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BRIEF COMMUNICATIONS

Corticotropin-Releasing Factor Receptor Antagonism within the Dorsal Raphe Nucleus Reduces
Social Anxiety-Like Behavior after Early-Life Social Isolation

Jodi Lukkes,1,2 Shawn Vuong,1 Jamie Scholl,1 Harvey Oliver,1 and Gina Forster1

1Neuroscience Group, Division of Basic Biomedical Sciences, Sanford School of Medicine, University of South Dakota, Vermillion, South Dakota 57069, and
2Department of Integrative Physiology, University of Colorado, Boulder, Colorado 80309

Social isolation of rats during the early part of development increases social anxiety-like behavior in adulthood. Furthermore, early-life social isolation increases
the levels of corticotropin-releasing factor (CRF) receptors in the serotonergic dorsal raphe nucleus (dRN) of adult rats. Interactions between serotonin and CRF
systems are thought to mediate anxiety behavior. Therefore, we investigated the effects of CRF receptor antagonism within the dRN on social anxiety-like behavior
after early-life social isolation. Male rats were reared in isolation or in groups from weaning until midadolescence, and rehoused in groups and allowed to develop
into adulthood. Adult rats underwent surgery to implant a drug cannula into the dRN. After recovery from surgery and acclimation to the testing arena, rats were
infused with vehicle or the CRF receptor antagonist D-Phe-CRF(12-41) (50 or 500 ng) into the dRN before a social interaction test. Isolation-reared rats pretreated
with vehicle exhibited increased social anxiety-like behavior compared with rats reared in groups. Pretreatment of the dRN with D-Phe-CRF(12-41) significantly
reduced social anxiety-like behaviors exhibited by isolation-reared rats. Overall, this study shows that early-life social stress results in heightened social anxiety-
like behavior, which is reversed by CRF antagonism within the dRN. These data suggest that CRF receptor antagonists could provide a potential treatment of
stress-related social anxiety.
The Journal of Neuroscience, August 12, 2009 • 29(32):9955–9960

Serotonin Transporter Availability in the Amygdala and Bed Nucleus of the Stria Terminalis
Predicts Anxious Temperament and Brain Glucose Metabolic Activity

Jonathan A. Oler,1,4 Andrew S. Fox,2,5 Steven E. Shelton,1,4 Bradley T. Christian,1,3,5 Dhanabalan Murali,3,5

Terrence R. Oakes,5 Richard J. Davidson,1,2,4,5 and Ned H. Kalin1,2,4,5

Departments of 1Psychiatry, 2Psychology, and 3Medical Physics, 4HealthEmotions Research Institute, and 5Waisman Laboratory for Brain Imaging and

Behavior, University of Wisconsin–Madison, Madison, Wisconsin 53719

The serotonin transporter (5-HTT) plays a critical role in regulating serotonergic neurotransmission and is implicated in the pathophysiology of anxiety and affective disorders.
Positron emission tomography scans using [ 11C]DASB [ 11C]-3-amino-4-(2-dimethylaminomethylphenylsulfanyl)-benzonitrile] to measure 5-HTT availability (an index of receptor
density and binding) were performed in 34 rhesus monkeys in which the relationship between regional brain glucose metabolism and anxious temperament was previously
established. 5-HTT availability in the amygdalohippocampal area and bed nucleus of the stria terminalis correlated positively with individual differences in a behavioral
and neuroendocrine composite of anxious temperament. 5-HTT availability also correlated positively with stress-induced metabolic activity within these regions. Collec-
tively, these findings suggest that serotonergic modulation of neuronal excitability in the neural circuitry associated with anxiety mediates the developmental risk for
affect-related psychopathology.
The Journal of Neuroscience, August 12, 2009 • 29(32):9961–9966

Neuronal Circuit Remodeling in the Contralateral Cortical Hemisphere during Functional
Recovery from Cerebral Infarction

Yusuke Takatsuru,1,3 Dai Fukumoto,5 Miki Yoshitomo,1 Tomomi Nemoto,2,3,4 Hideo Tsukada,5 and
Junichi Nabekura1,3,4

1Division of Homeostatic Development and 2Supportive Center for Brain Research, National Institute for Physiological Sciences, Okazaki, Aichi 444-8585,

Japan, 3Core Research for Evolutional Science and Technology, Japan Science and Technology Agency, Kawaguchi 332-0012, Japan, 4The Graduate

University for Advanced Studies (SOKENDAI), Hayama, Kanagawa 240-0193, Japan, and 5Central Research Laboratory, Hamamatsu Photonics,

