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Mossy Fiber LTD: You Can Have it
Both Ways
Saobo Lei and Chris J. McBain
(see pages 2112–2121)

Synaptic plasticity takes many molecular
forms. In this week’s Journal, Lei and
McBain explore two types of long-term
depression (LTD) at CA3 inhibitory syn-
apses between mossy fibers and stratum
lucidum interneurons. Both types require
influx of postsynaptic calcium, but whereas
calcium-permeable AMPA-type glutamate
receptors (CP-AMPARs), when present, are
sufficient to induce LTD at some of these
synapses, NMDA receptors (NMDARs) are
required for LTD at synapses expressing
calcium-impermeable (CI)-AMPARs. The
authors used a three-pronged approach to
determine the site of LTD expression in each
case. They measured whether the two forms
of LTD altered neurotransmitter release
probability, the level of released glutamate
fluctuations in the cleft, and/or AMPA re-
ceptor trafficking in the postsynaptic mem-
brane. LTD expression appeared to be pre-
synaptic at synapses with CP-AMPARs,
whereas postsynaptic mechanisms, possibly
calcium-evoked AMPAR endocytosis, me-
diated LTD evoked by CI-AMPARs and
NMDARs. The parallel LTD mechanisms
give a familiar answer to the question “pre-
synaptic or postsynaptic?” It depends.

Œ Development/Plasticity/Repair

The March of the reelin-Positive Cells
Keiko Takiguchi-Hayashi, Mariko
Sekiguchi, Shizuko Ashigaki, Masako
Takamatsu, Hiroshi Hasegwawa, Rika
Suzuki-Migishima, Minesuke
Yokoyama, Shigetada Nakanishi, and
Yasuto Tanabe
(see pages 2286 –2295)

The neocortex is organized into discrete
layers and cortical areas with the help of
neurons that express reelin, an extracellu-
lar protein that governs neuronal migra-
tion. This insight was initially provided by

two accidents of nature, the reeler mouse
and human congenital lissencephaly, a se-
vere migration disorder resulting in a
smooth cortical surface that lacks sulci.
Reelin-positive cells reside in the marginal
zone (MZ), an area derived from the early
cortical plate. However the temporal and
spatial origin of these neurons is still in
question. This week, Takiguchi-Hayashi
et al. use cell-labeling techniques to trace
reelin-positive cells back to the time and
place from which they arose. They found
that reelin-positive cells originate in the
caudomedial wall of telencephalic vesicles
and then migrate to the MZ, forming a
caudomedial-to-rostrolateral gradient.
Thus reelin-positive cells are generated
extrinsic to the neocortex in an area aptly
named the cortical “hem.”

f Behavioral/Systems/Cognitive

Active Head Motion and the
Vestibular Nuclei
Jefferson E. Roy and Kathleen E. Cullen
(see pages 2102–2111)

How can we distinguish between our own
self-generated movements and those of
the external world? This ability to differ-
entiate between so-called “reafference”
and “exafference” is something most of us
take for granted. Over 50 years ago, Von
Holst and Mittelstaedt hypothesized that
the brain generates a sensory expectation

based on motor output, compares it with
actual sensation, and subtracts the self-
generated sensation, creating a perception
of the outside world. This week, Roy and
Cullen provide evidence for such compar-
ison and cancellation during early vestib-
ular processing. They recorded from
“vestibular-only” neurons of the vestibu-
lar nucleus while monkeys made head
movements. These cells are known to re-
ceive direct vestibular afferent input but
respond much better to passive move-
ments than to self-generated head move-
ments. A cancellation signal was gener-
ated only when the activation of neck
proprioceptors matched the motor-
generated expectation. Thus this mecha-
nism acts to eliminate self-movements
from the subsequent computation of ori-
entation and posture control.

� Neurobiology of Disease

Spinal Cord Bypass Surgery
Lucas Campos, Zhuo Meng, Guoli Hu,
David T. W. Chiu, Richard T. Ambron,
and John H. Martin
(see pages 2090 –2101)

Despite some successes, therapeutic re-
pair of spinal cord injury has eluded us.
Now Campos et al. explore an alternate
route between brain and body: around,
rather than through, an injury. After cut-
ting the T13 motor nerve in rats, they in-
serted the distal nerve stump to the lum-
bosacral spinal cord, where it resprouted
and grew into gray and white matter. The
growth holds functional promise: after
spinal cord hemisection at L2/3, the T13
nerve “bridge” facilitated muscle contrac-
tion and lessened spasticity and wasting.
Because the new circuitry is not impeded
by scar formation, the therapeutic strategy
may work for chronic as well as acute spi-
nal injury. The motor neurons made
functional connections with novel targets:
other spinal neurons rather than muscle
cells. Presumably it would take extensive
training to volitionally control these re-
routed motor neurons that normally con-
trol abdominal muscles, but there seems
reason to be hopeful.

LacZ-positive descendants from the caudomedial wall of tel-
encephalic vesicles migrate tangentially on the cortical sur-
face of this embryonic day 13.5 whole mount. See the article
by Takiguchi-Hayashi et al. for details.
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Cover picture: The entorhinal cortex of Alzheimer’s
disease brain shows the presence of tyrosine-

phosphorylated human tau in neurofibrillary tangles.
For details, see the article by Lee et al. in this issue

(pages 2304 –2312).
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Brief Communications

Propofol Restores the Function of “Hyperekplexic” Mutant Glycine Receptors in Xenopus
Oocytes and Mice

Sean Michael O’Shea,1 Lore Becker,2 Hans Weiher,2 Heinrich Betz,1 and Bodo Laube1

1Abteilung Neurochemie, Max-Planck-Institut für Hirnforschung, 60528 Frankfurt am Main, Germany, and 2Institute for Diabetes Research,
80804 Munich, Germany

Human hereditary hyperekplexia (“startle disease”) is a neurological disorder characterized by exaggerated, convulsive movements in response to unexpected stimuli.
Molecular genetic studies have shown that this disease is often caused by amino acid substitutions at arginine 271 to glutamine or leucine of the �1 subunit of the inhibitory
glycine receptor (GlyR). When exogenously expressed in Xenopus oocytes, agonist responses of mutant �1(R271Q) and �1(R271L) GlyRs show higher EC50 values and lower
maximal inducible responses (relative efficacies) compared with oocytes expressing wild-type �1 GlyR subunits. Here, we report that the maximal glycine-induced currents
(Imax ) of mutant �1(R271Q) and �1(R271L) GlyRs were dramatically potentiated in the presence of the anesthetic propofol (PRO), whereas the Imax of wild-type �1 receptors
was not affected. Quantitative analysis of the agonist responses of the isofunctionally substituted �1(R271K) mutant GlyR revealed that saturating concentrations of PRO
decreased the EC50 values of both glycine and the partial agonist �-alanine by �10-fold, with relative efficacies increasing by 4- and 16-fold, respectively. Transgenic (tg)
mice carrying the �1(R271Q) mutation (tg271Q-300) have both spontaneous and induced tremor episodes that closely resemble the movements of startled hyperekplexic
patients. After treatment with subanesthetic doses of PRO, the tg271Q-300 mutant mice showed temporary reflexive and locomotor improvements that made them
indistinguishable from wild-type mice. Together, these results demonstrate that the functional and behavioral effects of hyperekplexia mutations can be effectively reversed
by drugs that potentiate GlyR responses.
The Journal of Neuroscience, March 3, 2004 • 24(9):2322–2327

