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Close Encounters between T Cells
and Neurons
Robert Nitsch, Elena E. Pohl, Alina
Smorodchenko, Carmen Infante-
Duarte, Orhan Aktas, and Frauke Zipp
(see pages 2458 –2464)

Autoimmune disease is accompanied by
T-cell invasion of the CNS, a realm from
which they are normally banned. But
while we generally think of oligodendro-
cytes as the primary victims in demyeli-
nating autoimmune disorders such as
multiple sclerosis (MS), Nitsch et al. show
this week that neurons themselves are un-
der attack from T cells as well. The authors
exposed mouse brain slices with intact cel-
lular architecture to activated T cells. T cells
were stimulated with oligodendrocyte-
derived proteolipid protein (PLP) or
ovalbumin (not expressed in mice). The T
cells encountered, bound, and killed neu-
rons, whereas unstimulated T cells did not
invade the slice. Using two-photon micros-
copy and ion-sensitive dyes, the authors
tracked the real-time movements of the
stimulated T cells. T cells, traveling quickly
(2.5 �m/sec at 34°C), assailed neurons with
a veritable neuronal kryptonite: calcium os-
cillations. They identified two seemingly co-
operative pathways for the excitotoxic cal-
cium: perforin release from T cells and
neuronal glutamate receptor activation.
Click the movie and watch them go!

Œ Development/Plasticity/Repair

Retinotectal Mapping without EphA
Receptors
David A. Feldheim, Masaru Nakamoto,
Miriam Osterfield, Nicholas W. Gale,
Thomas M. DeChiara, Rajat Rohatgi,
George D. Yancopoulos, and John G.
Flanagan
(see pages 2542–2550)

Visual information reaches the retina as a
spatially ordered image that must reach
higher centers intact for it to be useful to
the organism. This task requires topo-
graphical mapping between the retina and
the tectum (in the chick) or superior col-
liculus (in mammals). Multiple EphA re-

ceptors and their ephrin ligands are ex-
pressed in gradients across the projection
and target areas, forming a crisscrossed
web of repellant molecules that guides ret-
inal axons to their destinations. Now
Feldheim et al. have created loss-of-
function mutants of the EphA5 receptor
in mice and the EphA3 receptor in the
chick to ascertain their role in retinotectal
mapping. Deletion of the cytoplasmic do-
main of the receptors disrupted the map
but still allowed complete innervation.
Their work confirms a functional role for
the intracellular domain of the receptor
and supports a “competition” model of
mapping, in which retinal axons compete
to fill the target area and create a map even
without a key guidance molecule.

f Behavioral/Systems/Cognitive

Discriminating Time
Maria A. Pastor, Brian L. Day, Emiliano
Macaluso, Karl J. Friston, and
Richard S. J. Frackowiak
(see pages 2585–2591)

The somatosensory system can identify
independent stimuli that occur within
milliseconds, or millimeters, of one an-
other, but only within limits. The thresh-
old for discrimination of separate events is
determined by the biophysical properties
of neurons and by their circuitry. Do spe-
cific brain areas oversee this discrimina-
tion? Certain lesions and diseases of the

basal ganglia raise the threshold for dis-
crimination, but little more is known
about specific circuits mediating temporal
and spatial discrimination. In this week’s
Journal, Pastor et al. take a closer look with
functional magnetic resonance imaging.
Healthy subjects performed the tasks of
detecting electrical stimuli to the arm or
discriminating between closely spaced or
timed events. Not surprisingly, discrimi-
nation activated more brain areas than did
detection, but temporal discrimination
utilized regions even beyond those used
for spatial discrimination. The report re-
veals a cortical “timing circuit” in the pre-
supplementary motor area (pre-SMA)
and the anterior cingulate.

� Neurobiology of Disease

Amyloid Imaging
Nobuyuki Okamura, Takahiro
Suemoto, Hiroshi Shimadzu, Masako
Suzuki, Tsuyoshi Shiomitsu, Hiroyasu
Akatsu, Takayuki Yamamoto, Matthias
Staufenbiel, Kazuhiko Yanai, Hiroyuki
Arai, Hidetada Sasaki, Yukitsuka Kudo,
and Tohru Sawada
(see pages 2535–2541)

Alzheimer’s disease (AD) causes dementia
and memory loss accompanied by neuro-
nal death. AD pathology has been linked
to accumulation of senile plaques (SP)
containing amyloid-� (A�) peptides, but
the diagnosis is still a clinical one, because
there is no reliable presymptomatic test.
This week, Okamura et al. report on a se-
ries of styrylbenzoxazole derivatives for
use as potential diagnostic tools with
positron emission tomography (PET) or
single-photon emission computed to-
mography (SPECT) imaging. Their quest
presented multiple challenges. They
needed a compound that binds specifi-
cally to A�, can be tagged with a radioac-
tive isotope, readily crosses the blood–
brain barrier, and is quickly cleared from
the brain. They report that 6-(2-fluoro-
ethoxy)-2-[2-(4-methylaminophenil) ethe-
nyl]benzoxazole (BF-168) fulfills these
criteria and labels both neuritic and dif-
fuse A� plaques in transgenic mice. This
synthetic compound may hold future
promise for earlier AD detection in humans.

Interaction of PLP-specific T cells (red) obtained from SJL/J
(H-2s) mice with hippocampal neurons (green) in living brain
tissue from B10.PL (H-2u) mice. Note the oscillations in neu-
ronal calcium on contact with the T cell. The video shows a 10
sec sequence. See the article by Nitsch et al. for details.
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Cover picture: Neuronal integration of synaptic
input in the “fluctuation-driven” regime. The

amplitude of membrane potential fluctuations (SD;
blue, O mV; red, 3.4 mV) of a model neuron receiving

different combinations of excitatory (abscissa) and
inhibitory (ordinate) synaptic inputs is shown. The

display covers the range of inputs resulting in a
membrane potential that remains subthreshold in the
mean [i.e., between �70 mV (resting potential) and
�50 mV (spike threshold)]. In this fluctuation-driven

regime, spikes are exclusively generated by voltage
transients. Because activated synaptic conductances

reduce the input resistance of the neuron, the
amplitude of fluctuations decreases for intense inputs,

even for constant levels of the mean membrane
potential (e.g., �55 mV; dashed line). At the same

time, the membrane time constant is reduced, leading
to faster membrane potential transients. As a

consequence, the output spike rate of the
conductance-based model neuron exhibits a non-

monotonic dependency on its input rates. For details,
see the article by Kuhn et al. in this issue (pages