Hamamatsu, Shizuoka 434-8601, Japan

Recent advances in functional imaging of human brain activity in stroke patients, e.g., functional magnetic resonance imaging, have revealed that cortical hemisphere
contralateral to the infarction plays an important role in the recovery process. However, underlying mechanisms occurring in contralateral hemisphere during functional
recovery have not been elucidated. We experimentally induced a complete infarction of somatosensory cortex in right hemisphere of mice and examined the neuronal
changes in contralateral (left) somatosensory cortex during recovery. Both basal and ipsilateral somatosensory stimuli-evoked neuronal activity in left (intact) hemisphere
transiently increased 2 d after stroke, followed by an increase in the turnover rate of usually stable mushroom-type synaptic spines at 1 week, observed by using two-photon
imaging in vivo. At 4 weeks after stroke, when functional recovery had occurred, a new pattern of electrical circuit activity in response to somatosensory stimuli was
established in intact ipsilateral hemisphere. Thus, the left somatosensory cortex can compensate for the loss of the right somatosensory cortex by remodeling
neuronal circuits and establishing new sensory processing. This finding could contribute to establish the effective clinical treatments targeted on the intact
hemisphere for the recovery of impaired functions and to achieve better quality of life of patients.
The Journal of Neuroscience, August 12, 2009 • 29(32):10081–10086
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The Potassium Chloride Cotransporter KCC-2 Coordinates Development of Inhibitory
Neurotransmission and Synapse Structure in Caenorhabditis elegans

Jessica E. Tanis,1,2 Andrew Bellemer,1 James J. Moresco,1 Biff Forbush,2 and Michael R. Koelle1

Departments of 1Molecular Biophysics and Biochemistry and 2Cellular and Molecular Physiology, Yale University School of Medicine, New Haven,

Connecticut 06520

Chloride influx through GABA-gated chloride channels, the primary mechanism by which neural activity is inhibited in the adult mammalian brain, depends on chloride
gradients established by the potassium chloride cotransporter KCC2. We used a genetic screen to identify genes important for inhibition of the hermaphrodite-specific
motor neurons (HSNs) that stimulate Caenorhabditis elegans egg-laying behavior and discovered mutations in a potassium chloride cotransporter, kcc-2. Functional
analysis indicates that, like mammalian KCCs, C. elegans KCC-2 transports chloride, is activated by hypotonic conditions, and is inhibited by the loop diuretic furosemide.
KCC-2 appears to establish chloride gradients required for the inhibitory effects of GABA-gated and serotonin-gated chloride channels on C. elegans behavior. In the
absence of KCC-2, chloride gradients appear to be altered in neurons and muscles such that normally inhibitory signals become excitatory. kcc-2 is transcriptionally
upregulated in the HSN neurons during synapse development. Loss of KCC-2 produces a decrease in the synaptic vesicle population within mature HSN synapses, which
apparently compensates for a lack of HSN inhibition, resulting in normal egg-laying behavior. Thus, KCC-2 coordinates the development of inhibitory neurotransmission
with synapse maturation to produce mature neural circuits with appropriate activity levels.
The Journal of Neuroscience, August 12, 2009 • 29(32):9943–9954

Membrane-Delimited Coupling of TRPV1 and mGluR5 on Presynaptic Terminals of Nociceptive
Neurons

Yong Ho Kim,1* Chul-Kyu Park,1* Seung Keun Back,2 C. Justin Lee,3 Se Jin Hwang,4 Yong Chul Bae,5 Heung Sik Na,2

Joong Soo Kim,1 Sung Jun Jung,6 and Seog Bae Oh1

1National Research Laboratory for Pain, Dental Research Institute and Department of Physiology School of Dentistry, Seoul National University, Seoul 110-

749, Republic of Korea, 2Medical Science Research Center and Department of Physiology, Korea University College of Medicine, Seoul 136-705, Republic of

Korea, 3Center for Neural Science Division of Life Science, Korea Institute of Science and Technology, Seoul 136-791, Republic of Korea, 4Department of

Anatomy and Cell Biology, College of Medicine, Hanyang University, Seoul 133-791, Republic of Korea, 5Department of Anatomy, School of Dentistry,

Kyungpook National University, Daegu 700-412, Republic of Korea, and 6Department of Physiology, College of Medicine, Kangwon National University,

Chunchon 220-710, Republic of Korea

Transient receptor potential vanilloid subtype 1 (TRPV1) and metabotropic glutamate receptor 5 (mGluR5) located on peripheral sensory terminals have been shown to
play critical roles in the transduction and modulation of pain sensation. To date, however, very little is known regarding the significance of functional expression of mGluR5
and TRPV1 on the central terminals of sensory neurons in the dorsal horn of the spinal cord. Here we show that TRPV1 on central presynaptic terminals is coupled to
mGluR5 in a membrane-delimited manner, thereby contributing to the modulation of nociceptive synaptic transmission in the substantia gelatinosa neurons of the spinal
cord. Further, our results demonstrate that TRPV1 is involved in the pain behaviors induced by spinal mGluR5 activation, and diacylglycerol produced by the activation of
mGluR5 mediates functional coupling of mGluR5 and TRPV1 on the presynaptic terminals. Thus, mGluR5–TRPV1 coupling on the central presynaptic terminals of
nociceptive neurons may be an important mechanism underlying central sensitization under pathological pain conditions.
The Journal of Neuroscience, August 12, 2009 • 29(32):10000 –10009

Enigmatic Central Canal Contacting Cells: Immature Neurons in “Standby Mode”?