Articles

CELLULAR/MOLECULAR

Two Loci of Expression for Long-Term Depression at Hippocampal Mossy Fiber–Interneuron
Synapses

Saobo Lei and Chris J. McBain
Laboratory of Cellular and Synaptic Neurophysiology, National Institute of Child Health and Human Development, National Institutes of Health, Bethesda,

Maryland 20892-4495

Two distinct forms of long-term depression (LTD) exist at mossy fiber synapses between dentate gyrus granule cells and hippocampal CA3 stratum lucidum interneurons.
Although induction of each form of LTD requires an elevation of postsynaptic intracellular Ca 2�, at Ca 2�-impermeable AMPA receptor (CI-AMPAR) synapses, induction
is NMDA receptor (NMDAR) dependent, whereas LTD at Ca 2�-permeable AMPA receptor (CP-AMPAR) synapses is NMDAR independent. However, the expression locus
of either form of LTD is not known. Using a number of criteria, including the coefficient of variation, paired-pulse ratio, AMPA–NMDA receptor activity, and the low-affinity
AMPAR antagonist �-D-glutamyl-glycine, we demonstrate that LTD expression at CP-AMPAR synapses is presynaptic and results from reduced transmitter release,
whereas LTD expression at CI-AMPAR synapses is postsynaptic. The N-ethylmaleimide-sensitive fusion protein–AP2-clathrin adaptor protein 2 inhibitory peptide pep2m
occluded LTD expression at CI-AMPAR synapses but not at CP-AMPAR synapses, confirming that CI-AMPAR LTD involves postsynaptic AMPAR trafficking. Thus, mossy
fiber innervation of CA3 stratum lucidum interneurons occurs via two parallel systems targeted to either Ca 2�-permeable or Ca 2�-impermeable AMPA receptors, each
with a distinct expression locus for long-term synaptic plasticity.
The Journal of Neuroscience, March 3, 2004 • 24(9):2112–2121

Different Behavior toward Bovine Spongiform Encephalopathy Infection of Bovine Prion
Protein Transgenic Mice with One Extra Repeat Octapeptide Insert Mutation

J. Castilla,1 A. Gutiérrez-Adán,2 A. Brun,1 B. Pintado,2 B. Parra,1 M. A. Ramı́rez,2 F. J. Salguero,1 F. Dı́az San Segundo,1

A. Rábano,3 M. J. Cano,1 and J. M. Torres1

1Center of Animal Health Investigation, National Institute of Agricultural Technology and Investigation, Valdeolmos, 28130 Madrid, Spain, 2Department of

Animal Reproduction and Zoogenetic Resources Conservation, 28040 Madrid, Spain, and 3Neuropathology Laboratory, Alcorcón Hospital, Alcorcón, 28922

Madrid, Spain

In humans, insert mutations within the repetitive octapeptide region of the prion protein gene (Prnp) are often associated with familial spongiform encephalopathies. In
this study, transgenic mice expressing bovine PrP (boTg mice) bearing an additional octapeptide insertion to the wild type (seven octapeptide repeats instead of six) showed
an altered course of bovine spongiform encephalopathy (BSE) infection, reflected as reduced incubation times when compared with boTg mice expressing similar levels of
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the wild-type six-octapeptide protein. In both boTg mouse lines (bo6ORTg and bo7ORTg), incubation times were affected drastically depending on transgene expression
levels and the inoculum used. In accordance with the lack of an interspecies barrier to BSE infection, we detected the typical signs of CNS spongiform degeneration by
histopathological analysis and the presence of the bovine prion PrP res by Western blot or immunohistochemical analyses. When 7OR-PrP res was propagated in bo7ORTg
mice, a similar earlier onset of clinical signs was observed compared with bo6ORTg mice. Proteins PrP C and PrP res containing seven octapeptides (7OR-PrP C and
7OR-PrP res) showed similar protease sensitivity and insolubility in nondenaturing detergents to homologous 6OR-PrP C and 6OR-PrP res. In addition, bo7ORTg mice
showed a higher sensitivity than bo6ORTg mice for detecting prion infection in specimens previously diagnosed as negative by conventional biochemical techniques. In the
absence of clinical signs of disease, 7OR-PrP res could be detected as early as 120 d after inoculation by immunohistochemical and Western blot analyses. These findings may
help us improve the current mouse bioassays and understand the role of the octapeptide repeat region in susceptibility to disease.
The Journal of Neuroscience, March 3, 2004 • 24(9):2156 –2164

Ionic Mechanism of Long-Lasting Discharges of Action Potentials Triggered by Membrane
Hyperpolarization in the Medial Lateral Habenula

Su-youne Chang and Uhnoh Kim
Department of Biomedical Sciences and Interdepartmental Neuroscience Program, College of Veterinary Medicine, Iowa State University, Ames, Iowa
50011-1250

The activation of inhibitory synapses typically suppresses the generation of action potentials by hyperpolarizing the membrane of postsynaptic cells. In contrast to such
conventional action of inhibitory synapses, we report here the ionic mechanism through which hyperpolarizing synapses trigger long-lasting discharges of action potentials
that persist up to several tens of seconds. By using extracellular and intracellular recordings in slice preparations, we demonstrate that the activation of synaptic input from
the limbic forebrain generates transient hyperpolarizing postsynaptic potentials in neurons of the medial part of the lateral habenular nucleus of the epithalamus. The
synaptic hyperpolarization then sets off the coordinated activation of a distinct set of membrane ion channels and intracellular Ca 2� mobilization by internal stores. The
activation of these cellular events in distinct temporal order drives a persistent depolarization of habenular cells and promotes long-lasting discharges of tonic action
potentials. The cells in the medial division of the lateral habenula project to dopamine and serotonin cells in the midbrain. We suggest that these habenular cells, by
generating persistent action potentials in response to a transient increase in the activity of the limbic forebrain, may contribute to the regulation of the serotonergic and
dopaminergic activity in the brain.
The Journal of Neuroscience, March 3, 2004 • 24(9):2172–2181

A Conserved Postsynaptic Transmembrane Protein Affecting Neuromuscular Signaling in
Caenorhabditis elegans

Paula M. Loria,1 Jonathan Hodgkin,2 and Oliver Hobert1

1Department of Biochemistry and Molecular Biophysics, Center for Neurobiology and Behavior, Columbia University, College of Physicians and Surgeons,
New York, New York 10032, and 2Department of Biochemistry, University of Oxford, South Parks Road, Oxford OX1 3QU, United Kingdom