2345–2356).
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Brief Communications

Prokineticin 2 Modulates the Excitability of Subfornical Organ Neurons

G. Trevor Cottrell,1 Qun-Yong Zhou,2 and Alastair V. Ferguson1

1Department of Physiology, Queen’s University, Kingston, Ontario, Canada K7L 3N6, and 2Department of Pharmacology, University of California, Irvine,
California 92697

The recent discovery of prokineticin 2 (PK2) expression in the suprachiasmatic nucleus and its receptors in critical autonomic control centers of the brain, including the
subfornical organ (SFO), suggests the intriguing possibility that PK2 regulates the excitability of SFO neurons and thus influences autonomic function. Using current-clamp
techniques to record from dissociated SFO neurons, we examined the effects of PK2 on the excitability of these cells. PK2 (20 nM) induced depolarizations in 40% of SFO
neurons (n � 45; mean, 7.5 � 1.7 mV), an effect that was reversible, PK2-specific, and concentration dependent. The depolarization was accompanied by an increase in
action potential frequency from 0.4 � 0.1 to 1.4 � 0.5 Hz in responding cells (n � 10). This excitatory effect appears to be, in part, attributable to a PK2-induced decrease
in the delayed rectifier potassium current (IK ). In 10 SFO neurons recorded using perforated patch voltage-clamp techniques, six demonstrated a reversible decrease in IK

(mean decrease, 26.7 � 6.4%) in response to 20 nM PK2, whereas artificial CSF alone was without an effect on these currents. These data are the first to show excitatory effects
of PK2 on neurons and, in addition, demonstrate that this peptide modulates voltage-activated K � channels. The activation of SFO neurons by PK2 illustrates a mechanism
through which this peptide may exert circadian control of autonomic functions.
The Journal of Neuroscience, March 10, 2004 • 24(10):2375–2379

Noradrenaline and Dopamine Efflux in the Prefrontal Cortex in Relation to Appetitive Classical
Conditioning

Susana Mingote, Jan P. C. de Bruin, and Matthijs G. P. Feenstra
Netherlands Institute for Brain Research, 1105 AZ, Amsterdam, The Netherlands

We trained rats to learn that an auditory stimulus predicted delivery of reward pellets in the Skinner box. After 2 d of training, we measured changes in efflux of
noradrenaline (NA) and dopamine (DA) in the medial prefrontal cortex using microdialysis on the third day. Animals were subjected to a normal rewarded session and an
extinction session, in which the auditory stimulus was presented alone. In the rewarded session, both NA and DA efflux were increased, but in extinction, only NA was
activated. The data suggest that NA has a role in the reaction to reward-predicting stimuli, which complements that of DA.
The Journal of Neuroscience, March 10, 2004 • 24(10):2475–2480

Articles

CELLULAR/MOLECULAR

Efficient Isolation and Gene Expression Profiling of Small Numbers of Neural Crest Stem Cells
and Developing Schwann Cells

Johanna Buchstaller,1 Lukas Sommer,1 Matthias Bodmer,1 Reinhard Hoffmann,2 Ueli Suter,1 and Ned Mantei1

1Institute of Cell Biology, Department of Biology, Swiss Federal Institute of Technology, CH-8093 Zürich, Switzerland, and 2Max-von-Pettenkofer-Institut,

D-80336 Munich, Germany

Schwann cells develop from multipotent neural crest stem cells and are important for neuronal survival, maintenance of axonal integrity, and myelination. We used
transgenic mice expressing green fluorescent protein in a tissue-specific manner to isolate viable, pure populations of neural crest stem cells and developing Schwann cells,
which are not readily accessible by microdissection. Starting with the minute amounts of RNA obtained, a two-round amplification procedure was used to achieve
reproducible DNA array hybridizations. We validated our screening procedure by comparisons with the literature and by in situ hybridization. Stage-to-stage comparisons
and hierarchical clustering for neural crest and five stages of Schwann cell development suggest a wealth of candidates for genes involved in stem cell regulation and in early
Schwann cell development. The combination of methods applied in this study should be generally useful for isolating and profiling other stem cell and difficult to isolate cell
populations.
The Journal of Neuroscience, March 10, 2004 • 24(10):2357–2365
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Alterations in Glucose Metabolism Induce Hypothermia Leading to Tau Hyperphosphorylation
through Differential Inhibition of Kinase and Phosphatase Activities: Implications for
Alzheimer’s Disease

Emmanuel Planel,1 Tomohiro Miyasaka,1 Thomas Launey,2 De-Hua Chui,1 Kentaro Tanemura,1 Shinji Sato,1

Ohoshi Murayama,3 Koichi Ishiguro,4 Yoshitaka Tatebayashi,1 and Akihiko Takashima1

1Laboratory for Alzheimer’s Disease and 2Laboratory for Memory and Learning, Brain Science Institute, The Institute of Physical and Chemical Research,

Wako-shi, Saitama 351-0198, Japan, 3Laboratory of Molecular Biology, School of Environmental Health Sciences, Azabu University, Sagamihara, Kanagawa

229-8501, Japan, and 4Mitsubishi Kagaku Institute of Life Sciences, Machida-shi, Tokyo 195-8511, Japan

Alzheimer’s disease (AD) brains contain neurofibrillary tangles (NFTs) composed of abnormally hyperphosphorylated tau protein. Regional reductions in cerebral glucose
metabolism correlating to NFT densities have been reported in AD brains. Assuming that reduced glucose metabolism might cause abnormal tau hyperphosphorylation,
we induced in vivo alterations of glucose metabolism in mice by starvation or intraperitoneal injections of either insulin or deoxyglucose. We found that the treatments led
to abnormal tau hyperphosphorylation with patterns resembling those in early AD brains and also resulted in hypothermia. Surprisingly, tau hyperphosphorylation could
be traced down to a differential effect of low temperatures on kinase and phosphatase activities. These data indicate that abnormal tau hyperphosphorylation is associated
with altered glucose metabolism through hypothermia. Our results imply that serine–threonine protein phosphatase 2A plays a major role in regulating tau phosphory-
lation in the adult brain and provide in vivo evidence for its crucial role in abnormal tau hyperphosphorylation in AD.
The Journal of Neuroscience, March 10, 2004 • 24(10):2401–2411