Nicolás Marichal,1 Gabriela García,1 Milka Radmilovich,2 Omar Trujillo-Cenóz,1 and Raúl E. Russo1

1Neurofisiología Celular y Molecular, Instituto de Investigaciones Biológicas Clemente Estable, CP11600, Montevideo, Uruguay, and 2Departamento de

Histología y Embriología, Facultad de Medicina, CP 11800, Montevideo, Uruguay

The region that surrounds the central canal of the spinal cord derives from the neural tube and retains a substantial degree of plasticity. In turtles, this region is a neurogenic
niche where newborn neurons coexist with precursors, a fact that may be related with the endogenous repair capabilities of low vertebrates. Immunohistochemical evidence
suggests that the ependyma of the mammalian spinal cord may contain cells with similar properties, but their actual nature remains unsolved. Here, we combined
immunohistochemistry for cell-specific markers with patch-clamp recordings to test the hypothesis that the ependyma of neonatal rats contains immature neurons similar
to those in low vertebrates. We found that a subclass of cells expressed HuC/D neuronal proteins, doublecortin, and PSA-NCAM (polysialylated neural cell adhesion
molecule) but did not express NeuN (anti-neuronal nuclei). These immature neurons displayed electrophysiological properties ranging from slow Ca 2�-mediated re-
sponses to fast repetitive Na � spikes, suggesting different stages of maturation. These cells originated in the embryo, because we found colocalization of neuronal markers
with 5-bromo-2�-deoxyuridine when injected during embryonic day 7–17 but not in postnatal day 0 –5. Our findings represent the first evidence that the ependyma of the
rat spinal cord contains cells with molecular and functional features similar to immature neurons in adult neurogenic niches. The fact that these cells retain the expression
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of molecules that participate in migration and neuronal differentiation raises the possibility that the ependyma of the rat spinal cord is a reservoir of immature neurons in
“standby mode,” which under some circumstances (e.g., injury) may complete their maturation to integrate spinal circuits.
The Journal of Neuroscience, August 12, 2009 • 29(32):10010 –10024

Spikes and Membrane Potential Oscillations in Hair Cells Generate Periodic Afferent Activity in
the Frog Sacculus

Mark A. Rutherford and William M. Roberts
Institute of Neuroscience, Department of Biology, University of Oregon, Eugene, Oregon 97403

To look for membrane potential oscillations that may contribute to sensory coding or amplification in the ear, we made whole-cell and perforated-patch recordings from
hair cells and postsynaptic afferent neurites in the explanted frog sacculus, with mechanoelectrical transduction (MET) blocked. Small depolarizing holding currents, which
may serve to replace the in vivo resting MET current, evoked all-or-none calcium spikes (39 –75 mV amplitude) in 37% of hair cells tested, and continuous membrane
potential oscillations (14 –28 mV; 15–130 Hz) in an additional 14% of cells. Spiking hair cells were on average taller and thinner than nonspiking hair cells, and had smaller
outward currents through delayed rectifier channels (IKV ) and noninactivating calcium-activated potassium channels (IBK,steady), and larger inward rectifier currents (IK1 ).
Some spiking hair cells fired only a brief train at the onset of a current step, but others could sustain repetitive firing (3–70 Hz). Partial blockade of IBK changed the amplitude
and frequency of oscillations and spikes, and converted some nonspiking cells into spiking cells. Oscillatory hair cells preferentially amplified sinusoidal stimuli at
frequencies near their natural oscillation frequency. Postsynaptic recordings revealed regularly timed bursts of EPSPs in some afferent neurites. EPSP bursts were able to
trigger afferent spikes, which may be initiated at the sodium channel cluster located adjacent to the afferent axon’s most peripheral myelin segment. These results show that
some frog saccular hair cells can generate spontaneous rhythmic activity that may drive periodic background activity in afferent axons.
The Journal of Neuroscience, August 12, 2009 • 29(32):10025–10037

TRPC Channels Mediate a Muscarinic Receptor-Induced Afterdepolarization in Cerebral Cortex

Hai-Dun Yan, Claudio Villalobos, and Rodrigo Andrade
Department of Pharmacology, Wayne State University School of Medicine, Detroit, Michigan 48230

Activation of muscarinic cholinergic receptors on pyramidal cells of the cerebral cortex induces the appearance of a slow afterdepolarization that can sustain autonomous
spiking after a brief excitatory stimulus. Accordingly, this phenomenon has been hypothesized to allow for the transient storage of memory traces in neuronal networks.
Here we investigated the molecular basis underlying the muscarinic receptor-induced afterdepolarization using molecular biological and electrophysiological strategies.
We find that the ability of muscarinic receptors to induce the inward aftercurrent underlying the slow afterdepolarization is inhibited by expression of a G�q-11 dominant
negative and is also markedly reduced in a phospholipase C �1 (PLC�1) knock-out mouse. Furthermore, we show, using a genetically encoded biosensor, that activation of
muscarinic receptor induces the breakdown of phosphatidylinositol 4,5-bisphosphate in pyramidal cells. These results indicate that the G�q-11 /PLC�1 cascade plays a key
role in the ability of muscarinic receptors to signal the inward aftercurrent. We have shown previously that the muscarinic afterdepolarization is mediated by a calcium-
activated nonselective cation current, suggesting the possible involvement of TRPC channels. We find that expression of a TRPC dominant negative inhibits, and overex-
pression of wild-type TRPC5 or TRPC6 enhances, the amplitude of the muscarinic receptor-induced inward aftercurrent. Furthermore, we find that coexpression of TRPC5
and T-type calcium channels is sufficient to reconstitute a muscarinic receptor-activated inward aftercurrent in human embryonic kidney HEK-293 cells. These results
indicate that TRPC channels mediate the muscarinic receptor-induced slow afterdepolarization seen in pyramidal cells of the cerebral cortex and suggest a possible role for
TRPC channels in mnemonic processes.
The Journal of Neuroscience, August 12, 2009 • 29(32):10038 –10046