For a motor unit to function, neurons and muscle cells need to adopt their correct cell fate, form appropriate cellular contacts, and assemble a specific repertoire of signaling
proteins into presynaptic and postsynaptic structures. In the nematode Caenorhabditis elegans, a disruption of any of these steps causes uncoordinated locomotory
behavior (unc phenotype). We report here the positional cloning of a new unc gene, unc-122, which we show by mosaic analysis and tissue-specific rescue experiments to act
in muscle to affect locomotory behavior. unc-122 codes for a phylogenetically conserved type II transmembrane protein with collagen repeats and a cysteine-rich
olfactomedin domain. Together with uncharacterized proteins in C. elegans, Drosophila, and vertebrates, UNC-122 defines a novel family of proteins that we term
“Colmedins.” UNC-122 protein is expressed exclusively in muscle and coelomocytes and localizes to the postsynaptic surface of GABAergic and cholinergic neuromuscular
junctions (NMJs). Presynaptic and postsynaptic structures are present and properly aligned in unc-122 mutant animals, yet the animals display neurotransmission defects
characterized by an altered sensitivity toward drugs that interfere with cholinergic signaling. Moreover, unc-122 mutant animals display anatomical defects in motor axons
that are likely a secondary consequence of neurotransmission defects. Both the neuroanatomical and locomotory defects worsen progressively during the life of an animal,
consistent with a role of unc-122 in acute signaling at the NMJ. On the basis of motifs in the UNC-122 protein sequence that are characteristic of extracellular matrix proteins,
we propose that UNC-122 is involved in maintaining a structural microenvironment that allows efficient neuromuscular signaling.
The Journal of Neuroscience, March 3, 2004 • 24(9):2191–2201

A Novel Role For Serum Response Factor in Neuronal Survival

Sandra H. Chang,1 Steve Poser,2 and Zhengui Xia1,2

Departments of 1Environmental and Occupational Health Sciences and 2Pharmacology, Graduate Program in Neurobiology and Behavior, Graduate
Program in Molecular and Cell Biology, University of Washington, Seattle, Washington 98195-7234

Recent studies indicate that neuroprotection afforded by brain-derived neurotrophic factor (BDNF) is mediated by extracellular signal-regulated kinase (ERK) and
phosphatidylinositol-3 kinase (PI3K). However, the mechanisms by which ERK and PI3K exert neuroprotection are not completely understood. Because ERK1/2 and PI3K
both stimulate serum response element (SRE)-mediated gene expression, and serum response factor (SRF) is indispensable for SRE-mediated transcription, we investi-
gated whether SRF contributes to ERK1/2 and PI3K neuroprotection. To accomplish this goal, we used an established experimental paradigm in which BDNF protects
postnatal cortical neurons against both trophic deprivation and camptothecin-induced DNA damage. BDNF protection against camptothecin is mediated primarily by
ERK1/2 activation, whereas its protection against trophic deprivation is mainly through stimulation of the PI3K pathway (Hetman et al., 1999). Here we demonstrate that
expression of a wild-type SRF is sufficient to protect postnatal cortical neurons against camptothecin or trophic deprivation. Expression of a dominant-negative SRF
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partially reversed BDNF neuroprotection against both apoptotic insults. Moreover, the dominant-negative SRF inhibited neuroprotection against trophic withdrawal
afforded by expression of a constitutive active PI3K. In addition, protection against camptothecin by expression of constitutive active mitogen-activated protein kinase
kinase 1, an upstream kinase that activates ERK1/2, was also blocked by expression of the dominant-negative SRF. These data suggest that SRF is both necessary and
sufficient for BDNF neuroprotection of cortical neurons against trophic deprivation and DNA damage. Our data provide a direct demonstration of a biological function of
SRF in neurons and a novel downstream neuroprotective mechanism common to both ERK1/2 and PI3K pathways.
The Journal of Neuroscience, March 3, 2004 • 24(9):2277–2285

Phosphorylation of Tau by Fyn: Implications for Alzheimer’s Disease

Gloria Lee,1 Ramasamy Thangavel,2 Vandana M. Sharma,1 Joel M. Litersky,1 Kiran Bhaskar,1 Sandy M. Fang,1

Lana H. Do,1 Athena Andreadis,4 Gary Van Hoesen,2 and Hanna Ksiezak-Reding 3

Departments of 1Internal Medicine and 2Anatomy and Cell Biology, University of Iowa, Roy J. and Lucille A. Carver College of Medicine, Iowa City, Iowa

52242, 3Department of Psychiatry, Mount Sinai School of Medicine, New York, New York 10029, and 4Department of Biomedical Sciences, Shriver Center,

University of Massachusetts Medical School, Waltham, Massachusetts 02452

The abnormal phosphorylation of tau protein on serines and threonines is a hallmark characteristic of the neurofibrillary tangles of Alzheimer’s disease (AD). The discovery
that tau could be phosphorylated on tyrosine and evidence that A� signal transduction involved tyrosine phosphorylation led us to question whether tyrosine phosphor-
ylation of tau occurred during the neurodegenerative process. In this study we determined that human tau tyr18 was phosphorylated by the src family tyrosine kinase fyn.
By developing both polyclonal and monoclonal probes specific for phospho-tyr18, we found that the phosphorylation of tau at tyr18 occurred at early developmental stages
in mouse but was absent in the adult. Our phosphospecific probes also revealed that paired helical filament preparations exhibited phospho-tyr18 reactivity that was
sensitive to phosphotyrosine-specific protein phosphatase treatment. Moreover, immunocytochemical studies indicated that tyrosine phosphorylated tau was present in
the neurofibrillary tangles in AD brain. However, the staining pattern excluded neuropil threads and dystrophic neurites indicating that tyrosine phosphorylated tau was
distributed in AD brain in a manner dissimilar from other abnormally phosphorylated tau. We also found evidence suggesting that differentially phosphorylated tau existed
within degenerating neurons. Our data add new support for a role for fyn in the neurodegenerative process.
The Journal of Neuroscience, March 3, 2004 • 24(9):2304 –2312
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Adenovirally Expressed Noggin and Brain-Derived Neurotrophic Factor Cooperate to Induce
New Medium Spiny Neurons from Resident Progenitor Cells in the Adult Striatal
Ventricular Zone

Eva Chmielnicki,1 Abdellatif Benraiss,1 Aris N. Economides,2 and Steven A. Goldman1,3

1Department of Neurology and Neuroscience, Cornell University Medical College, New York, New York 10021, 2Regeneron Pharmaceuticals, Inc.,
Tarrytown, New York 10591, and 3Department of Neurology, University of Rochester, Rochester, New York 14642

Neurogenesis from endogenous progenitor cells in the adult forebrain ventricular wall may be induced by the local viral overexpression of cognate neuronal differentiation
agents, in particular BDNF. Here, we show that the overexpression of noggin, by acting to inhibit glial differentiation by subependymal progenitor cells, can potentiate
adenoviral BDNF-mediated recruitment of new neurons to the adult rat neostriatum. The new neurons survive at least 2 months after their genesis in the subependymal
zone and are recruited primarily as GABAergic DARPP-32 � medium spiny neurons in the caudate-putamen. The new medium spiny neurons successfully project to the
globus pallidus, their usual developmental target, extending processes over several millimeters of the normal adult striatum. Thus, concurrent suppression of subependy-
mal glial differentiation and promotion of neuronal differentiation can mobilize endogenous subependymal progenitor cells to achieve substantial neuronal addition to
otherwise non-neurogenic regions of the adult brain.
The Journal of Neuroscience, March 3, 2004 • 24(9):2133–2142