Induction of Brain-Derived Neurotrophic Factor in Plaque-Associated Glial Cells of Aged APP23
Transgenic Mice

Guido J. Burbach,1 Rainer Hellweg,2 Carola A. Haas,3 Domenico Del Turco,1 Uwe Deicke,2 Dorothee Abramowski,4

Mathias Jucker,5 Matthias Staufenbiel,4 and Thomas Deller1

1Institute of Clinical Neuroanatomy, J. W. Goethe University, D-60590 Frankfurt, Germany, 2Department of Psychiatry and Psychotherapy,

Charité–University Medicine, Campus Benjamin Franklin, D-14050 Berlin, Germany, 3Institute of Anatomy and Cell Biology, University of Freiburg, D-

79001 Freiburg, 4Novartis Institutes of BioMedical Research Basel, Nervous System Department, CH-4002 Basel, Switzerland, and 5Department of Cellular

Neurology, Hertie-Institute for Clinical Brain Research, University of Tübingen, D-72076 Tübingen, Germany

Brain-derived neurotrophic factor (BDNF) is a versatile neurotrophic factor that has been implicated in cell survival, cell differentiation, axonal growth, and activity-
dependent synaptic plasticity. Changes in BDNF expression have also been reported during the course of several neurological disorders, including Alzheimer’s disease
(AD). The role of BDNF in AD, however, has remained elusive. To learn more about this neurotrophic factor, we investigated BDNF expression in brain of amyloid precursor
protein overexpressing mice (APP23 transgenic mice). In situ hybridization revealed BDNF mRNA signals associated with amyloid plaques. Laser microdissection in
combination with quantitative RT-PCR demonstrated a sixfold increase of BDNF mRNA in the immediate plaque vicinity, a threefold increase in a tissue ring surrounding
the plaque, and control levels in interplaque areas comparable with those measured in age-matched nontransgenic mice. Double immunofluorescence localized BDNF to
microglial cells and astrocytes surrounding the plaque. Cortical BDNF protein levels were quantified by ELISA demonstrating a �10-fold increase compared with
age-matched controls. This upregulation of BDNF protein significantly correlated with the �-amyloid load in the transgenic animals. Taken together, our data demonstrate
a plaque-associated upregulation of BDNF in APP23 transgenic mice and implicate this neurotrophin in the regulation of inflammatory and axonal growth processes in the
plaque vicinity.
The Journal of Neuroscience, March 10, 2004 • 24(10):2421–2430

Direct Impact of T Cells on Neurons Revealed by Two-Photon Microscopy in Living Brain Tissue

Robert Nitsch,1* Elena E. Pohl,1* Alina Smorodchenko,2 Carmen Infante-Duarte,2 Orhan Aktas,2 and Frauke Zipp2

Institutes of 1Anatomy, Department of Cell and Neurobiology, and 2Neuroimmunology, Humboldt University Medical School Charité, D-10098 Berlin,

Germany

Encephalitogenic T cells invade the brain during neuroinflammation such as multiple sclerosis (MS), inducing damage to myelin sheaths and oligodendrocytes. Only
recently, neuronal structures were reported to be a crucial target in the disease. Here, two-photon microscopy using ion-sensitive dyes revealed that within the complex
cellular network of living brain tissue, proteolipid protein (PLP)-specific T cells and T cells recognizing the nonmurine antigen ovalbumin (OVA) directly and indepen-
dently of the major histocompatibility complex (MHC) contact neurons in which they induce calcium oscillations. T cell contact finally resulted in a lethal increase in
neuronal calcium levels. This could be prevented by blocking both perforin and glutamate receptors. For the first time, our data provide direct insight into the activity of T
cells in the living brain and their detrimental impact on neurons.
The Journal of Neuroscience, March 10, 2004 • 24(10):2458 –2464
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The Two Regulatory Subunits of Aplysia cAMP-Dependent Protein Kinase Mediate Distinct
Functions in Producing Synaptic Plasticity

Jinming Liu, Jiang-Yuan Hu, Samuel Schacher, and James H. Schwartz
Center for Neurobiology and Behavior, College of Physicians and Surgeons, Columbia University, New York State Psychiatric Institute, New York, New York

10032

Activation of the cAMP-dependent protein kinase (PKA) is critical for both short- and long-term facilitation in Aplysia sensory neurons. There are two types of the kinase,
I and II, differing in their regulatory (R) subunits. We cloned Aplysia RII; RI was cloned previously. Type I PKA is mostly soluble in the cell body whereas type II is enriched
at nerve endings where it is bound to two prominent A kinase-anchoring-proteins (AKAPs). Disruption of the binding of RII to AKAPs by Ht31, an inhibitory peptide
derived from a human thyroid AKAP, prevents both the short- and the long-term facilitation produced by serotonin (5-HT). During long-term facilitation, RII is transcrip-
tionally upregulated; in contrast, the amount of RI subunits decreases, and previous studies have indicated that the decrease is through ubiquitin–proteosome-mediated
proteolysis. Experiments with antisense oligonucleotides injected into the sensory neuron cell body show that the increase in RII protein is essential for the production of
long-term facilitation. Using synaptosomes, we found that 5-HT treatment causes RII protein to increase at nerve endings. In addition, using reverse transcription-PCR, we
found that RII mRNA is transported from the cell body to nerve terminals. Our results suggest that type I operates in the nucleus to maintain cAMP response element-
binding protein-dependent gene expression, and type II PKA acts at sensory neuron synapses phosphorylating proteins to enhance release of neurotransmitter. Thus, the
two types of the kinase have distinct but complementary functions in the production of facilitation at synapses of an identified neuron.
The Journal of Neuroscience, March 10, 2004 • 24(10):2465–2474

