improved with OL LDX without positive symptom worsening.
There was no overall symptom worsening with abrupt LDX
discontinuation during placebo treatment. LDX may be safely
administered to carefully selected patients with clinically stable
schizophrenia. Confirmation with larger, controlled trials is
needed.

Supported by funding from Shire Development Inc.

Disclosure: R. Lasser: Part 1: Shire employee and holds stocks and/
or stock options in Shire, Part 2: Shire employee and holds stocks
and/or stock options in Shire, Part 3: Shire employee and holds
stocks and/or stock options in Shire, Part 5: Shire employee and
holds stocks and/or stock options in Shire. B. Dirks: Part 1: Shire
employee and holds stocks and/or stock options in Shire and
Johnson & Johnson, Part 2: Shire employee and holds stocks and/
or stock options in Shire and Johnson & Johnson, Part 3: Shire
employee and holds stocks and/or stock options in Shire and
Johnson & Johnson, Part 5: Shire employee. H. Nasrallah: Part 1:
Over the past two years, I have conducted clinical research with the
following companies, with all funding being sent directly to my
institution [University of Cincinnati]: Forest, Janssen, Otsuka,
Pfizer, Roche, Shire, Part 2: Over the past 2 years, I have personally
received consulting fees or speaking honoraria exceeding $10,000
from the following companies: Astrazeneca, Janssen, merck,
Novartis, Pfizer, Sunovion. These payments represented more
than 5% of my total annual income, Part 3: None of the research
grants were sent to me personally. As a full-time university
employee, all grants are property of the university. As shown in
part two above, I only received honoraria and consulting fees
from the companies listed above., Part 4: As above in Part three.
Also, neither I or my family members own any stocks in any
pharmaceutical company listed or mot listed in this disclosure,
Part 5: Not applicable. I am a full-time university employee.
C. Kirsch: Part 1: Shire employee and holds stocks and/or stock
options in Shire, Part 2: Shire employee and holds stocks and/or
stock options in Shire, Part 3: Shire employee and holds stocks
and/or stock options in Shire, Part 5: Shire Development Inc.
J. Gao: Part 1: I am an employee of Shire Development Inc. and
hold stocks and stock options of the company (Shire plc) as a
result., Part 2: Salary, bonus, and exercise of stocks/options at
Shire., Part 3: Salary, bonus, and exercise of stocks/options at
Shire., Part 5: Shire Development Inc. M. Knesevich: Part 1: Over



the past two years I have conducted clinical research for and
received research grants from the following pharmaceutical
companies: Astra Zeneca Pharma, Bioline Rx, Cephalon Pharma-
ceuticals, Danone Corporation, Forest Research Institute, Janssen
Pharma, Johnson & Johnson Pharmaceuticals, Merck, Novartis
Inc., Pfizer Pharmaceuticals, Roche Pharma, Shire Pharmaceuti-
cals, Part 2: Over the past two years I have received research grants
greater than $10,000 per year from the following companies: Astra
Zeneca Pharma, Bioline Rx, Cephalon Pharmaceuticals, Danone
Corporation, Forest Research Institute, Janssen Pharma, Johnson
& Johnson Pharmaceuticals, Merck, Novartis Inc., Pfizer Pharma-
ceuticals, Roche Pharma, Shire Pharmaceuticals, Part 3: I have
served as a contract clinical investigator with the following
pharmaceutical companies and the clinical research grants paid
to me represent more than 5% of my personal income calendar
years 2009 to present: Astra Zeneca Pharma, Bioline Rx, Cephalon
Pharmaceuticals, Danone Corporation, Forest Research Institute,
Janssen Pharma, Johnson & Johnson Pharmaceuticals, Merck,
Novartis Inc., Pfizer Pharmaceuticals, Roche Pharma, Shire
Pharmaceuticals, Part 4: Astra Zeneca Pharma, Bioline Rx,
Cephalon Pharmaceuticals, Danone Corporation, Forest Research
Institute, Janssen Pharma, Johnson & Johnson Pharmaceuticals,
Merck, Novartis Inc., Pfizer Pharmaceuticals, Roche Pharma, Shire
Pharmaceuticals, Part 5: My primary employer is the company I
own, University Hills Clinical Research. J. Lindenmayer: Part 1:
Advisory Board/Consultancy (fees paid to Institution): Roche;
Merck; Janssen; Lilly; Shire; Multi Health Systems (Rating Scale
Royalties), Part 2: Office of Mental Health, NY State (full time
employee), Part 4: Lilly; Roche; Otsuka; Sunovion; Astra-Zeneca;
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52. Relapse Prevention with Lurasidone vs. Quetiapine XR in
Chronic Schizophrenia: Results of a 12-Month, Double-Blind
Study