Best1 Is a Gene Regulated by Nerve Injury and Required for Ca2�-Activated Cl� Current
Expression in Axotomized Sensory Neurons

Mathieu Boudes,1,2 Chamroeun Sar,1 Aurélie Menigoz,1,2 Cécile Hilaire,1 Marie O. Péquignot,1 Alexei Kozlenkov,1

Alan Marmorstein,3 Patrick Carroll,1 Jean Valmier,1,2 and Frédérique Scamps1

1INSERM, U-583, F-34000 Montpellier, France, 2University Montpellier II, F-34000 Montpellier, France, and 3Department of Ophthalmology and Vision

Science, University of Arizona, Tucson, Arizona 85724

We investigated the molecular determinants of Ca 2�-activated chloride current (CaCC) expressed in adult sensory neurons after a nerve injury. Dorsal root ganglia express
the transcripts of three gene families known to induce CaCCs in heterologous systems: bestrophin, tweety, and TMEM16. We found with quantitative transcriptional
analysis and in situ hybridization that nerve injury induced upregulation of solely bestrophin-1 transcripts in sensory neurons. Gene screening with RNA interference in
single neurons demonstrated that mouse Best1 is required for the expression of CaCC in injured sensory neurons. Transfecting injured sensory neurons with bestrophin-1
mutants inhibited endogenous CaCC. Exogenous expression of the fusion protein green fluorescent protein–Bestrophin-1 in naive neurons demonstrated a plasma
membrane localization of the protein that generates a CaCC with biophysical and pharmacological properties similar to endogenous CaCC. Our data suggest that Best1
belongs to a group of genes upregulated by nerve injury and supports functional CaCC expression in injured sensory neurons.
The Journal of Neuroscience, August 12, 2009 • 29(32):10063–10071
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TrkB Modulates Fear Learning and Amygdalar Synaptic Plasticity by Specific Docking Sites

Gabriele Musumeci,1* Carla Sciarretta,1* Antonio Rodríguez-Moreno,2* Mumna Al Banchaabouchi,1

Vicente Negrete-Díaz,2 Marco Costanzi,3 Valeria Berno,1 Alexei V. Egorov,4 Oliver von Bohlen und Halbach,4

Vincenzo Cestari,3,5 José M. Delgado-García,2 and Liliana Minichiello1,6

1Mouse Biology Unit, European Molecular Biology Laboratory, 00015 Monterotondo, Italy, 2División de Neurociencias, Universidad Pablo de Olavide,

41013 Sevilla, Spain, 3Istituto di Neuroscienze, Consiglio Nazionale delle Ricerche, 00143 Rome, Italy, 4Interdisciplinary Center for Neurosciences,

Department of Neuroanatomy, University of Heidelberg, D-69120 Heidelberg, Germany, 5Facoltà di Scienze della Formazione, Università Lumsa, 00193

Rome, Italy, and 6Centre for Neuroregeneration, University of Edinburgh, EH16 4SB Edinburgh, United Kingdom

Understanding the modulation of the neural circuitry of fear is clearly one of the most important aims in neurobiology. Protein phosphorylation in response to external
stimuli is considered a major mechanism underlying dynamic changes in neural circuitry. TrkB (Ntrk2) neurotrophin receptor tyrosine kinase potently modulates synaptic
plasticity and activates signal transduction pathways mainly through two phosphorylation sites [Y515/Shc site; Y816/PLC� (phospholipase C�) site]. To identify the
molecular pathways required for fear learning and amygdalar synaptic plasticity downstream of TrkB, we used highly defined genetic mouse models carrying single point
mutations at one of these two sites (Y515F or Y816F) to examine the physiological relevance of pathways activated through these sites for pavlovian fear conditioning (FC),
as well as for synaptic plasticity as measured by field recordings obtained from neurons of different amygdala nuclei. We show that a Y816F point mutation impairs
acquisition of FC, amygdalar synaptic plasticity, and CaMKII signaling at synapses. In contrast, a Y515F point mutation affects consolidation but not acquisition of FC to
tone, and also alters AKT signaling. Thus, TrkB receptors modulate specific phases of fear learning and amygdalar synaptic plasticity through two main phosphorylation
docking sites.
The Journal of Neuroscience, August 12, 2009 • 29(32):10131–10143
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Overcoming Macrophage-Mediated Axonal Dieback Following CNS Injury