Linkage of the Actin Cytoskeleton to the Postsynaptic Density via Direct Interactions of Abp1
with the ProSAP/Shank Family

Britta Qualmann,1 Tobias M. Boeckers,2 Monika Jeromin,1 Eckart D. Gundelfinger,1 and Michael M. Kessels1

1Department of Neurochemistry and Molecular Biology, Leibniz Institute for Neurobiology, D-39118 Magdeburg, Germany, and 2Department of Anatomy

and Cell Biology, University of Ulm, D-89081 Ulm, Germany

Synaptic contacts contain elaborate cytomatrices on both sides of the synaptic cleft, which are believed to organize and link the different synaptic functions in time and
space and can respond to different inner and outer cues with massive structural reorganizations. At the PSD (postsynaptic density), activity-dependent reorganizations of
the cortical actin cytoskeleton are hypothesized to play a role in synaptic plasticity. Here, we report on interactions of the F-actin binding protein Abp1 with members of the
ProSAP/Shank family: multidomain scaffolding PSD proteins interconnecting glutamate receptors with other synaptic components. Affinity-purification experiments
demonstrate that the interactions are mediated by the Abp1 (actin-binding protein 1) SH3 (Src homology 3) domain, which associates with a proline-rich motif that is
conserved within the C-terminal parts of ProSAP1(proline-rich synapse-associated protein 1)/Shank2 and ProSAP2/Shank3. The distribution of Abp1, ProSAP1, and
ProSAP2 overlaps within the brain, and all three proteins are part of the PSD and are particularly enriched in cortex and hippocampus. Coimmunoprecipitation of
endogenous Abp1 and ProSAP2 and colocalization studies of Abp1 and ProSAPs in hippocampal neurons indicate the in vivo relevance of the interactions. Intriguingly, in
vivo recruitment assays demonstrate that Abp1 can bind to dynamic F-actin structures and ProSAPs simultaneously, suggesting that Abp1 might link different organizing
elements in the PSD. Importantly, different paradigms of neuronal stimulation induce a redistribution of Abp1 to ProSAP-containing synapses. Our data suggest that
ProSAPs may serve to localize Abp1 to dendritic spines, thus serving as attachment points for the dynamic postsynaptic cortical actin cytoskeleton. This creates a functional
connection between synaptic stimulation and cytoskeletal rearrangements.
The Journal of Neuroscience, March 10, 2004 • 24(10):2481–2495

Synaptic Vesicles: Test for a Role in Presynaptic Calcium Regulation

Greg T. Macleod, Leo Marin, Milton P. Charlton, and Harold L. Atwood
Department of Physiology, University of Toronto, Toronto, Ontario, M5S 1A8, Canada

Membrane-bound organelles such as mitochondria and the endoplasmic reticulum play an important role in neuronal Ca 2� homeostasis. Synaptic vesicles (SVs), the organelles
responsible for exocytosis of neurotransmitters, occupy more of the volume of presynaptic nerve terminals than any other organelle and, under some conditions, can accumulate
Ca 2�. They are also closely associated with voltage-gated Ca 2� channels (VGCCs) that trigger transmitter release by admitting Ca 2� into the nerve terminal in response to action
potentials (APs). We tested the hypothesis that SVs can modulate Ca 2� signals in the presynaptic terminal. This has been a difficult question to address because neither pharma-
cological nor genetic approaches to block Ca 2� permeation of the SV membrane have been available. To investigate the possible role of SVs in Ca 2� regulation, we used imaging
techniques to compare Ca 2� dynamics in motor nerve terminals before and after depletion of SVs. We used the temperature-sensitive Drosophila dynamin mutant shibire, in which
SVs can be eliminated by stimulation. There was no difference in the amplitude or time course of Ca 2� responses during high-frequency trains of APs, or single APs, in individual
presynaptic boutons before and after depletion of SVs. SVs have a limited role, if any, in the rapid sequestration of Ca 2� within the neuronal cytosol or the synaptic microdomain.
We also conclude that SVs are not important for regulation of synaptic VGCCs.
The Journal of Neuroscience, March 10, 2004 • 24(10):2496 –2505
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Subunit Composition and Alternative Splicing Regulate Membrane Delivery of Kainate
Receptors
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Kainate receptors (KARs) are heteromeric ionotropic glutamate receptors (GluRs) that play various roles in the regulation of synaptic transmission. The KAR subunits
GluR5 and GluR6 exist under different splice variant isoforms in the C-terminal domain (GluR5a, GluR5b, GluR5c, GluR6a, GluR6b). The differential role of KAR subunit
splice variants is presently unknown. In transfected COS-7 cells and neurons from wild-type and GluR5 � GluR6 mice, we have found that the subcellular localization and
membrane delivery differed between these splice variants. GluR6a was highly expressed at the plasma membrane. GluR6b, GluR5a, and GluR5b were detected at lower levels
in the plasma membrane and mainly colocalized with calreticulin in the endoplasmic reticulum (ER). GluR5c was strongly retained in the ER by an RXR motif. GluR6a acted
as a key subunit splice variant promoting surface expression of ER-retained subunit splice variants when assembled in heteromeric KARs. Surface expression of GluR6a was
independent of its PDZ (postsynaptic density-95/discs large/zona occludens-1) binding motif and was promoted by a stretch of four basic amino acid residues at its C
terminus. Overall, splice variants and subunit composition of KARs regulate receptor trafficking from the endoplasmic reticulum to the plasma membrane.
The Journal of Neuroscience, March 10, 2004 • 24(10):2506 –2515