Antony Loebel*, Josephine Cucchiaro, Jane Xu, Kaushik Sarma,
Andrei Pikalov, Amir Kalali

Sunovion Pharmaceuticals Inc., Ft. Lee, USA

Background: This was a multiregional study designed to evaluate
the efficacy and safety of flexible once-daily doses of lurasidone
(40-160 mg) vs. quetiapine XR (QXR; 200-800mg) in preventing
relapse in subjects with chronic schizophrenia who demonstrated a
clinical response after completing an initial double-bind, 6 week
trial of lurasidone (80 mg; 160 mg), QXR (600 mg), and placebo.
Methods: Subjects who completed the initial 6-week trial enrolled
in a 12-month double-blind extension phase study in which
subjects initially treated with lurasidone continued on flexible
once-daily doses of lurasidone (40-160 mg; n=151), and subjects
initially treated with QXRcontinued on flexible once-daily doses of
QXR (200-800 mg; n = 85). Subjects initially treated with placebo
were started on flexible once-daily doses of lurasidone (40-160 mg;
n=56), and were analyzed separately. Relapse was defined as the
earliest occurrence of (1) >30% increase in the PANSS total score
from the end of acute phase score and a CGI-Severity score >3;
(2) hospitalization for worsening psychosis; or (3) emergence of
suicidal ideation, homicidal ideation and/or risk of harm to self or
others. The primary endpoint, time-to-relapse, was analyzed using
a Cox proportional hazards model with country as a covariate. The
pre-specified non-inferiority margin for the risk of relapse hazard
ratio was 1.93. Safety and tolerability measures included adverse
events (AEs), body weight, lipid parameters, and ECGs.

Results: The Kaplan-Meier estimate of the probability of relapse at
12 months was lower on lurasidone vs. QXR (0.237 vs. 0.336). The
risk of relapse hazard ratio [95%-CI] based on the Cox model was
0.728 [0.410, 1.295], indicating a 27.2% reduction in risk of relapse
compared to QXR. Treatment with lurasidone was associated with
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a significantly greater change from acute phase baseline in PANSS
total scores at Months 3 (-32.1 vs. -27.4; p = 0.022), 6 (-34.1 Vs. -26.8;
P<0.001), 9 (-33.4 Vs. -24.8; p=0.003), and 12 (-34.6 Vs. -25.7;
p=0.006), based on an MMRM analysis. Treatment with
lurasidone was also associated with a greater change from acute
phase baseline in the MADRS total scores at Months 6 (-6.2 vs.
-4.8; p=o0.07) and 12 (-6.0 vs. -3.8; p =0.04). The mean daily dose
of lurasidone was 125.5mg and the mean daily dose of QXR was
629 mg. Discontinuation due to insufficient clinical response was
lower in the lurasidone group compared to the QXR group (9% vs.
21%). Discontinuation rates due to AEs were similar for lurasidone
and QXR (7% vs. 5%). AEs on lurasidone with an incidence >5%
were akathisia (12.1%), headache (9.2%), parkinsonism (8.7%),
insomnia (7.7%), nausea (6.3%), and anxiety (5.3%). For lurasidone
and QXR, respectively, mean change (from acute phase baseline,
OC analysis) in weight (kg)at 6 months was + 0.8 vs. + 6.5, and at
12 months was -0.08 vs. +1.0. Median change in glucose (mg/dL)
at 6 months was -2.0 vs. + 2.0, and at 12 months was -0.5 vs. +1.0.
Median change in cholesterol (mg/dL) at 6 months was -8.0 vs.
+6.0, and at 12 months was 0.0 vs. +4.0. Similarly, median
change in triglycerides (mg/dL) at 6 months was -4.0 vs. + 6.0, and
at 12 months was -18.0 vs. -7.0. There were no clinically meaningful
changes in vital signs, or laboratory and ECG parameters on
either drug.