Reactive Astrocytes Protect Tissue and Preserve Function after Spinal Cord Injury

Jill R. Faulkner,1,3 Julia E. Herrmann,1,3 Michael J. Woo,1 Keith E. Tansey,2 Ngan B. Doan,1 and Michael V. Sofroniew1,3

Departments of 1Neurobiology and 2Neurology and 3Brain Research Institute, University of California, Los Angeles, California 90095-1763

Reactive astrocytes are prominent in the cellular response to spinal cord injury (SCI), but their roles are not well understood. We used a transgenic mouse model to study
the consequences of selective and conditional ablation of reactive astrocytes after stab or crush SCI. Mice expressing a glial fibrillary acid protein-herpes simplex
virus-thymidine kinase transgene were given mild or moderate SCI and treated with the antiviral agent ganciclovir (GCV) to ablate dividing, reactive, transgene-expressing
astrocytes in the immediate vicinity of the SCI. Small stab injuries in control mice caused little tissue disruption, little demyelination, no obvious neuronal death, and mild,
reversible functional impairments. Equivalent small stab injuries in transgenic mice given GCV to ablate reactive astrocytes caused failure of blood– brain barrier repair,
leukocyte infiltration, local tissue disruption, severe demyelination, neuronal and oligodendrocyte death, and pronounced motor deficits. Moderate crush injuries in
control mice caused focal tissue disruption and cellular degeneration, with moderate, primarily reversible motor impairments. Equivalent moderate crush injuries
combined with ablation of reactive astrocytes caused widespread tissue disruption, pronounced cellular degeneration, and failure of wound contraction, with severe
persisting motor deficits. These findings show that reactive astrocytes provide essential activities that protect tissue and preserve function after mild or moderate SCI. In
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nontransgenic animals, crush or contusion SCIs routinely exhibit regions of degenerated tissue that are devoid of astrocytes. Our findings suggest that identifying ways to
preserve reactive astrocytes, to augment their protective functions, or both, may lead to novel approaches to reducing secondary tissue degeneration and improving
functional outcome after SCI.
The Journal of Neuroscience, March 3, 2004 • 24(9):2143–2155

Minocycline Treatment Reduces Delayed Oligodendrocyte Death, Attenuates Axonal Dieback,
and Improves Functional Outcome after Spinal Cord Injury

David P. Stirling, Kourosh Khodarahmi, Jie Liu, Lowell T. McPhail, Christopher B. McBride, John D. Steeves,
Matt S. Ramer, and Wolfram Tetzlaff
International Collaboration On Repair Discoveries, University of British Columbia, Vancouver, British Columbia, Canada V6T 1Z4

Minocycline has been demonstrated to be neuroprotective after spinal cord injury (SCI). However, the cellular consequences of minocycline treatment on the secondary
injury response are poorly understood. We examined the ability of minocycline to reduce oligodendrocyte apoptosis, microglial/macrophage activation, corticospinal tract
(CST) dieback, and lesion size and to improve functional outcome after SCI. Adult rats were subjected to a C7–C8 dorsal column transection, and the presence of apoptotic
oligodendrocytes was assessed within the ascending sensory tract (AST) and descending CST in segments (3–7 mm) both proximal and distal to the injury site. Surprisingly,
the numbers of dying oligodendrocytes in the proximal and distal segments were comparable, suggesting more than the lack of axon– cell body contiguity played a role in
their demise. Minocycline or vehicle control was injected into the intraperitoneal cavity 30 min and 8 hr after SCI and thereafter twice daily for 2 d. We report a reduction
of apoptotic oligodendrocytes and microglia within both proximal and distal segments of the AST after minocycline treatment, using immunostaining for active caspase-3
and Hoechst 33258 staining in combination with cell-specific markers. Activated microglial/macrophage density was reduced remote to the lesion as well as at the lesion
site. Both CST dieback and lesion size were diminished after minocycline treatment. Footprint analysis revealed improved functional outcome after minocycline treatment.
Thus, minocycline ameliorates multiple secondary events after SCI, rendering this clinically used drug an attractive candidate for SCI treatment trials.
The Journal of Neuroscience, March 3, 2004 • 24(9):2182–2190

Analysis of Cerebellar Development in math1 Null Embryos and Chimeras

Patricia Jensen,1 Richard Smeyne,2 and Dan Goldowitz1

1University of Tennessee Health Science Center, Memphis, Tennessee 38163, and 2Department of Developmental Neurobiology, St. Jude Children’s
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The cerebellar granule cell is the most numerous neuron in the nervous system and likely the source of the most common childhood brain tumor, medulloblastoma. The
earliest known gene to be expressed in the development of these cells is math1. In the math1 null mouse, neuroblasts never populate the external germinal layer (EGL) that
gives rise to granule cells. In this study, we examined the embryonic development of the math1 null cerebellum and analyzed experimental mouse chimeras made from
math1 null embryos. We find that the anterior rhombic lip gives rise to more than one cell type, indicating that the rhombic lip does not consist of a homogeneous population
of cells. Furthermore, we demonstrate that math1 null granule cells are absent in the math1 null chimeric cerebellum, from the onset of their genesis in the mouse anterior
rhombic lip. This finding indicates a vital cell intrinsic role for Math1 in the granule cell lineage. In addition, we show that wild-type cells are unable to compensate for the
loss of mutant cells. Finally, the colonization of the EGL by wild-type cells and the presence of acellular gaps provides evidence that EGL neuroblasts undergo active
migration and likely have a predetermined spatial address in the rhombic lip.
The Journal of Neuroscience, March 3, 2004 • 24(9):2202–2211

Suppression of Proinflammatory Cytokines Interleukin-1� and Tumor Necrosis Factor-� in
Astrocytes by a V1 Vasopressin Receptor Agonist: A cAMP Response Element-Binding Protein-
Dependent Mechanism

Lixia Zhao and Roberta D. Brinton
Department of Molecular Pharmacology and Toxicology, University of Southern California, Pharmaceutical Sciences Center, Los Angeles, California

90089-9121

Previous research from our laboratory has demonstrated that V1 vasopressin receptor agonist (V1 agonist) induces a complex intracellular Ca 2�-signaling cascade in
cortical astrocytes that is initiated by G-protein-coupled V1a vasopressin receptor-mediated cytoplasmic and nuclear Ca 2� rise and converges during activation of the
nuclear transcription factor cAMP response element-binding protein (CREB). In the current study, we pursued the downstream functional consequences of V1 agonist-
induced Ca 2�-signaling cascade for gene expression. Because astrocytes can exert immune effects analogous to immune cells in the periphery, we investigated V1 agonist
regulation of cytokine gene expression in astrocytes. Results from gene array studies indicated that V1 agonist dramatically decreased the mRNA level of five cytokines. Two
prominent proinflammatory cytokines, interleukin-1� (IL-1�) and tumor necrosis factor-� (TNF-�), were selected for detailed analysis, and their expression was also
confirmed with reverse transcriptase-PCR. Furthermore, ELISA analyses demonstrated that the peptide level of IL-1� and TNF-� in the astrocyte medium was also
decreased in response to V1 agonist. Using CREB antisense to determine the causal relationship between V1 agonist-induced CREB activation and suppression of IL-1� and
TNF-�, we demonstrated that decreased IL-1� and TNF-� gene expression was dependent on upstream CREB activation. V1 agonist-induced decrease of cytokine release
from cortical astrocytes was also shown to be neuroprotective in cortical neurons. To our knowledge, this is the first documentation of V1 agonist modulation of cytokine
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gene expression in any cell type. Implications for vasopressin as an antipyretic agent and the role of vasopressin in neurodegeneration, autoimmune diseases, stress, and
neuropsychiatric behaviors are discussed.
The Journal of Neuroscience, March 3, 2004 • 24(9):2226 –2235