Neuron-Specific Apolipoprotein E4 Proteolysis Is Associated with Increased Tau
Phosphorylation in Brains of Transgenic Mice
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Apolipoprotein E (apoE) is found in amyloid plaques and neurofibrillary tangles (NFTs) in Alzheimer’s disease (AD) brains, but its role in their pathogenesis is unclear.
Previously, we found C-terminal-truncated fragments of apoE in AD brains and showed that such fragments can cause neurodegeneration and can induce NFT-like
inclusions in cultured neuronal cells and in transgenic mice. Here, we analyzed apoE fragmentation in brain tissue homogenates from transgenic mice expressing apoE3 or
apoE4 in neurons [neuron-specific enolase (NSE)-apoE] or astrocytes [glial fibrillary acidic protein (GFAP)-apoE] by Western blotting. The C-terminal-truncated frag-
ments of apoE accumulated, in an age-dependent manner, in the brains of NSE-apoE4 and, to a significantly lesser extent, NSE-apoE3 mice; however, no fragments were
detected in GFAP-apoE3 or GFAP-apoE4 mice. In NSE-apoE mice, the pattern of apoE fragmentation resembled that seen in AD brains, and the fragmentation was specific
for certain brain regions, occurring in the neocortex and hippocampus, which are vulnerable to AD-related neurodegeneration, but not in the less vulnerable cerebellum.
Excitotoxic challenge with kainic acid significantly increased apoE fragmentation in NSE-apoE4 but not NSE-apoE3 mice. Phosphorylated tau (p-tau) also accumulated in
an age-dependent manner in NSE-apoE4 mice and, to a much lesser extent, in NSE-apoE3 mice but not in GFAP-apoE3 or GFAP-apoE4 mice. Intraneuronal p-tau inclusions
in the hippocampus were prominent in 21-month-old NSE-apoE4 mice but barely detectable in NSE-apoE3 mice. Thus, the accumulation of potentially pathogenic
C-terminal-truncated fragments of apoE depends on both the isoform and the cellular source of apoE. Neuron-specific proteolytic cleavage of apoE4 is associated with
increased phosphorylation of tau and may play a key role in the development of AD-related neuronal deficits.
The Journal of Neuroscience, March 10, 2004 • 24(10):2527–2534

Role of Calcium in Neurotensin-Evoked Enhancement in Firing in Mesencephalic Dopamine
Neurons
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Neurotensin (NT) increases neurotransmission within the mesolimbic dopamine system by enhancing the firing rate of dopaminergic (DAergic) neurons and by acting at
the nerve terminal level. The signal transduction pathways involved in these effects have not been characterized, but NT receptors are coupled to the phospholipase C
pathway and Ca 2� mobilization. However, an enhancement of intracellular Ca 2� concentration ([Ca 2�]i ) evoked by NT in DAergic neurons has yet to be demonstrated.
Furthermore, the hypothesis that the excitatory effects of NT in DAergic neurons are Ca 2� dependant is currently untested. In whole-cell recording experiments, DAergic
neurons in culture were identified by their selective ability to express a cell-specific green fluorescent protein reporter construct. These experiments confirmed that NT
increases firing rate in cultured DAergic neurons. This effect was Ca 2� dependent because it was blocked by intracellular dialysis with BAPTA. Using Ca 2� imaging, we
showed that NT caused a rapid increase in [Ca 2�]i in DAergic neurons. Most of the Ca 2� originated from the extracellular medium. NT-induced excitation and Ca 2� influx
were blocked by SR48692, an antagonist of the type 1 NT receptor. Blocking IP3 receptors using heparin prevented the excitatory effect of NT. Moreover, Zn 2� and SKF96365
both blocked the excitatory effect of NT, suggesting that nonselective cationic conductances are involved. Finally, although NT can also induce a rise in [Ca 2�]i in astrocytes,
we find that NT-evoked excitation of DAergic neurons can occur independently of astrocyte activation.
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Abnormal Hippocampal Axon Bundling in EphB Receptor Mutant Mice
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Axons travel frequently in bundles to reach their target. After arriving at the target, axon terminals defasciculate, migrate to topographically defined positions, and form
synapses with appropriate target neurons. Here we present evidence that the B-type receptors of the erythropoietin-producing hepatocellular (Eph) family and a ligand,
ephrin-B3, influence hippocampal axon defasciculation. The EphB receptors are expressed in the hippocampus, and the ligand, ephrin-B3, is transcribed in the lateral
septum, the major subcortical target of hippocampal neurons. Ephrin-B3 promotes adhesion of hippocampal neurons to the ligand-expressing substrates in vitro, and the
loss of the receptor EphB2 abrogates the effects of ephrin-B3. In mice deficient in EphB2 and EphB3, many hippocampal axons remain in bundles. This phenotype was also
observed in mice that were specifically deleted for the cytoplasmic domain of EphB2. These observations indicate that the EphB receptors and their ligand regulate
hippocampal axon defasciculation at the septal target, possibly through a receptor-mediated forward signaling mechanism.
The Journal of Neuroscience, March 10, 2004 • 24(10):2366 –2374

Postsynaptic TrkB-Mediated Signaling Modulates Excitatory and Inhibitory Neurotransmitter
Receptor Clustering at Hippocampal Synapses
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Tyrosine receptor kinase B (TrkB)-mediated signaling modulates synaptic structure and strength in hippocampal and other neurons, but the underlying mechanisms are
poorly understood. Full-length and truncated TrkB are diffusely distributed throughout the dendrites and soma of rat hippocampal neurons grown in vitro. Manipulation
of TrkB-mediated signaling resulted in dramatic changes in the number and synaptic localization of postsynaptic NMDA receptor (NMDAR) and GABAA receptor
(GABAAR) clusters. BDNF treatment resulted in an increase in the number of NMDAR and GABAAR clusters and increased the proportion of clusters apposed to presynaptic
terminals. Downregulation of TrkB signaling resulted in a decrease in receptor cluster number and synaptic localization. Examination of the time course of the effects of
BDNF on receptor clusters showed that the increase in GABAAR clusters preceded the increase in NMDAR clusters by at least 12 hr. Moreover, the TrkB-mediated effects on
NMDAR clusters were dependent on GABAAR activation. Although TTX, APV, and CNQX treatment had no effect, blockade of GABAARs with bicuculline abolished the
BDNF-mediated increase in NMDAR cluster number and synaptic localization. In contrast, application of exogenous GABA prevented the decrease in NMDAR clusters
induced by BDNF scavenging. Together, these results suggest that TrkB-mediated signaling modulates the clustering of postsynaptic GABAARs and that receptor activity
is required for a subsequent upregulation of NMDAR clusters. Therefore, TrkB-mediated effects on postsynaptic neurotransmitter clusters may be part of a mechanism that
balances inhibitory and excitatory synaptic transmission in developing neural circuits.
The Journal of Neuroscience, March 10, 2004 • 24(10):2380 –2393