Discussion: This double-blind study demonstrated the non-
inferiority of lurasidone to QXR in risk for relapse over a 12 month
period. Treatment with lurasidone was associated with a 27.2%
reduction in risk of relapse compared to QXR (hazard ratio, 0.728).
Lurasidone treatment was associated with significantly greater
improvement on the PANSS total score and MADRS from acute
phase baseline to 12 month study endpoint. Treatment with
lurasidone was also associated with few adverse effects on metabolic
parameters, and a minimal effect on weight and prolactin.
Disclosure: A. Loebel: Parts 1-5: Full-time employee of Sunovion
Pharmaceuticals, Inc. J. Cucchiaro: Parts 1-5: Full-time employee
of Sunovion Pharmaceuticals, Inc. J. Xu: Parts 1-5: Full-time
employee of Sunovion Pharmaceuticals, Inc. K. Sarma: Parts 1-5:
Full-time employee of Sunovion Pharmaceuticals, Inc. A. Pikalov:
Parts 1-5: Full-time employee of Sunovion Pharmaceuticals, Inc.
A. Kalali: Parts 1-5: Full-time employee of Quintiles, Inc.

53. Paternal Age and Treatment Response in Adolescents with
Schizophrenia

Dolores Malaspina*, Opler Mark, Srihari Gopal , Isaac Nuamah,
Adam Savitz, Jaskaran Singh, David Hough

New York Univeristy School of Medicine, New York, USA

Background: Advanced paternal age (APA) is associated with
increased risk for schizophrenia, particularly sporadic cases.
Twenty-five percent of schizophrenia cases may be explained by
advancing paternal age. Several reports show distinct illness
features in cases with APA, suggesting APA may contribute to a
specific subtype of schizophrenia.”*? Treatment response with
respect to APA has not been examined.

Methods: We conducted a post-hoc analysis of data from a
pharmacological trial in adolescent schizophrenia cases (NCT
00518323). The main efficacy and safety results from this study are
reported elsewhere.* The randomized 6-week double-blind trial
assessed treatment response to placebo and 3 different weight-
based doses of paliperidone extended-release (ER). We examined
the correlation of parental ages with (1) age of onset, (2) symptom
severity, and (3) response defined as a 20% or more improvement
in PANSS total score from baseline ratings. Parental age was
defined as age (in years) at the birth of the child. The analytic
approach employed correlations, analysis of covariance, linear
regression and logistic regression.
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Results: Paliperidone ER was effective in treating schizophrenia at
doses of 3-12mg/day in 201 adolescents (age 12-17), as previously
reported.* Mean (SD) for paternal age was 29.2 (6.2), range (16-50);
maternal age was 26.8 (5.7), range (17-42). The new analyses
showed: (1) Parental age did not significantly correlate with age of
onset or with initial symptom severity. (2) Both paternal and
maternal ages were significantly correlated with response; off-
spring of older parents in both active and placebo treatment
groups exhibited a higher rate of response. Significant predictors
of response were: study medication (p=.008), paternal age
(p=.015) and maternal age (p=.015). Accounting for treatment
groups (placebo vs. all paliperidone ER arms), both maternal and
paternal age showed significant effect (p<.03) on response.
Separating treatment groups into placebo vs. 1.5 mg paliperidone
ER (ineffective dose) vs. the combined effective doses 3-12mg,
paternal age showed a robust effect (p=.031) on response, with
only a trend association to maternal age (p =.065).