Macrophage-Derived Tumor Necrosis Factor �, an Early Developmental Signal for
Motoneuron Death

Frédéric Sedel, Catherine Béchade, Sheela Vyas, and Antoine Triller
Laboratoire de Biologie Cellulaire de la Synapse Normale et Pathologique, Institut National de la Santé et de la Recherche Médicale Unité 497, Ecole

Normale Supérieure, 75005 Paris, France

Mechanisms inducing neuronal death at defined times during embryogenesis remain enigmatic. We show in explants that a developmental switch occurs between
embryonic day 12 (E12) and E13 in rats that is 72– 48 hr before programmed cell death. Half the motoneurons isolated from peripheral tissues at E12 escape programmed
cell death, whereas 90% of motoneurons isolated at E13 enter a death program. The surrounding somite commits E12 motoneurons to death. This effect requires
macrophage cells, is mimicked by tumor necrosis factor � (TNF�), and is inhibited by anti-TNF� antibodies. In vivo, TNF� is detected within somite macrophages, and TNF
receptor 1 (TNFR1) is detected within motoneurons precisely between E12 and E13. Although motoneuron cell death occurs normally in TNF��/� mice, this process is
significantly reduced in explants from TNF��/� and TNFR1 �/� mice. Thus, embryonic motoneurons acquire the competence to die, before the onset of programmed cell
death, from extrinsic signals such as macrophage-derived TNF�.
The Journal of Neuroscience, March 3, 2004 • 24(9):2236 –2246

Loss of Glutamatergic Pyramidal Neurons in Frontal and Temporal Cortex Resulting from
Attenuation of FGFR1 Signaling Is Associated with Spontaneous Hyperactivity in Mice

Dana M. Shin,1 Sailaja Korada,1 Rossana Raballo,1 Cooduvalli S. Shashikant,2 Antonio Simeone,5 Jane R. Taylor,3

Flora Vaccarino1,4

1Child Study Center, Departments of 2Cellular, Molecular, and Developmental Biology, 3Psychiatry, and 4Neurobiology, Yale University, New Haven,
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Fibroblast growth factor receptor (FGFR) gene products (Fgfr1, Fgfr2, Fgfr3) are widely expressed by embryonic neural progenitor cells throughout the CNS, yet their
functional role in cerebral cortical development is still unclear. To understand whether the FGF pathways play a role in cortical development, we attenuated FGFR signaling
by expressing a tyrosine kinase domain-deficient Fgfr1 (tFgfr1) gene construct during embryonic brain development. Mice carrying the tFgfr1 transgene under the control
of the Otx1 gene promoter have decreased thickness of the cerebral cortex in frontal and temporal areas because of decreased number of pyramidal neurons and
disorganization of pyramidal cell dendritic architecture. These alterations may be, in part, attributable to decreased genesis of T-Brain-1-positive early glutamatergic
neurons and, in part, to a failure to maintain radial glia fibers in medial prefrontal and temporal areas of the cortical plate. No changes were detected in cortical GABAergic
interneurons, including Cajal-Retzius cells or in the basal ganglia. Behaviorally, tFgfr1 transgenic mice displayed spontaneous and persistent locomotor hyperactivity that
apparently was not attributable to alterations in subcortical monoaminergic systems, because transgenic animals responded to both amphetamine and guanfacine, an �2A
adrenergic receptor agonist. We conclude that FGF tyrosine kinase signaling may be required for the genesis and growth of pyramidal neurons in frontal and temporal
cortical areas, and that alterations in cortical development attributable to disrupted FGF signaling are critical for the inhibitory regulation of motor behavior.
The Journal of Neuroscience, March 3, 2004 • 24(9):2247–2258

Rapid Deletion of Mossy Cells Does Not Result in a Hyperexcitable Dentate Gyrus: Implications
for Epileptogenesis

Anna d. H. Ratzliff, Allyson L. Howard, Vijayalakshmi Santhakumar, Imola Osapay, and Ivan Soltesz
Department of Anatomy and Neurobiology, University of California, Irvine, California 92697

Loss of cells from the hilus of the dentate gyrus is a major histological hallmark of human temporal lobe epilepsy. Hilar mossy cells, in particular, are thought to show
dramatic numerical reductions in pathological conditions, and one prominent theory of epileptogenesis is based on the assumption that mossy cell loss directly results in
granule cell hyperexcitability. However, whether it is the disappearance of hilar mossy cells from the dentate gyrus circuitry after various insults or the subsequent
synaptic– cellular alterations (e.g., reactive axonal sprouting) that lead to dentate hyperexcitability has not been rigorously tested, because of the lack of available
techniques to rapidly remove specific classes of nonprincipal cells from neuronal networks.

We developed a fast, cell-specific ablation technique that allowed the targeted lesioning of either mossy cells or GABAergic interneurons in horizontal as well as axial
(longitudinal) slices of the hippocampus. The results demonstrate that mossy cell deletion consistently decreased the excitability of granule cells to perforant path
stimulation both within and outside of the lamella where the mossy cell ablation took place. In contrast, ablation of interneurons caused the expected increase in excitability,
and control aspirations of the hilar neuropil or of interneurons in the presence of GABA receptor blockers caused no alteration in granule cell excitability.