Altered Synapse Formation in the Adult Somatosensory Cortex of Brain-Derived Neurotrophic
Factor Heterozygote Mice
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Increased sensory stimulation in the adult whisker-to-barrel pathway induces the expression of BDNF as well as synapse formation in cortical layer IV. Here, we investigated
whether BDNF plays a role in the alterations of connectivity between neurons by analyzing the ultrastructure of the BDNF heterozygote mouse, characterized by a reduced
level of BDNF expression. Using serial section electron microscopy, we measured synapse density, spine morphology, and synaptic vesicle distribution to show that mice
with a reduced level of BDNF have a barrel neuropil that is indistinguishable from wild-type controls. After 24 hr of whisker stimulation, however, there is no indication of
synapse formation in the heterozygous mouse. Whereas the balance between excitatory and inhibitory synapses is modified in the controls, it remains constant in the
heterozygotes. The distribution of synaptic vesicles in excitatory synapses is the same in heterozygous and wild-type mice and is not influenced by the stimulation
paradigm. Spine volume, however, is unchanged by stimulation in the wild-type animals, but does increase significantly in the heterozygous animal. These results provide
evidence that, in vivo, BDNF plays an important role in the structural rearrangement of adult cortical circuitry as a consequence of an increased sensory input.
The Journal of Neuroscience, March 10, 2004 • 24(10):2394 –2400
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Stress Enables Synaptic Depression in CA1 Synapses by Acute and Chronic Morphine: Possible
Mechanisms for Corticosterone on Opiate Addiction
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The hippocampus, being sensitive to stress and glucocorticoids, plays significant roles in certain types of learning and memory. Therefore, the hippocampus is probably
involved in the increasing drug use, drug seeking, and relapse caused by stress. We have studied the effect of stress with morphine on synaptic plasticity in the CA1 region
of the hippocampus in vivo and on a delayed-escape paradigm of the Morris water maze. Our results reveal that acute stress enables long-term depression (LTD) induction
by low-frequency stimulation (LFS) but acute morphine causes synaptic potentiation. Remarkably, exposure to an acute stressor reverses the effect of morphine from
synaptic potentiation (�20%) to synaptic depression (�40%), precluding further LTD induction by LFS. The synaptic depression caused by stress with morphine is
blocked either by the glucocorticoid receptor antagonist RU38486 or by the NMDA-receptor antagonist D-APV. Chronic morphine attenuates the ability of acute morphine
to cause synaptic potentiation, and stress to enable LTD induction, but not the ability of stress in tandem with morphine to cause synaptic depression. Furthermore,
corticosterone with morphine during the initial phase of drug use promotes later delayed-escape behavior, as indicated by the morphine-reinforced longer latencies to
escape, leading to persistent morphine-seeking after withdrawal. These results suggest that hippocampal synaptic plasticity may play a significant role in the effects of stress
or glucocorticoids on opiate addiction.
The Journal of Neuroscience, March 10, 2004 • 24(10):2412–2420

Loss-of-Function Analysis of EphA Receptors in Retinotectal Mapping
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EphA tyrosine kinases are thought to act as topographically specific receptors in the well-characterized projection map from the retina to the tectum. Here, we describe a
loss-of-function analysis of EphA receptors in retinotectal mapping. Expressing patches of a cytoplasmically truncated EphA3 receptor in chick retina caused temporal
axons to have reduced responsiveness to posterior tectal repellent activity in vitro and to shift more posteriorly within the map in vivo. A gene disruption of mouse EphA5,
replacing the intracellular domain with �-galactosidase, reduced in vitro responsiveness of temporal axons to posterior target membranes. It also caused map abnormal-
ities in vivo, with temporal axons shifted posteriorly and nasal axons anteriorly, but with the entire target still filled by retinal axons. The anterior shift of nasal axons was
not accompanied by increased responsiveness to tectal repellent activity, in contrast to the comparable anterior shift in ephrin-A knock-outs, helping to resolve a previous
ambiguity in interpreting the ephrin gene knock-outs. The results show the functional requirement for endogenous EphA receptors in retinotectal mapping, show that the
receptor intracellular domain is required for a forward signaling response to topographic cues, and provide new evidence for a role of axon competition in topographic
mapping.
The Journal of Neuroscience, March 10, 2004 • 24(10):2542–2550

NT-3 Replacement with Brain-Derived Neurotrophic Factor Redirects Vestibular Nerve Fibers to
the Cochlea
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Survival of inner ear sensory neurons depends on two neurotrophins, BDNF and NT-3, and their respective receptors, TrkB and TrkC. Because both receptors are present
in the same neuron, it has been suggested that BDNF and NT-3 are functionally redundant in promoting neuronal survival. Knock-in of one ligand into the locus of the other
one confirmed this hypothesis for the cochlea, leaving open the question of why two neurotrophins are required for proper innervation of the mammalian ear. Here, we show
that the precise spatiotemporal pattern of expression of the two neurotrophins is essential for proper patterning of the inner ear innervation. Mice expressing BDNF under
the control of the NT-3 promoter develop exuberant projections of vestibular sensory neurons to the basal turn of the cochlea. This projection can be enhanced by
combining the transgene with a null mutation of BDNF. However, vestibular fibers rerouted into the cochlea do not reach hair cells and remain outside the organ of Corti,
suggesting a chemotactic role for neurotrophins on these fibers. Our data provide genetic evidence that neurotrophins in the ear exert both survival and axon guidance roles.
The Journal of Neuroscience, March 10, 2004 • 24(10):2575–2584
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Neuronal Integration of Synaptic Input in the Fluctuation-Driven Regime
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During sensory stimulation, visual cortical neurons undergo massive synaptic bombardment. This increases their input conductance, and action potentials mainly result
from membrane potential fluctuations. To understand the response properties of neurons operating in this regime, we studied a model neuron with synaptic inputs
represented by transient membrane conductance changes. We show that with a simultaneous increase of excitation and inhibition, the firing rate first increases, reaches a
maximum, and then decreases at higher input rates. Comodulation of excitation and inhibition, therefore, does not provide a straightforward way of controlling the
neuronal firing rate, in contrast to coding mechanisms postulated previously. The synaptically induced conductance increase plays a key role in this effect: it decreases firing
rate by shunting membrane potential fluctuations, and increases it by reducing the membrane time constant, allowing for faster membrane potential transients. These
findings do not depend on details of the model and, hence, are relevant to cells of other cortical areas as well.
The Journal of Neuroscience, March 10, 2004 • 24(10):2345–2356