Sarah A. Busch,1* Kevin P. Horn,1* Daniel J. Silver,2 and Jerry Silver1

1Department of Neurosciences, Case Western Reserve University, Cleveland, Ohio 44106, and 2Department of Neuroscience, College of Medicine, University

of Florida, Gainesville, Florida 32611

Trauma to the adult CNS initiates multiple processes including primary and secondary axotomy, inflammation, and glial scar formation that have devastating effects on
neuronal regeneration. After spinal cord injury, the infiltration of phagocytic macrophages coincides with long-distance axonal retraction from the initial site of injury, a
deleterious phenomenon known as axonal dieback. We have previously shown that activated macrophages directly induce long-distance retraction of dystrophic axons in
an in vitro model of the glial scar. We hypothesized that treatments that are primarily thought to increase neuronal regeneration following spinal cord injury may in fact
derive a portion of their beneficial effects from inhibition of macrophage-mediated axonal retraction. We analyzed the effects of protease inhibition, substrate modification,
and neuronal preconditioning on macrophage-axon interactions using our established in vitro model. General inhibition of matrix metalloproteinases and specific
inhibition of MMP-9 prevented macrophage-induced axonal retraction despite significant physical interactions between the two cell types, whereas inhibition of MMP-2
had no effect. Chondroitinase ABC-mediated digestion of the aggrecan substrate also prevented macrophage-induced axonal retraction in the presence of extensive
macrophage-axon interactions. The use of a conditioning lesion to stimulate intrinsic neuronal growth potential in the absence of substrate modification likewise prevented
macrophage-induced axonal retraction in vitro and in vivo following spinal cord injury. These data provide valuable insight into the cellular and molecular mechanisms
underlying macrophage-mediated axonal retraction and demonstrate modifications that can alleviate the detrimental effects of this unfavorable phenomenon on the
postlesion CNS.
The Journal of Neuroscience, August 12, 2009 • 29(32):9967–9976

Endothelin-1 Regulates Oligodendrocyte Development

Ana Gadea, Adan Aguirre, Tarik F. Haydar, and Vittorio Gallo
Center for Neuroscience Research, Children’s Research Institute, Children’s National Medical Center, Washington, DC 20010

In the postnatal brain, oligodendrocyte progenitor cells (OPCs) arise from the subventricular zone (SVZ) and migrate into the developing white matter, where they
differentiate into oligodendrocytes and myelinate axons. The mechanisms regulating OPC migration and differentiation are not fully defined. The present study demon-
strates that endothelin-1 (ET-1) is an astrocyte-derived signal that regulates OPC migration and differentiation. OPCs in vivo and in culture express functional ETA and ETB

receptors, which mediate ET-1-induced ERK (extracellular signal-regulated kinase) and CREB (cAMP response element-binding protein) phosphorylation. ET-1 exerts
both chemotactic and chemokinetic effects on OPCs to enhance cell migration; it also prevents lineage progression from the O4 � to the O1 � stage without affecting cell
proliferation. Astrocyte-conditioned medium stimulates OPC migration in culture through ET receptor activation, whereas multiphoton time-lapse imaging shows
that selective ET receptor antagonists or anti-ET-1 antibodies inhibit OPC migration from the SVZ. Inhibition of ET receptor activity also derepresses OPC
differentiation in the corpus callosum in slice cultures. Our findings indicate that ET-1 is a soluble astrocyte-derived signal that regulates OPC migration and
differentiation during development.
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Visual Processing in the Central Bee Brain

Angelique C. Paulk,1 Andrew M. Dacks,2 James Phillips-Portillo,2 Jean-Marc Fellous,3 and Wulfila Gronenberg2
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Visual scenes comprise enormous amounts of information from which nervous systems extract behaviorally relevant cues. In most model systems, little is known about the
transformation of visual information as it occurs along visual pathways. We examined how visual information is transformed physiologically as it is communicated from
the eye to higher-order brain centers using bumblebees, which are known for their visual capabilities. We recorded intracellularly in vivo from 30 neurons in the central
bumblebee brain (the lateral protocerebrum) and compared these neurons to 132 neurons from more distal areas along the visual pathway, namely the medulla and the
lobula. In these three brain regions (medulla, lobula, and central brain), we examined correlations between the neurons’ branching patterns and their responses primarily
to color, but also to motion stimuli. Visual neurons projecting to the anterior central brain were generally color sensitive, while neurons projecting to the posterior central
brain were predominantly motion sensitive. The temporal response properties differed significantly between these areas, with an increase in spike time precision across
trials and a decrease in average reliable spiking as visual information processing progressed from the periphery to the central brain. These data suggest that neurons along
the visual pathway to the central brain not only are segregated with regard to the physical features of the stimuli (e.g., color and motion), but also differ in the way they
encode stimuli, possibly to allow for efficient parallel processing to occur.
The Journal of Neuroscience, August 12, 2009 • 29(32):9987–9999

Shift from Hippocampal to Neocortical Centered Retrieval Network with Consolidation

Atsuko Takashima,1 Ingrid L.C. Nieuwenhuis,1 Ole Jensen,1 Lucia M. Talamini,3 Mark Rijpkema,1 and
Guillén Fernández1,2