Discussion: These results show increasing parental age is asso-
ciated with greater response in adolescents. The findings also
augment the hypothesis that advanced paternal age contributes to
a specific subtype of schizophrenia, consistent with earlier reports
by Malaspina et al.** This finding offers new promise for patient
specific research and individualized treatment interventions.
Notably, although the risk to offspring for any individual father
may be increased as he ages, most schizophrenia cases with
advanced paternal age-related illness are born to fathers in their
30’s. The risk for schizophrenia is only doubled for fathers of this
age, but far more men have children at these ages than at older
years.

Disclosure: D. Malaspina: None. O. Mark: None. S. Gopal: Part 1:
Full time employee Johnson & Johnson, Part 2: Shareholder
Johnson & Johnson, Part 3: Full time employee Johnson & Johnson,
Part 4: Not applicable, Part 5: Full time employee Johnson &
Johnson. I. Nuamah: Part 1: I am a full-time employee of Johnson
& Johnson Pharmaceutical Research and Development, Part 2: I am
a full-time employee of Johnson & Johnson Pharmaceutical
Research and Development, Part 5: Johnson & Johnson Pharma-
ceutical Research and Development. A. Savitz: Part 4: When
employed by Weill Cornell Medical College (left May 2011) had
research support from: Sanofi-Aventis Abbott Laboratories, Part 5:
Johnson & Johnson Pharmaceutical Research and Development.
J. Singh: Parts 1-5: Full time employee Johnson & Johnson PRD
LLC. D. Hough: Parts 1-5: Employee of Johnson & Johnson
Pharmaceutical Research and Development LLC.

54. Correlation between Antipsychotic Efficacy and Weight Gain
with Iloperidone in Short and Long-term Trials in Schizophrenia
Henry A. Nasrallah*, Marla Hochfeld, Xiangyi Meng,

Richard Wu, Adam Winseck, Saeeduddin Ahmed

University of Cincinnati, Cincinnati, USA

Background: Antipsychotic agents are associated with varying
degrees of weight gain. Several published studies have observed
that improvement of psychosis in schizophrenia is associated with
increased Body Mass Index (BMI). We examined whether a
correlation exists between weight gain and efficacy (decreased
psychosis score) in short- and long-term clinical trials of
iloperidone, one of the new atypical antipsychotics approved for
the treatment of schizophrenia in adults.

Methods: Two sets of clinical trial data were analyzed: 1) 4
randomized, double-blind, placebo-controlled short-term trials of
4- or 6-weeks duration comparing iloperidone 4-24mg/d to
placebo in patients with schizophrenia and 2) three randomized,
long-term phase 3 trials lasting up to 52 weeks that compared
iloperidone 4-16 mg/d with haloperidol 5-20 mg/d in patients with
schizophrenia. The intent-to-treat population, containing all
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randomized patients who received at least one dose of double-
blind study medication and had at least one efficacy measurement,
was used for analysis. For each visit, change from baseline in
Positive and Negative Syndrome Scale total (PANSS-T) score
(calculated as baseline value minus post-baseline value, decreased
score indicates clinical improvement) were obtained. Correlation
coefficients and corresponding P values were calculated from
Pearson correlation analysis of change from baseline in PANSS-T
and change from baseline in weight (kg).