The Role of the Dorsal Hippocampus in the Acquisition and Retrieval of Context Memory
Representations

Patricia Matus-Amat, Emily A. Higgins, Ruth M. Barrientos, and Jerry W. Rudy
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It is argued that the hippocampus contributes to contextual fear conditioning by supporting the acquisition of a conjunctive memory representation of context, which
associates with shock. This function was examined by studying the context pre-exposure facilitation effect (CPFE). A rat that is shocked immediately after being placed into
a context subsequently displays almost no fear of that context. However, if it is pre-exposed to the context the day before immediate shock, it displays significant freezing
to that context. By using 5-aminomethyl-3-hydroxysoxazole to temporarily inactivate the dorsal hippocampus (DH) at three different phases of the procedure, which
produces the CPFE, we show that the hippocampus is necessary for the following: (1) acquisition of the context memory, (2) retrieval of this memory at the time of
immediate shock, and (3) retrieval of the context–shock memory at the time of testing. In contrast, inactivating the DH before a standard contextual shock experience had
no effect on contextual fear conditioning. These results support the view that two processes can support contextual fear conditioning: (1) conditioning to the conjunctive
representation, which depends on the hippocampus, and (2) conditioning to the features that make up the context, which does not.
The Journal of Neuroscience, March 10, 2004 • 24(10):2431–2439

Oscillating Purkinje Neuron Activity Causing Involuntary Eye Movement in a Mutant Mouse
Deficient in the Glutamate Receptor �2 Subunit
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How failures in regulation of synaptic transmission in the mammalian CNS affect neuronal activity and disturb motor coordination is addressed. The mutant mouse
deficient in the glutamate receptor �2 subunit, specifically expressed in cerebellar Purkinje neurons, has defects in synaptic regulations such as synaptic plasticity,
stabilization, and elimination of synaptic connections and shows failures in motor coordination and learning. In this study, the cause of motor discoordination of the �2
mutant mouse was analyzed by comparing its motor control ability with those of the wild-type mouse and the lurcher mutant mouse, which loses all Purkinje neurons, the
sole output neurons in the cerebellar cortex. Unexpectedly, the �2 mutant mouse showed severer motor discoordination than the lurcher mouse without any cerebellar
cortical outputs. The �2 mutant mouse showed involuntary spontaneous eye movement with characteristic 10 Hz oscillation, which disappeared by ablation of the
cerebellar flocculus, suggesting that the �2 mutant cerebellar cortex outputs an abnormal signal. In vivo extracellular recordings of neuronal activity revealed that Purkinje
neurons tended to fire clustered action potentials and complex spikes at �10 Hz in the �2 mutant mouse. A whole-cell patch-clamp recording from Purkinje neurons in
cerebellar slices indicated that the clustered action potentials could be induced by climbing fiber activation. Taken together, our results suggest that the �2 subunit
deficiency produces the oscillating activity in Purkinje neurons by enhancing climbing fiber inputs, causing surplus movement and affecting motor control worse than no
signal at all.
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Targeted Microlesions Reveal Novel Organization of the Hamster Suprachiasmatic Nucleus
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The role of the suprachiasmatic nuclei (SCN) in generating circadian rhythms in physiology and behavior is well established. Recent evidence based on clock gene
expression indicates that the rodent SCN are composed of at least two functional subdivisions. In Syrian hamsters (Mesocricetus auratus), cells in a subregion of the caudal
SCN marked by calbindin-D28K (CalB) express light-induced, but not rhythmic, clock genes (Per1, Per2, and Per3). In the SCN region marked by vasopressinergic cells and
fibers, clock gene expression is rhythmic. Importantly, lesions of the CalB subregion that spare a significant portion of the SCN abolish rhythms in locomotor behavior. One
possibility is that the CalB subregion is required to maintain SCN function necessary to support all behavioral and physiological rhythms. Alternatively, this subregion may
control circadian rhythms in locomotor behavior, whereas other circadian responses in physiology and behavior are sustained by different SCN compartments. The present
study sought to distinguish between these possibilities by examining the role of the CalB subregion in a battery of rhythms within an individual animal. The results indicate
that lesions of the CalB subregion of the SCN abolish circadian rhythms in behavior (locomotion, drinking, gnawing), physiology (body temperature, heart rate), and
hormone secretion (melatonin, cortisol), even when other SCN compartments are spared. Together, these findings suggest a novel fundamental property of SCN organi-
zation, with a subset of cells being critical for the maintenance of SCN function manifest in circadian rhythms in physiology and behavior.
The Journal of Neuroscience, March 10, 2004 • 24(10):2449 –2457