These data do not support the hypothesis that loss of mossy cells from the dentate hilus after seizures or traumatic brain injury directly results in hyperexcitability.
The Journal of Neuroscience, March 3, 2004 • 24(9):2259 –2269
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Environmental Enrichment Rescues Protein Deficits in a Mouse Model of Huntington’s Disease,
Indicating a Possible Disease Mechanism

Tara L. Spires, Helen E. Grote, Neelash K. Varshney, Patricia M. Cordery, Anton van Dellen, Colin Blakemore, and
Anthony J. Hannan
University Laboratory of Physiology, University of Oxford, Oxford OX1 3PT, United Kingdom

Huntington’s disease (HD) is a devastating neurodegenerative disorder caused by a CAG repeat expansion encoding an extended polyglutamine tract in the huntingtin
protein. Transgenic mice expressing a human huntingtin transgene containing an expanded CAG repeat (R6/1 model) develop a neurodegenerative disorder closely
resembling human HD. Previous work demonstrated that environmental enrichment delays the onset of motor symptoms in this mouse model. We confirmed that at 5
months of age, enrichment ameliorates motor symptoms (assessed using the rotarod test) and prevents loss of body weight induced by the HD transgene. We further
examined molecular consequences of enrichment by determining changes in protein levels in the neostriatum, hippocampus, and anterior cortex using quantitative
Western blot analysis. Non-enriched HD mice have severe reductions in BDNF in the hippocampus and striatum at 5 months, which are entirely rescued by enrichment.
BDNF levels are unaltered by HD in the anterior cortex, suggesting that enrichment might prevent HD-induced impairment of anterograde transport of this neurotrophin
to the striatum. NGF is unaffected by HD. Non-enriched HD mice also exhibit deficits in dopamine and cAMP-regulated phosphoprotein (32 kDa) in striatum and anterior
cortex. Environmental enrichment rescues the cortical but not the striatal deficit at 5 months. These results suggest that environmental enrichment benefits animals at early
stages of the disease by rescuing protein deficits, possibly through rescuing transcription or protein transport problems.
The Journal of Neuroscience, March 3, 2004 • 24(9):2270 –2276

Generation of Reelin-Positive Marginal Zone Cells from the Caudomedial Wall of Telencephalic
Vesicles
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and Technology, Japan Science and Technology, Mitsubishi Kagaku Institute of Life Sciences, Machida, Tokyo, 194-8511, 4Department of Biological
Sciences, Faculty of Medicine, and 5Department of Molecular and System Biology, Graduate School of Biostudies, Kyoto University, Kyoto 606-8501, Japan

An early and fundamental step of the laminar organization of developing neocortex is controlled by the developmental programs that critically depend on the activities of
reelin-positive cells in the marginal zone. However, the ontogeny of reelin-positive cells remained elusive. To gain insights into the spatial and temporal regulation of
reelin-positive marginal zone cell development, we used a transgenic mouse line in which we defined the green fluorescent protein (GFP) transgene as a novel reliable
molecular marker of reelin-positive marginal zone cells from the early stages of their development. We further used exo utero electroporation-mediated gene transfer that
allows us to mark progenitor cells and monitor the descendants in the telencephalon in vivo. We show here the generation of reelin-positive marginal zone cells from the
caudomedial wall of telencephalic vesicles, including the cortical hem, where the prominent expression of GFP is initially detected. These neurons tangentially migrate at
the cortical marginal zone and are distributed throughout the entire neocortex in a caudomedial-high to rostrolateral-low gradient during the dynamic developmental
period of corticogenesis. Therefore, our findings on reelin-positive marginal zone cells, in addition to the cortical interneurons, add to the emerging view that the neocortex
consists of neuronal subtypes that originate from a focal source extrinsic to the neocortex, migrate tangentially into the neocortex, and thereby underlie neural organization
of the neocortex.
The Journal of Neuroscience, March 3, 2004 • 24(9):2286 –2295
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Receptive Field Size in V1 Neurons Limits Acuity for Perceiving Disparity Modulation

Hendrikje Nienborg,1 Holly Bridge,2 Andrew J. Parker,2 and Bruce G. Cumming1
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Physiology, University of Oxford, Oxford OX1 3PT, United Kingdom

Disparity selectivity in the striate cortex has generally been studied with uniform disparity fields covering the receptive field (RF). In four awake behaving monkeys, we
quantitatively characterized the spatial three-dimensional structure of 55 V1 RFs using random dot stereograms in which disparity varied as a sinusoidal function of
vertical position (“corrugations”). At low spatial frequencies, this produced a modulation in neuronal firing at the temporal frequency of the stimulus. As the spatial
frequency increased, the modulation reduced. The mean response rate changed little and was close to that produced by a uniform stimulus at the mean disparity of the
corrugation. In 48 of 55 (91%) neurons, the modulation strength was a lowpass function of spatial frequency. These results are compatible with a response determined only
by the weighted mean of the disparities of the dots (the weights being set by the RF envelope) and suggest that there is no disparity-based surround inhibition or selectivity
for disparity gradients. This simple weighting scheme predicts a relationship between RF size and the high-frequency cutoff. Comparison with independent measurements
of RF size was compatible with this. All of this behavior closely matches the binocular energy model. The mean cutoff frequency, 0.5 cycles per degree, is similar to equivalent
measures of decline in human psychophysical sensitivity for such depth corrugations as a function of frequency (Tyler, 1974; Prince and Rogers, 1998; Banks et al., 2004).
This suggests that human cyclopean acuity for disparity modulations is limited by the selectivity of V1 neurons. This in turn is primarily limited by the RF size, because we
find no sensitivity for disparity gradients or other disparity differences within the RFs.
The Journal of Neuroscience, March 3, 2004 • 24(9):2065–2076

http://www.jneurosci.org/cgi/content/full/24/9/2270
http://www.jneurosci.org/cgi/content/full/24/9/2270
http://www.jneurosci.org/cgi/content/full/24/9/2286
http://www.jneurosci.org/cgi/content/full/24/9/2286
http://www.jneurosci.org/cgi/content/full/24/9/2065


Why Is Spatial Stereoresolution So Low?

Martin S. Banks,1,2 Sergei Gepshtein,1 and Michael S. Landy3
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Spatial stereoresolution (the finest detectable modulation of binocular disparity) is much poorer than luminance resolution (finest detectable luminance variation). In a
series of psychophysical experiments, we examined four factors that could cause low stereoresolution: (1) the sampling properties of the stimulus, (2) the disparity gradient
limit, (3) low-pass spatial filtering by mechanisms early in the visual process, and (4) the method by which binocular matches are computed. Our experimental results reveal
the contributions of the first three factors. A theoretical analysis of binocular matching by interocular correlation reveals the contribution of the fourth: the highest
attainable stereoresolution may be limited by (1) the smallest useful correlation window in the visual system, and (2) a matching process that estimates the disparity of
image patches and assumes that disparity is constant across the patch. Both properties are observed in disparity-selective neurons in area V1 of the primate (Nienborg et
al., 2004).
The Journal of Neuroscience, March 3, 2004 • 24(9):2077–2089

Dissociating Self-Generated from Passively Applied Head Motion: Neural Mechanisms in the
Vestibular Nuclei

Jefferson E. Roy and Kathleen E. Cullen
Aerospace Medical Research Unit, Department of Physiology, McGill University, Montreal, Quebec, Canada H3G 1Y6

The ability to distinguish sensory inputs that are a consequence of our own actions from those that result from changes in the external world is essential for perceptual
stability and accurate motor control. To accomplish this, it has been proposed that an internal prediction of the consequences of our actions is compared with the actual
sensory input to cancel the resultant self-generated activation. Here, we provide evidence for this hypothesis at an early stage of processing in the vestibular system.
Previous studies have shown that neurons in the vestibular nucleus, which receive direct inputs from vestibular afferent fibers, are responsive to passively applied head
movements. However, these same neurons do not reliably encode head velocity resulting from self-generated movements of the head on the body. In this study, we
examined the mechanism that underlies the selective elimination of vestibular sensitivity to active head-on-body rotations. Individual neurons were recorded in monkeys
making active head movements. The correspondence between intended and actual head movement was experimentally controlled. We found that a cancellation signal was
gated into the vestibular nuclei only in conditions in which the activation of neck proprioceptors matched that expected on the basis of the neck motor command. This
finding suggests that vestibular signals that arise from self-generated head movements are inhibited by a mechanism that compares the internal prediction of the sensory
consequences by the brain to the actual resultant sensory feedback. Because self-generated vestibular inputs are selectively cancelled early in processing, we propose that
this gating is important for the computation of spatial orientation and control of posture by higher-order structures.
The Journal of Neuroscience, March 3, 2004 • 24(9):2102–2111