Results: 1) In the short-term 4 and 6 week studies, no statistically
significant correlations between weight gain and efficacy were
observed for any iloperidone treatment group at study endpoints.
Pearson correlation coefficients for Week 4 were -0.0420 for
iloperidone 4-8 mg/d (P = 0.59), 0.0094 for iloperidone 10-16 mg/d
(P=0.88), and 0.0548 for iloperidone 20-24mg/d (P=o0.37).
Corresponding correlation coefficients at Week 6 for these groups
were 0.0479 (P=0.61), -0.1176 (P=0.11), and 0.0550 (P = 0.66).
2) For the long-term 52 week data, both antipsychotic agents
showed similar efficacy as measured by the PANSS-T; least-
squared mean (LSM) changes from baseline to Week 52 were 32.3
for iloperidone and 31.2 for haloperidol. Pearson correlation
coefficients at Week 52 of 0.1687 for iloperidone (P =0.0002) and
0.1972 for haloperidol (P=0.0099) indicated a statistically
significant relationship between weight increase and reduction
(improvement) in PANSS-T score.

Discussion: A statistically significant but weak positive correlation
was seen between PANSS-T efficacy and weight gain with
iloperidone and haloperidol in the long-term studies only, with
no correlation observed in the short-term iloperidone studies. The
implications of these findings will be discussed.

Disclosure: H. Nasrallah: Part 1: Over the past two years, I have
conducted clinical research with the following companies with all
funding being sent directly to my institution (University of
Cincinnati: Forest, Janssen, Otsuka, Pfizer, Roche, Shire, Part 2:
Over the past two years, I have personally received consulting fees
or speaking honoraria exceeding $10,000 from the following
companies: AstraZeneca, Janssen, Merck, Novartis, Pfizer, Suno-
vion. These payments represented more than 5% of my total
annual income, Part 3: None of the research grants were sent to me
personally. As a full-time university employee, all grants are
property of the university. As shown in part two above, I only
received honoraria and consulting fees from the companies listed
above, Part 4: As above in Part Three. Also, neither I or my family
members own any stocks in any pharmaceutical company listed or
not listed in this disclosure, Part 5: Not applicable. I am a full-time
university employee. M. Hochfeld: Part 5: Novartis Pharmaceu-
ticals. X. Meng: Part 5: Novartis Pharmaceuticals. R. Wu: Part s5:
Novartis Pharmaceuticals. A. Winseck: Part 5: Novartis Pharma-
ceuticals. S. Ahmed: Part 5: Novartis Pharmaceuticals.

55. Examining Methods for Computing “Clinical Response” in
Placebo Controlled Trials of Antipsychotics in the NEWMEDS
Repository

Jonathan Rabinowitz*, Nomi Werbeloff, Frangois Menard,

Judith Jaeger, Bruce Kinon, Virginia Stauffer, Francine S. Mandel,
Shitij Kapur

Bar Ilan University, Ramat Gan, Israel

Background: Recent draft EMA guidelines for drug development in
schizophrenia have recommended the presentation of responder
analysis and have established 30% change from baseline on the
PANSS as the criteria for clinical response. A 20% change has been
the commonly accepted threshold for response and has been
shown to correspond with a 1 point change on the CGI-S and a
CGI-I of “minimally improved” and 50% PANSS reduction with
“much improvement”. The clinical meaningfulness of these cut-off



values may vary since 20% is clinically important for treatment-
refractory patients but may not be for non-refractory patients. We
examined extent of clinical response using 20% and 30% thresh-
olds in 29 placebo controlled trials of second generation
antipsychotics.