1Donders Institute for Brain, Cognition, and Behaviour, Radboud University Nijmegen and 2Department of Neurology, Radboud University Nijmegen

Medical Centre, 6500 HB, Nijmegen, The Netherlands, and 3Department of Psychonomics, University of Amsterdam, 1018 WB Amsterdam, The

Netherlands

The standard model of system-level consolidation posits that the hippocampus is part of a retrieval network for recent memories. According to this theory, the memories
are gradually transferred to neocortical circuits with consolidation, where the connections within this circuit grow stronger and reorganized so that redundant and/or
contextual details may be lost. Thus, remote memories are based on neocortical networks and can be retrieved independently of the hippocampus. To test this model, we
measured regional brain activity and connectivity during retrieval with functional magnetic resonance imaging. Subjects were trained on two sets of face–location
association and were tested with two different delays, 15 min and 24 h including a whole night of sleep. We hypothesized that memory traces of the locations associated with
specific faces will be linked through the hippocampus for the retrieval of recently learned association, but with consolidation, the activity and the functional connectivity
between the neocortical areas will increase. We show that posterior hippocampal activity related to high-confidence retrieval decreased and neocortical activity increased with
consolidation. Moreover, the connectivity between the hippocampus and the neocortical regions decreased and in turn, cortico-cortical connectivity between the repre-
sentational areas increased. The results provide mechanistic support for a two-level process of the declarative memory system, involving initial representation of new
associations in a network including the hippocampus and subsequent consolidation into a predominantly neocortical network.
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Layer II/III of the Prefrontal Cortex: Inhibition by the Serotonin 5-HT1A Receptor in
Development and Stress

Nathalie M. Goodfellow,1 Madhurima Benekareddy,3 Vidita A. Vaidya,3 and Evelyn K. Lambe1,2
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The modulation of the prefrontal cortex by the neurotransmitter serotonin (5-HT) is thought to play a key role in determining adult anxiety levels. Layer II/III of the
prefrontal cortex, which mediates communication across cortical regions, displays a high level of 5-HT1A receptor binding in normal individuals and a significantly lower
level in patients with mood and anxiety disorders. Here, we examine how serotonin modulates pyramidal neurons in layer II/III of the rat prefrontal cortex throughout
postnatal development and in adulthood. Using whole cell recordings in brain slices of the rat medial prefrontal cortex, we observed that serotonin directly inhibits layer
II/III pyramidal neurons through 5-HT1A receptors across postnatal development (postnatal days 6 –96). In adulthood, a sex difference in these currents emerges,
consistent with human imaging studies of 5-HT1A receptor binding. We examined the effects of early life stress on the 5-HT1A receptor currents in layer II/III. Surprisingly,
animals subjected to early life stress displayed significantly larger 5-HT1A-mediated outward currents throughout the third and fourth postnatal weeks after elevated
5-HT1A expression during the second postnatal week. Subsequent exposure to social isolation in adulthood resulted in the almost-complete elimination of 5-HT1A currents
in layer II/III neurons suggesting an interaction between early life events and adult experiences. These data represent the first examination of functional 5-HT1A receptors
in layer II/III of the prefrontal cortex during normal development as well as after stress.
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Glycinergic Projection Neurons of the Cerebellum
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The cerebellum funnels its entire output through a small number of presumed glutamatergic premotor projection neurons in the deep cerebellar nuclei and GABAergic
neurons that feed back to the inferior olive. Here we use transgenic mice selectively expressing green fluorescent protein in glycinergic neurons to demonstrate that many
premotor output neurons in the medial cerebellar (fastigial) nuclei are in fact glycinergic, not glutamatergic as previously thought. These neurons exhibit similar firing
properties as neighboring glutamatergic neurons and receive direct input from both Purkinje cells and excitatory fibers. Glycinergic fastigial neurons make functional
projections to vestibular and reticular neurons in the ipsilateral brainstem, whereas their glutamatergic counterparts project contralaterally. Together, these data suggest
that the cerebellum can influence motor outputs via two distinct and complementary pathways.
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Stressed Memories: How Acute Stress Affects Memory Formation in Humans
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Stressful, aversive events are extremely well remembered. Such a declarative memory enhancement is evidently beneficial for survival, but the same mechanism may
become maladaptive and culminate in mental diseases such as posttraumatic stress disorder (PTSD). Stress hormones are known to enhance postlearning consolidation of
aversive memories but are also thought to have immediate effects on attentional, sensory, and mnemonic processes at memory formation. Despite their significance for our
understanding of the etiology of stress-related mental disorders, effects of acute stress at memory formation, and their brain correlates at the system scale, remain elusive.
Using an integrated experimental approach, we probed the neural correlates of memory formation while participants underwent a controlled stress induction procedure in
a crossover design. Physiological (cortisol level, heart rate, and pupil dilation) and subjective measures confirmed acute stress. Remarkably, reduced hippocampal
activation during encoding predicted stress-enhanced memory performance, both within and between participants. Stress, moreover, amplified early visual and inferior
temporal responses, suggesting that hypervigilant processing goes along with enhanced inferior temporal information reduction to relay a higher proportion of task-
relevant information to the hippocampus. Thus, acute stress affects neural correlates of memory formation in an unexpected manner, the understanding of which may
elucidate mechanisms underlying psychological trauma etiology.
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Attention Improves Object Representation in Visual Cortical Field Potentials