Corticospinal System Development Depends on Motor Experience

John H. Martin,1,3 Michelle Choy,1 Seth Pullman,2 and Zhuo Meng1

1Center for Neurobiology and Behavior, Columbia University, 2Department of Neurology, Columbia University, and 3New York State Psychiatric Institute,
New York, New York 10032

Early motor experiences have been shown to be important for the development of motor skills in humans and animals. However, little is known about the role of motor
experience in motor system development. In this study, we address the question of whether early motor experience is important in shaping the development of the
corticospinal (CS) tract. We prevented limb use by the intramuscular injection of botulinum toxin A into selected forelimb muscles to produce muscle paralysis during the
period of development of CS connection specificity, which is between postnatal weeks 3 and 7. CS terminations were examined using an anterograde tracer. Preventing
normal forelimb use during CS axon development produced defective development of CS terminations at week 8 and in maturity. There were reductions in the topographic
distribution of axon terminals, in terminal and preterminal branching, and in varicosity density. This suggests that limb use is needed to refine CS terminals into
topographically specific clusters of dense terminal branches and varicosities. To determine correlated effects on motor behavior, cats were tested in a prehension task, to
reach and grasp a piece of food from a narrow food well, when the neuromuscular blockade dissipated (by week 10) and in maturity (week 16). Preventing normal limb use
also produced a prehension deficit later in development and in maturity, in which there was a loss of the supination component of grasping. This component of prehension
in the cat depends on CS projections from the paw representation of rostral motor cortex to the cervical enlargement. Our findings show that motor experiences are
necessary for normal development of CS terminations and function.
The Journal of Neuroscience, March 3, 2004 • 24(9):2122–2132

Asymmetry in Visual Cortical Circuits Underlying Motion-Induced Perceptual Mislocalization

Yu-Xi Fu, Yaosong Shen, Hongfeng Gao, and Yang Dan
Division of Neurobiology, Department of Molecular and Cell Biology, University of California, Berkeley, California 94720-3200

Motion signals in the visual field can cause strong biases in the perceived positions of stationary objects. Local motion signal within an object induces a shift in the perceived
object position in the direction of motion, whereas adaptation to motion stimuli causes a perceptual shift in the opposite direction. The neural mechanisms underlying these
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illusions are poorly understood. Here we report two novel receptive field (RF) properties in cat primary visual cortex that may account for these motion-position illusions.
First, motion signal in a stationary test stimulus causes a displacement of the RF in the direction opposite to motion. Second, motion adaptation induces a shift of the RF in
the direction of adaptation. Comparison with human psychophysical measurements under similar conditions indicates that these RF properties can primarily account for
the motion-position illusions. Importantly, both RF properties indicate a spatial asymmetry in the synaptic connections from direction-selective cells, and this circuit
feature can be predicted by spike-timing-dependent synaptic plasticity, a widespread phenomenon in the nervous system. Thus, motion-induced perceptual mislocaliza-
tion may be mediated by asymmetric cortical circuits, as a natural consequence of experience-dependent synaptic modification during circuit development.
The Journal of Neuroscience, March 3, 2004 • 24(9):2165–2171

Role of Tumor Necrosis Factor-� in Methamphetamine-Induced Drug Dependence and
Neurotoxicity
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Tumor necrosis factor-� (TNF-�), a proinflammatory cytokine, is now emerging as an important modulator of the function of the CNS. Methamphetamine (METH) is a
widely abused psychostimulant that causes euphoria, hyperactivity, and drug dependence. High doses of METH cause long-term neurotoxicity in dopaminergic neurons.
In this study, we investigated a role of TNF-� in METH-induced dependence and neurotoxicity. Repeated treatment with METH (2 mg/kg for 5 d) in rats induced a
significant increase in TNF-� mRNA and protein expression in the brain. Exogenous TNF-� (1– 4 �g) blocked locomotor-stimulating and rewarding effects of METH, as
well as METH (4 mg/kg; four times at 2 hr intervals)-induced dopaminergic neurotoxicity in mice. To examine a role of endogenous TNF-� in behavioral and neurochemical
effects of METH, we used mice with targeted deletions of the TNF-� gene. TNF-�-(�/�) mice showed enhanced responses to the locomotor-sensitizing, rewarding, and
neurotoxic effects of METH compared with wild-type mice. We also examined the role of TNF-� in METH-induced dopamine (DA) release and uptake in vitro and in vivo
in C57BL/6 mice. Exogenous TNF-� (4 �g) attenuated the METH-induced increase in extracellular striatal DA in vivo and potentiated striatal DA uptake into synaptosomes
in vitro and in vivo. Furthermore, TNF-� activated vesicular DA uptake by itself and diminished the METH-induced decrease in vesicular DA uptake. Our findings suggest
that TNF-� plays a neuroprotective role in METH-induced drug dependence and neurotoxicity by activating plasmalemmal and vesicular DA transporter as well as
inhibiting METH-induced increase in extracellular DA levels.
The Journal of Neuroscience, March 3, 2004 • 24(9):2212–2225

Allelic Variation of the Tas1r3 Taste Receptor Gene Selectively Affects Behavioral and Neural
Taste Responses to Sweeteners in the F2 Hybrids between C57BL/6ByJ and 129P3/J Mice
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Recent studies have shown that the T1R3 receptor protein encoded by the Tas1r3 gene is involved in transduction of sweet taste. To assess ligand specificity of the T1R3
receptor, we analyzed the association of Tas1r3 allelic variants with taste responses in mice. In the F2 hybrids between the C57BL/6ByJ (B6) and 129P3/J (129) inbred mouse
strains, we determined genotypes of markers on chromosome 4, where Tas1r3 resides, measured consumption of taste solutions presented in two-bottle preference tests,
and recorded integrated responses of the chorda tympani gustatory nerve to lingual application of taste stimuli. For intakes and preferences, significant linkages to Tas1r3
were found for the sweeteners sucrose, saccharin, and D-phenylalanine but not glycine. For chorda tympani responses, significant linkages to Tas1r3 were found for the
sweeteners sucrose, saccharin, D-phenylalanine, D-tryptophan, and SC-45647 but not glycine, L-proline, L-alanine, or L-glutamine. No linkages to distal chromosome 4 were
detected for behavioral or neural responses to non-sweet quinine, citric acid, HCl, NaCl, KCl, monosodium glutamate, inosine 5�-monophosphate, or ammonium gluta-
mate. These results demonstrate that allelic variation of the Tas1r3 gene affects gustatory neural and behavioral responses to some, but not all, sweeteners. This study
describes the range of ligand sensitivity of the T1R3 receptor using an in vivo approach and, to our knowledge, is the first genetic mapping study of activity in gustatory
nerves.
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Numerous GABAergic Afferents to Locus Ceruleus in the Pericerulear Dendritic Zone: Possible
Interneuronal Pool