Methods: The NEWMEDS repository includes patient anonymized
data from AstraZeneca, Janssen, Eli Lilly, Lundbeck, and Pfizer
from 29 placebo-controlled trials of second-generation antipsy-
chotics (placebo, n=2200; active treatment, n=6971) in schizo-
phrenia, all of which demonstrated active treatment to be superior
to placebo. Nineteen studies were 6 weeks long, four were 8 weeks
long, three 4 weeks long, one 7 weeks long, one 12 weeks long and
one was a one year study. For the purposes of analysis, all studies
were truncated at 6 weeks, and one study, where this was not
possible, was excluded from the analysis. We examined study
results using clinical response criteria of 20% and 30% change
from baseline and applied the two methods used in computing
PANSS change. The unadjusted method ((change/baseline)*100)
and the more psychometrically correct adjusted method ((change/
(baseline-30))*100) that accounts for the fact that the PANSS
lowest score is 30 (30 items, minimum per item 1). Analyses were
done using last observation carried forward (LOCF). Percent of
responders on placebo and active treatment based on different
methods were examined as were the proportion of active treatment
and placebo comparisons showing a significant difference.
Results: Comparing placebo (n=2024) to active treatment
(n=6510), unadjusted response at the 20% level was attained by
30% vs. 46%, and at the 30% level by 19% vs. 29%. Adjusted
response at the 20% level was attained by 40% vs. 57% and at the
30% level by 31% vs. 46%. Within studies, in 48% (39 of 81) of
active arm comparisons to placebo, active arm had significantly
higher proportion of responders at all but the 30% unadjusted
level. At the 30% unadjusted level it was reduced to 30% (24 of 81).
In 1 active treatment arm at 30% unadjusted, response to placebo
was significantly better than active treatment. In the remaining
comparisons there were no significant differences between any
active treatment arms and placebo (unadjusted 20% level, n = 42/
81, 30% level, n=756/81; and adjusted 20% level, n=44/81, 30%
level n=44/81). When examining studies, in 39% (11 of 28) no
active treatment arms were significantly better than placebo on
response at 20% adjusted and unadjusted and 30% adjusted. At the
30% unadjusted response level, 46% (13 of 28) of studies had no
active treatment arms that were significantly better than placebo.
Discussion: In all studies, the planned analysis using PANSS as a
continuous measure found active treatment to be significantly
superior to placebo on at least some of the active treatment arms.
Though not powered for responder analysis, number of responders
was analyzed as a secondary parameter. EMA guidelines were not
specific as to how change should be computed. In this large dataset
of placebo-controlled studies, analyses using unadjusted 30%
change showed substantially less significant differentiation be-
tween active vs. placebo (30%) as compared to adjusted 30% and
adjusted and unadjusted 20% change (all three 46%-48%). Studies
should be explicit as to whether they used the psychometrically
preferred adjusted change or unadjusted change as this can alter
results and will allow comparisons between studies.

Disclosure: J. Rabinowitz: Part 1: Research grant support and/or
travel support and/or speaker fees and/or consultancy fees from
Janssen, Eli Lilly, Pfizer, BiolineRx, F. Hoffmann-La Roche,
Newron Pharmaceuticals and Avraham Pharmaceuticals, Part 2:
Bar Ilan University, BiolineRx, Pfizer, Eli Lilly, F. Hoffmann-La
Roche, Janssen, Part 3: BiolineRx, Pfizer, Eli Lilly, Janssen, Part 4:
Eli Lilly. N. Werbeloff: None. F. Menard: Part 5: Lundbeck’s
employee. J. Jaeger: Part 1: Judith Jaeger is employed by
AstraZeneca and owns shares in AstraZeneca., Part 2: Judith
Jaeger is employed by AstraZeneca and owns shares in AstraZe-
neca., Part 3: Judith Jaeger is employed by AstraZeneca and owns
shares in AstraZeneca., Part 5: AstraZeneca Pharmaceutical
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Company. B. Kinon: Part 1: Employee and shareholder of Eli Lilly
and Company, Part 2: Employee and shareholder of Eli Lilly and
Company, Part 3: Employee and shareholder of Eli Lilly and
Company, Part 5: Employee of Eli Lilly and Company. V. Stauffer:
Part 5: Employee of Eli Lilly and Company. F. Mandel: Part s:
Pfizer employee. S. Kapur: Part 1: Speakerhonoraria: Lilly, Roche,
J&J, Pfizer, organon, AstraZeneca, Part 2: Speakerhonoraria: Lilly,
Roche, J&J, Pfizer, organon, AstraZeneca, Part 3: Speakerhonor-
aria: Lilly, Roche, J&]J, Pfizer, organon, AstraZeneca, Part 4: GSK.

