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cAMP and a Retinal Clock
Chiaki Fukuhara, Cuimei Liu, Tamara
N. Ivanova, Guy C.-K. Chan, Daniel R.
Storm, P. Michael Iuvone, and Gianluca
Tosini
(see pages 1803–1811)

In photoreceptors, an autonomous circa-
dian clock interacts with the light/dark cy-
cle to control aspects of retinal function.
The circadian pattern of melatonin syn-
thesis in photoreceptors is regulated by
arylalkylamine N-acetyltransferase (AA-
NAT). Transcription of AA-NAT is under
dual control by CLOCK and BMAL1 tran-
scription factors at an E-box transcrip-
tional site, and by a cAMP:cAMP response
element (CRE)-mediated site. Fukuhara
et al. now report that the gene for type 1
adenylyl cyclase (AC1) also contains an
E-box site, and it too is controlled by the
CLOCK:BMAL1 complex. The clock
genes exerted rhythmic control of AC1 ex-
pression, and thus cAMP synthesis, in the
retina as well as in the pineal gland and
suprachiasmatic nucleus. Because AC1 is
calcium dependent, the nighttime in-
crease in photoreceptor cytoplasmic cal-
cium, induced by the depolarizing dark
current, increases cAMP and thus melato-
nin synthesis. The authors suggest that
clock control of cAMP signaling may
serve a general role in the integration of
circadian signals.

Œ Development/Plasticity/Repair

p75: Lessons from a Knock-Out That
Wasn’t a Knock-Out
Christine E. Paul, Emily Vereker,
Kathleen M. Dickson, and Philip A.
Barker
(see pages 1917–1923)

The p75 neurotrophin receptor (p75NTR)
remains an enigma. It binds all neurotro-
phins and can activate seemingly opposing
signaling cascades. Several transgenic
mouse models have been created to ad-
dress the function of p75NTR in vivo. An
exon III�/� mouse expresses no full-

length protein but was later found to pro-
duce a spliced isoform lacking the external
neurotrophin-binding site. More recently, a
mouse with a mutation in exon IV was
thought to be entirely p75NTR deficient,
but it now appears that its high mortality
and severe defects may result in part from an
unexpected gain-of-function. Paul et al.
identified a 26 kDa protein in exon IV�/�

mice that contains the transmembrane
and intracellular domains of p75NTR.
Transcription of the fragment was driven
by a sequence within the inserted pGK-Neo
cassette in exon IV. Overexpression of the
fragment activated p75NTR-mediated sig-
naling cascades leading to apoptosis. The
exon IV�/� mouse, although perhaps not
the true null it was thought to be, may still
help reveal the complex signaling of
p75NTR.

f Behavioral/Systems/Cognitive

Motivation, the Brain, and the
Adolescent
James M. Bjork, Brian Knutson, Grace
W. Fong, Daniel M. Caggiano, Shannon
M. Bennett, and Daniel W. Hommer
(see pages 1793–1802)

What motivates teenagers is a question
that can baffle parents and teachers. Phys-
ical differences in the motivational circuit
of the ventral striatum have been sug-
gested as underlying the tendency of some
teens to take risks without fully consider-
ing the consequences. Does risk-taking re-
sult from an “overactive” motivational
circuitry or from a hypoactive circuit that
requires high-risk/high-reward incen-
tives? In this week’s Journal, Bjork et al.
compared teen and adult brain activity in
the ventral striatum during a money-
motivated game. In all subjects, anticipa-
tion of monetary gain (20 cents, $1, or $5)
caused activation of the ventral striatum,
whereas notification of gain activated the
mesial frontal cortex. However, teens aged
12–17 showed less activation in the right
nucleus accumbens in anticipation of
monetary gain than did young adults. The
authors suggest that adolescents show
reduced recruitment of motivational

reward-directed behavior. Okay, but
maybe the authors should have tried $20!

� Neurobiology of Disease

Friedreich Ataxia in the Mouse
Delphine Simon, Hervé Seznec, Anne
Gansmuller, Nadège Carelle, Philipp
Weber, Daniel Metzger, Pierre Rustin,
Michel Koenig, and Hélène Puccio
(see pages 1987–1995)

Friedreich’s ataxia (FRDA) is named for
the resulting progressive balance deficits
and sensory neuropathy, but it is also as-
sociated with diabetes and cardiomyopa-
thy. The disease is most commonly caused
by GAA triplet expansion in the first in-
tron of frataxin, leading to reduced tran-
scription. Frataxin is a mitochondrial pro-
tein that is involved in iron–sulfur
complex (ISC) assembly. Reduced func-
tion of the ISC can cause oxidative stress
and iron accumulation. Although the cel-
lular effects have been studied in yeast, an
animal model would facilitate studies of
disease mechanisms. Because frataxin-
deficient mice do not survive long enough
to allow detailed study, Simon et al. cre-
ated two conditional, neuron-specific
knock-out mice. The mice have a normal
life expectancy, but they show ataxia and
progressive sensory loss as in FRDA. The
death of large sensory neurons in the dor-
sal root ganglia appeared to be autophagic
rather than apoptotic. These mice should
help unravel the pathophysiology of
FRDA.