Gary Aston-Jones,1 Yan Zhu,1 and J. Patrick Card2

1Department of Psychiatry, University of Pennsylvania, Philadelphia, Pennsylvania 19104, and 2Department of Neuroscience, University of Pittsburgh,

Pittsburgh, Pennsylvania 15260

Most nuclei in the CNS are composed of principal neurons that project to other areas and interneurons that serve to integrate information among afferents. The norad-
renergic brain nucleus locus ceruleus (LC) has appeared to be an exception to this general rule, because the LC is composed almost entirely of noradrenergic principal
neurons. Here, we report that numerous small neurons in the peri-LC region become retrogradely labeled after focal injections of wheat germ agglutinin–apo (inactivated)
horseradish peroxidase conjugated to colloidal gold, or pseudorabies virus (PRV), into the nuclear core of the rat LC. A substantial number of these neurons were routinely
found within the dendritic field of the LC, in the area surrounding the compact cell-dense region classically defined as LC. Double labeling revealed that a large percentage
of these cells stained for GABA. Ultrastructural analyses revealed axodendritic and axosomatic contacts between PRV-labeled afferents and LC neurons labeled with
tyrosine hydroxylase immunohistochemistry. In addition, PRV-labeled neurons or axons were immunopositive for GABA in ultrastructural localizations. Analysis of the
synaptology of immunopositive profiles demonstrated that these LC afferents in the peri-LC region receive several non-LC synaptic inputs. These results indicate that a
population of small GABAergic neurons in the peri-LC dendritic zone may provide interneuronal integration for LC noradrenergic neurons.
The Journal of Neuroscience, March 3, 2004 • 24(9):2313–2321

Intra-Amygdala Administration of Polyamines Modulates Fear Conditioning in Rats

Maribel A. Rubin,1 Daiane B. Berlese,1 Juliano A. Stiegemeier,1 Márcio A. Volkweis,1 Denise M. Oliveira,1

Telma L. B. dos Santos,1 Ana C. Fenili,1 and Carlos F. Mello2

1Department of Chemistry, Center of Exact and Natural Sciences, and 2Department of Physiology, Center of Health Sciences, Federal University of Santa

Maria, 97105-900, Santa Maria, Rio Grande do Sul, Brazil

Amygdalar NMDA receptor activation has been implicated in the acquisition of fear memories in rats. However, little is known about the role of endogenous modulators of
the NMDA receptor, such as polyamines, in pavlovian fear-conditioning learning. Therefore, in the present study we investigated whether the immediate pretraining or
post-training bilateral infusion of arcaine, an antagonist of the NMDA receptor polyamine-binding site, or spermidine, an agonist of the NMDA receptor polyamine-binding
site, into the amygdala affected classical fear conditioning in rats. Bilateral microinjections of arcaine (0.0002– 0.2 nmol) decreased, whereas spermidine (0.002–20 nmol)
increased, contextual and auditory fear conditioning. Arcaine coadministration, at a dose that had no effect per se, reversed the facilitatory effect of spermidine. These
results provide evidence that endogenous and exogenous polyamines modulate the acquisition or early consolidation (or both) of the fear-conditioning task in the
amygdala.
The Journal of Neuroscience, March 3, 2004 • 24(9):2328 –2334

Avoidance Response in Goldfish: Emotional and Temporal Involvement of Medial and Lateral
Telencephalic Pallium

Manuel Portavella,1 Blas Torres,2 and Cosme Salas1

1Laboratorio de Psicobiologı́a, Departamento de Psicologı́a Experimental, Universidad de Sevilla, E-41018 Seville, Spain, and 2Laboratorio de

Neurobiologı́a, Departamento de Fisiologı́a y Zoologı́a, Universidad de Sevilla, E-41012 Seville, Spain

The hippocampus and the amygdala are involved in avoidance learning in mammals. The medial and lateral pallia of actinopterygian fish have been proposed as
homologous to the mammalian pallial amygdala and hippocampus, respectively, on the basis of neuroanatomical findings. This work was aimed at studying the effects of
ablation of the medial telencephalic pallia (MP) and lateral telencephalic pallia (LP) in goldfish on the retention of a conditioned avoidance response previously acquired
in two experimental conditions. In the first experiment, fish were trained in nontrace avoidance conditioning. In the second experiment, fish were trained in trace avoidance
conditioning in which temporal cues were crucial for the learning process. An MP lesion affected the retention of the avoidance response in both procedures; in contrast, an
LP lesion impaired the retention only in the trace-conditioning procedure. These data support the presence of two different systems of memory in fish, based on discrete
telencephalic areas: the MP, involved in an emotional memory system; and the LP, involved in a spatial, relational, or temporal memory system. Moreover, these differential
effects were similar to those produced by amygdalar and hippocampal lesions in mammals. We conclude that these specialized systems of memory could have appeared
early during phylogenesis and could have been conserved throughout vertebrate evolution.
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NEUROBIOLOGY OF DISEASE

Engineering Novel Spinal Circuits to Promote Recovery after Spinal Injury

Lucas Campos,1 Zhuo Meng,1 Guoli Hu,2 David T. W. Chiu,2 Richard T. Ambron,2 and John H. Martin1,3

1Center for Neurobiology and Behavior, 2Department of Anatomy and Cell Biology, Columbia University, New York, New York 10032, and 3New York State
Psychiatric Institute, New York, New York 10032

We have developed an innovative way to establish a functional bridge around a spinal lesion. We disconnected the T13 nerve from its muscle targets, leaving the proximal
end intact. The cut end was inserted either into an intact spinal cord, to assess regeneration of T13 axons into the cord and synapse formation with spinal neurons, or caudal
to a hemisection at L2/3, to assess restoration of function below the injury. Four to 28 weeks later, anterograde tracers indicated that axons from the inserted T13 nerve
regenerated into the ventral horn, the intermediate zone, and dorsal horn base, both in intact and hemisected animals. Antibodies to cholinergic markers showed that many
regenerating axons were from T13 motoneurons. Electrical stimulation of the T13 nerve proximal to the insertion site 4 weeks or more after insertion into the intact cord
evoked local field potentials in the intermediate zone and ventral horn, which is where T13 axons terminated. Stimulation of T13 in 71% of the animals (8 hemisected, 7
intact) evoked contraction of the back or leg muscles, depending on the level of insertion. Animals in which T13 was inserted caudal to hemisection had significantly less
spasticity and muscle wasting and greater mobility at the hip, knee, ankle, and digits in the ipsilateral hindlimb than did animals with a hemisection only. Thus, T13 motor
axons form novel synapses with lumbosacral motor circuits. Because the T13 motor neurons retain their connections to the brain, these novel circuits might restore
voluntary control to muscles paralyzed below a spinal lesion.
The Journal of Neuroscience, March 3, 2004 • 24(9):2090 –2101
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