56. Time Course of Dropout Rates in Schizophrenia Trials
Conducted from 1966 to 2010: A Systematic Review and Meta-
analysis

Ofer Agid*, Cynthia Siu, Robert B. Zipursky, Gary Remington

University of Toronto, Toronto, Canada

Background: High dropout rates have been reported in clinical
trials of antipsychotic drugs, as well as in psychopharmaco-
therapy (Kemmler ef al., 2005; Cramer and Rosenheck 1998).
Despite this widely observed trend, evidence-based evaluations
of its time course and potential moderators are still quite limited.
The objective of this study is to conduct a systematic review and
meta-analysis of dropout rates in double-blind, randomized
controlled trials in schizophrenia carried out between 1966
and 2010.

Methods: We searched the MEDLINE database for RCTs
(randomized controlled trials) published between 1966 and 2010,
supplemented by other electronic databases and hand searches.
We identified 1643 unique publications from which 49 eligible
studies on patients with schizophrenia or schizoaffective disorder
were included in the analysis. Meta-analysis was based on data
extracted from published reports of these 49 eligible RCTs, which
included patient characteristics, trial design and clinical variables.
In fixed dose studies, we selected the treatment arm that had
shown positive findings, defined as significantly different from
placebo. Risk ratio (RR), risk difference (RD), and NNTp (number
needed to treat to prevent 1 outcome) were used as effect measures
comparing placebo (PBO) and active antipsychotic drugs (DRUG)
as a group (N =12 atypicals, 17 conventional agents), for all-cause
dropout rates in short-term (2-12 weeks) trials. The proportions of
subjects who dropped out within the PBO and DRUG arms were
also analyzed. Effect measures were pooled across studies using the
Der-Simonian and Laird random-effects model. The quality of
RCTs analyzed was evaluated using a validated omnibus rating of
overall quality.

Results: Our findings indicate significant heterogeneities in
dropout rates within and between PBO and active antipsychotic
DRUG arms across trials (p<o.01, Q-statistics for test of
heterogeneity). The dropout rate in the PBO arm was significantly
higher than that in the DRUG arm (RR = 1.36, 95%CI 1.27 to 1.47),
with NNTp of 7.5 (RD=13.3%) (95% CI for NNTp 6.0 to 10.0).
Within the PBO arm, the overall dropout rate was 44.6% (95% CI
37.6% to 51.5%). The attrition rate in the PBO arm increased
significantly over time, from 16% before 1980 to 59% between 1990
to 1995 (p<o.001), followed by a significant decrease (48%
between 2006 and 2010) (p <0.001). The overall attrition rate for
the DRUG arm was 6% before 1980, increased to 36% between 1990
and 1995 (p <o0.001), and then leveled off to 37% between 2006 and
2010. Study year was a significant moderator for placebo-drug
difference in dropout rates, with the estimated risk difference
between the PBO and DRUG arms increased between 1970 and
1990 (p=o0.02), and then followed by a significant decrease
(p=o0.03). We also found study quality to be a significant
moderator of RD in dropout rates, with RCTs of higher overall
quality associated with increased RD favoring the active anti-
psychotic treatment arms.
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Discussion: High dropouts have posed a major challenge to the
design, analysis and interpretation of RCTS in psychiatric
disorders such as schizophrenia. Our findings suggest there has
been a decrease in drug-placebo difference in dropout rates since
1995, possibly due to decreased dropout rates in the placebo arm.
We found both study year and study quality as significant
moderators of dropout rate differences between placebo and
antipsychotic treatments in schizophrenia. Further studies to
verify these and other potential moderators of dropout rates are
warranted, to mitigate the considerable challenge these pose to
psychotherapeutic development.
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Remington: Part 1: Consultant fees - Roche Speaker Fees -
Novartis Research Support - Medicure, Neurocrine Biosciences;
Novartis.