David Rotermund,1,3 Katja Taylor,2,3 Udo A. Ernst,1,3 Andreas K. Kreiter,2,3 and Klaus R. Pawelzik1,3
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Selective attention improves perception and modulates neuronal responses, but how attention-dependent changes of cortical activity improve the processing of attended
objects is an open question. Changes in total signal strength or enhancements in signal-to-noise ratio have been proposed as putative mechanisms. However, it is still not
clear whether, and to what extent, these processes contribute to the large perceptual improvements. We studied the ability to discriminate states of activity in visual cortex
evoked by differently shaped objects depending on selective attention in monkeys. We found that gamma-band activity from V4 and V1 contains a high amount of
information about stimulus shape, which increases for V4 recordings considerably with attention in successful trials, but not in case of behavioral errors. This effect resulted
from enhanced differences between the stimulus-specific distributions of power spectral amplitudes. It could be explained neither by enhancements of signal-to-noise
ratios, nor by changes in total signal power. Instead our results indicate that attention causes underlying cortical network states to become more distinct for different
stimuli, providing a new neurophysiological explanation for improvements of behavioral performance by attention. The absence of the enhancement in discriminability in
trials with behavioral errors demonstrates the relevance of this novel neural mechanism for perception.
The Journal of Neuroscience, August 12, 2009 • 29(32):10120 –10130

Evidence of Mirror Neurons in Human Inferior Frontal Gyrus
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There is much current debate about the existence of mirror neurons in humans. To identify mirror neurons in the inferior frontal gyrus (IFG) of humans, we used a
repetition suppression paradigm while measuring neural activity with functional magnetic resonance imaging. Subjects either executed or observed a series of actions. Here
we show that in the IFG, responses were suppressed both when an executed action was followed by the same rather than a different observed action and when an observed
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action was followed by the same rather than a different executed action. This pattern of responses is consistent with that predicted by mirror neurons and is evidence of
mirror neurons in the human IFG.
The Journal of Neuroscience, August 12, 2009 • 29(32):10153–10159

The Geometry of Perisaccadic Visual Perception

Alby Richard, Jan Churan, Daniel E. Guitton, and Christopher C. Pack
Neurology and Neurosurgery, Montreal Neurological Institute, McGill University School of Medicine, Montreal, Quebec H3A 2B4, Canada

Our ability to explore our surroundings requires a combination of high-resolution vision and frequent rotations of the visual axis toward objects of interest. Such gaze shifts
are themselves a source of powerful retinal stimulation, and so the visual system appears to have evolved mechanisms to maintain perceptual stability during movements
of the eyes in space. The mechanisms underlying this perceptual stability can be probed in the laboratory by briefly presenting a stimulus around the time of a saccadic eye
movement and asking subjects to report its position. Under such conditions, there is a systematic misperception of the probes toward the saccade end point. This
perisaccadic compression of visual space has been the subject of much research, but few studies have attempted to relate it to specific brain mechanisms. Here, we show that
the magnitude of perceptual compression for a wide variety of probe stimuli and saccade amplitudes is quantitatively predicted by a simple heuristic model based on the
geometry of retinotopic representations in the primate brain. Specifically, we propose that perisaccadic compression is determined by the distance between the probe and
saccade end point on a map that has a logarithmic representation of visual space, similar to those found in numerous cortical and subcortical visual structures. Under this
assumption, the psychophysical data on perisaccadic compression can be appreciated intuitively by imagining that, around the time of a saccade, the brain confounds
nearby oculomotor and sensory signals while attempting to localize the position of objects in visual space.
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Functional Connectivity Delineates Distinct Roles of the Inferior Frontal Cortex and
Presupplementary Motor Area in Stop Signal Inhibition
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The neural basis of motor response inhibition has drawn considerable attention in recent imaging literature. Many studies have used the go/no-go or stop signal task to
examine the neural processes underlying motor response inhibition. In particular, showing greater activity during no-go (stop) compared with go trials and during stop
success compared with stop error trials, the right inferior prefrontal cortex (IFC) has been suggested by numerous studies as the cortical area mediating response inhibition.
Many of these same studies as well as others have also implicated the presupplementary motor area (preSMA) in this process, in accord with a function of the medial
prefrontal cortex in goal-directed action. Here we used connectivity analyses to delineate the roles of IFC and preSMA during stop signal inhibition. Specifically, we
hypothesized that, as an integral part of the ventral attention system, the IFC responds to a stop signal and expedites the stop process in the preSMA, the primary site of
motor response inhibition. This hypothesis predicted that preSMA and primary motor cortex would show functional interconnectivity via the basal ganglia circuitry to
mediate response execution or inhibition, whereas the IFC would influence the basal ganglia circuitry via connectivity with preSMA. The results of Granger causality
analyses in 57 participants confirmed this hypothesis. Furthermore, psychophysiological interaction showed that, compared with stop errors, stop successes evoked greater
effective connectivity between the IFC and preSMA, providing additional support for this hypothesis. These new findings provided evidence critically differentiating the
roles of IFC and preSMA during stop signal inhibition and have important implications for our understanding of the component processes of inhibitory control.
The Journal of Neuroscience, August 12, 2009 • 29(32):10171–10179