The Processing of Visual Shape in the Cerebral Cortex of Human and Nonhuman Primates: A
Functional Magnetic Resonance Imaging Study
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We compared neural substrates of two-dimensional shape processing in human and nonhuman primates using functional magnetic resonance (MR) imaging in awake
subjects. The comparison of MR activity evoked by viewing intact and scrambled images of objects revealed shape-sensitive regions in occipital, temporal, and parietal
cortex of both humans and macaques. Intraparietal cortex in monkeys was relatively more two-dimensional shape sensitive than that of humans. In both species, there was
an interaction between scrambling and type of stimuli (grayscale images and drawings), but the effect of stimulus type was much stronger in monkeys than in humans.
Shape- and motion-sensitive regions overlapped to some degree. However, this overlap was much more marked in humans than in monkeys. The shape-sensitive regions
can be used to constrain the warping of monkey to human cortex and suggest a large expansion of lateral parietal and superior temporal cortex in humans compared with
monkeys.
The Journal of Neuroscience, March 10, 2004 • 24(10):2551–2565
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Two identical stimuli, such as a pair of electrical shocks to the skin, are readily perceived as two separate events in time provided the interval between them is sufficiently
long. However, as they are presented progressively closer together, there comes a point when the two separate stimuli are perceived as a single stimulus. Damage to posterior
parietal cortex, peri-supplementary motor area (peri-SMA), and basal ganglia can disturb this form of temporal discrimination. Our aim was to establish, in healthy
subjects, the brain areas that are involved in this process. During functional magnetic resonance imaging scanning, paired electrical pulses, separated by variable
inter-stimulus intervals (5–110 msec), were delivered to different sites on one forearm (8 – 64 mm from the midline). Subjects were required to simply detect the stimulus
(control task) or to identify a stimulus property. For temporal discrimination (TD), subjects reported whether they felt one or two stimuli. For spatial discrimination, they
reported whether the stimuli were located on the right or left side of the forearm. Subjects reported their choice by pressing a button with the opposite hand. Our results
showed that discrimination, as opposed to simply detection, activated several brain areas. Most were common to both discrimination tasks. These included regions of
prefrontal cortex, right postcentral gyrus and inferior parietal lobule, basal ganglia, and cerebellum. However, activation of pre-SMA and anterior cingulate was found to
be specific to the TD task. This suggests that these two frontal regions may play a role in the temporal processing of somatosensory events.
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Novel Dominant Rhodopsin Mutation Triggers Two Mechanisms of Retinal Degeneration and
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A variety of rod opsin mutations result in autosomal dominant retinitis pigmentosa and congenital night blindness in humans. One subset of these mutations encodes
constitutively active forms of the rod opsin protein. Some of these dominant rod opsin mutant proteins, which desensitize transgenic Xenopus rods, provide an animal
model for congenital night blindness. In a genetic screen to identify retinal degeneration mutants in Drosophila, we identified a dominant mutation in the ninaE gene
(NinaEpp100) that encodes the rhodopsin that is expressed in photoreceptors R1–R6. Deep pseudopupil analysis and histology showed that the degeneration was attribut-
able to a light-independent apoptosis. Whole-cell recordings revealed that the NinaEpp100 mutant photoreceptor cells were strongly desensitized, which partially masked
their constitutive activity. This desensitization primarily resulted from both the persistent binding of arrestin (ARR2) to the NINAE pp100 mutant opsin and the constitutive
activity of the phototransduction cascade. Whereas mutations in several Drosophila genes other than ninaE were shown to induce photoreceptor cell apoptosis by
stabilizing a rhodopsin–arrestin complex, NinaEpp100 represented the first rhodopsin mutation that stabilized this protein complex. Additionally, the NinaEpp100 mutation
led to elevated levels of Gq� in the cytosol, which mediated a novel retinal degeneration pathway. Eliminating both Gq� and arrestin completely rescued the NinaEpp100-
dependent photoreceptor cell death, which indicated that the degeneration is entirely dependent on both Gq� and arrestin. Such a combination of multiple pathological
pathways resulting from a single mutation may underlie several dominant retinal diseases in humans.
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Progressive deposition of senile plaques (SPs) is one of the major neuropathological features of Alzheimer’s disease (AD) that precedes cognitive decline. Noninvasive
detection of SPs could, therefore, be a potential diagnostic test for early detection of AD patients. For imaging SPs in the living brain, we have developed a series of
styrylbenzoxazole derivatives that achieve high binding affinity for amyloid-� (A�) fibrils. One of these compounds, 6-(2-Fluoroethoxy)-2-[2-(4-methylaminophenil)
ethenyl]benzoxazole (BF-168), selectively binds SPs in AD brain sections and recognizes A�1-42-positive diffuse plaques as well as neuritic plaques in AD brain sections.
Intravenous injection of BF-168 in PS1/APP and APP23 transgenic mice resulted in specific in vivo labeling to both compact and diffuse amyloid deposits in the brain. In
addition, 18F-radiolabeled BF-168 demonstrated abundant initial brain uptake (3.9% injected dose/gm at 2 min after injection) and fast clearance (t1/2 � 24.7 min) after
intravenous administration in normal mice. Furthermore, autoradiograms of brain sections from APP23 transgenic mice at 180 min after intravenous injection of
[ 18F]BF-168 showed selective labeling of brain amyloid deposits with little nonspecific binding. These findings strongly suggest that styrylbenzoxazole derivatives are
promising candidate probes for positron emission tomography and single-photon emission computed tomography imaging for early detection of amyloid plaque
formation.
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Synapses
edited by W. Maxwell Cowan,
Thomas C. Südhof, and
Charles F. Stevens
published in collaboration with the
Howard Hughes Medical Institute

“A fascinating introduction by Max
Cowan and Eric Kandel chronicles the
historical underpinnings of the synapse
and sets the scholarly tone for the rest of the book.  Synapses is
an impressive book that will be a useful reference to neuroscien-
tists at all levels.”—Michael D. Ehlers and Guoping Feng, Nature
$49.95 paperback

A Life Shaken
My Encounter with Parkinson’s Disease
Joel Havemann
foreword by Stephen G. Reich, M.D.

“[Havemann] takes us on his journey
from a physically robust, high achiever to
his new world of medication depen-
dence, compromise, and, eventually, an
almost spiritual epiphany of acceptance
and appreciation . . . We learn much
from our patients, and Havemann’s book
is no exception.”—Matthew B. Stern, Neurology
$14.95 paperback
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Two post-doctoral fellows are sought for positions in a
molecular neurobiology lab studying single cell and neuronal
dendrite functioning. One post-doc should have molecular
biology expertise including PCR, in situ hybridization and
a strong bioinformatics background. The other post-doc
should be expert in neuroanatomical procedures, including
mammalian brain dissection, immunohistochemistry and
various types of microscopy especially fluorescence imaging
and confocal and/or multiphoton microscopy. Salary is
competitive. Please direct applications with three letters
of recommendation to:

The University of Pennsylvania is an equal opportunity, affirmative action
employer. Women and minority candidates are strongly encouraged to apply.
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