57. Should Patients with Long Durations of Untreated Psychosis
be included In Studies of First Episode Schizophrenia?
Delbert Robinson*, Suzanne Sunday

Feinstein Institute for Medical Research, Manhasset, USA

Background: Current practice is to perform treatment studies of
schizophrenia separately with first episode and multi-episode
patients due to differences in treatment responsivity. However, the
point at which treatment response changes along the illness
continuum is unknown. First episode studies vary in their
inclusion criteria regarding patients who have had a very long
period of psychotic illness before starting treatment. Social
vocational outcomes are of increasing interest in first episode
studies (e.g. the NIMH RAISE initiative). This analysis examined
whether first episode patients with long duration of untreated
psychosis (DUP) compared with subjects with shorter DUP have
different social vocational outcomes in response to treatment.

Methods: We performed a secondary analysis of data from a study
of 112 subjects aged 16 to 40 years old with a first episode of
schizophrenia, schizophreniform or schizoaffective disorder who
were randomly assigned to treatment with olanzapine (2.5 to 20 mg
daily) or risperidone (1 to 6 mg daily). Subjects were required to
have less than 16 weeks of cumulative lifetime exposure to
antipsychotic treatment (most had much less; 78% were anti-
psychotic medication naive before study entry) but could have any
duration of DUP. Follow-up lasted a total of 3 years, regardless of
whether a subject stayed on randomized medication or required
alternative antipsychotic treatment due to lack of response or
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other reasons. Functioning was assessed with the Multidimen-
sional Scale of Independent Functioning (MSIF). Ratings for each
domain varied from 1 (normal functioning) to 7 (total disability).
Repeated measures analysis of covariance, using a mixed model
approach, was used to examine the longitudinal patterns of
functioning. The five models examined the global ratings for work,
education, a composite work and education role, residential and
global functioning. In a previous analysis, we included the
following factors in each of the models: the two medications,
time, two study sites, sex, age, alcohol use before randomization
and marijuana use before randomization. For this secondary
analysis, each subject was classified as having a DUP of 4 years or
less or more than 4 years. A DUP group by time interaction was
added to our previous models. We examined outcomes during all
study periods and also for the period when subjects were
prescribed their randomized antipsychotic.

Results: Two subjects dropped out before their DUP could be
firmly established. The 110 subjects with DUP data were young
(mean age 23), mostly male (70%), of diverse ethnic backgrounds
and usually from lower class to low middle class socioeconomic
backgrounds. Mean DUP was 113 (95% CI 83 to 143) weeks; the
median was 48 weeks. Twenty four subjects (22% of the sample)
had a DUP of longer than 4 years. The mean weeks before starting
another antipsychotic was 77.1 weeks (95% CI: 60.4, 93.8) for
subjects randomized to olanzapine and 87.4 weeks (95% CI: 70.4,
104.6) for subjects randomized to risperidone. The analyses
revealed that the DUP group by time interaction was not
significant in any of the models for either all study periods or
during the period when subjects were prescribed their randomized
antipsychotic. Further, adding the DUP group by time interaction
did not change the overall findings from our original analyses
about the effects of the other variables of interest obtained from
the models without the DUP by time factor. Subsequent analyses
included DUP group but not a DUP group by time interaction in
the models. During the period of assigned treatment, subjects with
longer DUP compared with other subjects had overall worse global
MSIF ratings (F=4.28, df=1,102, p<o0.04; least square means
estimated global scores for subjects with long DUP were 4.34 and
4.00 for other subjects). MSIF scores did not differ between DUP
groups for the other models during assigned treatment. For all
study periods, subjects with longer DUP compared with other
subjects had poorer global (F=s5.52, df=1,102, p<o0.02) educa-
tional (F=4.97, df =1, 96, p<o0.03) and residential (F=3.93,
df = 1,102, p<o0.05) functioning.

Discussion: Our results suggest that first episode subjects with
long DUP compared with other subjects have poorer social
vocational functioning in some domains. However, they improve
with treatment to a similar degree as other subjects. Subjects with
long DUP should therefore not be excluded from first episode
studies focusing upon social vocational outcomes.
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