NEUROBIOLOGY OF DISEASE

BC1 Regulation of Metabotropic Glutamate Receptor-Mediated Neuronal Excitability

Jun Zhong,1* Shih-Chieh Chuang,1,2* Riccardo Bianchi,1,2 Wangfa Zhao,1,2 Heekyung Lee,1,2 André A. Fenton,1,2
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Regulatory RNAs have been suggested to contribute to the control of gene expression in eukaryotes. Brain cytoplasmic (BC) RNAs are regulatory RNAs that control
translation initiation. We now report that neuronal BC1 RNA plays an instrumental role in the protein-synthesis-dependent implementation of neuronal excitation–
repression equilibria. BC1 repression counter-regulates translational stimulation resulting from synaptic activation of group I metabotropic glutamate receptors
(mGluRs). Absence of BC1 RNA precipitates plasticity dysregulation in the form of neuronal hyperexcitability, elicited by group I mGluR-stimulated translation and
signaled through the mitogen-activated protein kinase kinase/extracellular signal-regulated kinase pathway. Dysregulation of group I mGluR function in the absence of
BC1 RNA gives rise to abnormal brain function. Cortical EEG recordings from freely moving BC1�/� animals show that group I mGluR-mediated oscillations in the gamma
frequency range are significantly elevated. When subjected to sensory stimulation, these animals display an acute group I mGluR-dependent propensity for convulsive
seizures. Inadequate RNA control in neurons is thus causally linked to heightened group I mGluR-stimulated translation, neuronal hyperexcitability, heightened gamma
band oscillations, and epileptogenesis. These data highlight the significance of small RNA control in neuronal plasticity.
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Gerstmann–Sträussler–Scheinker syndrome (GSS) is a genetic prion disease typified clinically by the development of progressive ataxia and dementia, and histopatholog-
ically by the presence of prion protein (PrP) amyloid plaques in the CNS, especially within the cerebellum. Several mutations of the PrP gene (PRNP) are associated with GSS,
but only the P102L mutation has been convincingly modeled in transgenic (Tg) mice. To determine whether other mutations carry specific GSS phenotypic information, we
constructed Tg mice that express PrP carrying the mouse homolog of the GSS-associated A117V mutation. Tg(A116V) mice express approximately six times the endogenous levels
of PrP, develop progressive ataxia by �140 d, and die by �170 d. Compared with a mouse model of transmissible Creutzfeldt–Jakob disease (CJD), the ataxia of Tg(A116V) mice is
more prominent, and the course of disease is more protracted, paralleling that observed in human disease. Neuropathology includes mild scattered vacuolation and prominent,
mainly cerebellar localized, thioflavin S-positive PrP plaques comprised of full-length PrP A116V. In some mice, more prominent vacuolation or a noncerebellar distribution of PrP
plaques was evident, suggesting some variability in phenotype. The biophysical properties of PrP from Tg(A116V) mice and human GSS(A117V) revealed a similarly low fraction of
insoluble PrP and a weakly protease-resistant �13 kDa midspan PrP fragment, not observed in CJD. Overall, Tg(A116V) mice recapitulate many clinicopathologic features of
GSS(A117V) that are distinct from CJD, supporting PrP A116V to carry specific phenotypic information. The occasional variation in histopathology they exhibit may shed light on a
similar observation in human GSS(A117V).
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Presenilin 1 (PS1) mutations are responsible for a majority of early onset familial Alzheimer’s disease (FAD) cases, in part by increasing the production of A� peptides.
However, emerging evidence suggests other possible effects of PS1 on synaptic dysfunction where PS1 might contribute to the pathology independent of A�. We chose to
study the L286V mutation, an aggressive FAD mutation which has never been analyzed at the electrophysiological and morphological levels. In addition, we analyzed for the
first time the long term effects of wild-type human PS1 overexpression. We investigated the consequences of the overexpression of either wild-type human PS1 (hPS1) or
the L286V mutated PS1 variant (mutPS1) on synaptic functions by analyzing synaptic plasticity and associated spine density changes from 3 to 15 months of age. We found
that mutPS1 induces a transient increase observed only in 4- to 5-month-old mutPS1 animals in NMDA receptor (NMDA-R)-mediated responses and LTP compared with
hPS1 mice and nontransgenic littermates. The increase in synaptic functions is concomitant with an increase in spine density. With increasing age, however, we found that
the overexpression of human wild-type PS1 progressively decreased NMDA-R-mediated synaptic transmission and LTP, without neurodegeneration. These results identify
for the first time a transient increase in synaptic function associated with L286V mutated PS1 variant in an age-dependent manner. In addition, they support the view that
the PS1 overexpression promotes synaptic dysfunction in an A�-independent manner and underline the crucial role of PS1 during both normal and pathological aging.
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