Blood oxygen level-dependent (BOLD) signals in subjects
who were anticipating responding for monetary gain. Signals
in the ventral striatum were bilaterally enhanced in adults (B)
compared with adolescents (A).
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Cover picture: Optical recording of synaptic NMDA
receptor activation in an acute hippocampal slice. CA1
pyramidal cells (background image) are loaded with a

mixture of calcium-sensitive (green) and calcium-
insensitive (red) dye. The stochastic responses of

several synapses to extracellular stimulation of the
presynaptic axons are revealed by the increase in

fluorescence intensity of the calcium-sensitive dye
(yellow spines). Ten separate trials are shown in

separate frames. For details, see the article by
Nimchinsky et al. in this issue (pages 2054 –2064).
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Brief Communications

A Rapid and Precise On-Response in Posterior
Parietal Cortex

James W. Bisley,1 B. Suresh Krishna,1 and Michael E. Goldberg1,2

1Mahoney Center for Brain and Behavior, Center for Neurobiology and Behavior, Columbia University College of Physicians and Surgeons, and the New

York State Psychiatric Institute, New York, New York 10032, and 2Departments of Neurology and Psychiatry, Columbia University College of Physicians and

Surgeons, New York, New York 10032

The activity of neurons in the lateral intraparietal area (LIP) of the monkey predicts the monkey’s allocation of spatial attention. We show here that despite being relatively
high within the visual hierarchy, neurons in LIP have extremely short and precise visual latencies. Mean latency was 45.2 msec; the timing precision of the onset response
was usually better than 4 msec. The majority of neurons had a pause in response after an initial burst, followed by more sustained visual activity. Previous attention
allocation had no effect on either the latency or magnitude of the initial burst, but produced clear effects on the magnitude of the later sustained activity. Together, these data
indicate that the initial burst in LIP visual response reflects an uncontaminated sensory signal. Information about stimulus onset is transmitted rapidly through the visual
system to LIP; the on-response has a higher speed and temporal precision than realized previously. This information could be used to orient attention to novel objects in the
visual environment rapidly and reliably.
The Journal of Neuroscience, February 25, 2004 • 24(8):1833–1838

A Pro-Apoptotic Fragment of the p75 Neurotrophin Receptor Is Expressed in p75NTRExonIV Null
Mice

Christine E. Paul, Emily Vereker, Kathleen M. Dickson, and Philip A. Barker
Centre for Neuronal Survival, Montreal Neurological Institute, McGill University, Montreal, Quebec, Canada H3A 2B4

The p75 neurotrophin receptor (p75NTR) regulates neuronal survival, apoptosis, and growth. Recent studies have reported that disruption of Exon IV produces a null
mouse lacking all p75NTR gene products (p75NTR ExonIV�/�), whereas mice lacking p75NTR Exon III (p75NTR ExonIII�/�) maintain expression of an alternatively spliced
form of p75NTR (s-p75NTR). Here, we report that p75NTR ExonIV�/� mice express a p75NTR gene product that encodes a truncated protein containing the extracellular
stalk region together with the entire transmembrane and intracellular domains. The gene product is initiated from a cryptic Kozak consensus/initiator ATG sequence within
a region of Exon IV located 3� to the pGK-Neo insertion site. Overexpression of this fragment in heterologous cells results in activation of Jun kinase and induces
Pro-caspase-3 cleavage, indicating that it activates p75NTR signaling cascades. These results indicate that aspects of the p75NTR ExonIV�/� phenotype may reflect a
gain-of-function mutation rather than loss of p75NTR function.
The Journal of Neuroscience, February 25, 2004 • 24(8):1917–1923

Loss of Kv3.1 Tonotopicity and Alterations in cAMP Response Element-Binding Protein
Signaling in Central Auditory Neurons of Hearing Impaired Mice

Christian A. A. von Hehn,* Arin Bhattacharjee,* and Leonard K. Kaczmarek
Department of Pharmacology, Yale University School of Medicine, New Haven, Connecticut, 06520

The promoter for the kv3.1 potassium channel gene is regulated by a Ca 2�– cAMP responsive element, which binds the transcription factor cAMP response element-
binding protein (CREB). Kv3.1 is expressed in a tonotopic gradient within the medial nucleus of the trapezoid body (MNTB) of the auditory brainstem, where Kv3.1 levels
are highest at the medial end, which corresponds to high auditory frequencies. We have compared the levels of Kv3.1, CREB, and the phosphorylated form of CREB (pCREB)
in a mouse strain that maintains good hearing throughout life, CBA/J (CBA), with one that suffers early cochlear hair cell loss, C57BL/6 (BL/6). A gradient of Kv3.1
immunoreactivity in the MNTB was detected in both young (6 week) and older (8 month) CBA mice. Although no gradient of CREB was detected, pCREB-immunopositive
cells were grouped together in distinct clusters along the tonotopic axis. The same pattern of Kv3.1, CREB, and pCREB localization was also found in young BL/6 mice at a
time (6 weeks) when hearing is normal. In contrast, at 8 months, when hearing is impaired, the gradient of Kv3.1 was abolished. Moreover, in the older BL/6 mice there was
a decrease in CREB expression along the tonotopic axis, and the pattern of pCREB labeling appeared random, with no discrete clusters of pCREB-positive cells along the
tonotopic axis. Our findings are consistent with the hypothesis that ongoing activity in auditory brainstem neurons is necessary for the maintenance of Kv3.1 tonotopicity
through the CREB pathway.
The Journal of Neuroscience, February 25, 2004 • 24(8):1936 –1940
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Distinct Roles of Hippocampal De Novo Protein Synthesis and Actin Rearrangement in
Extinction of Contextual Fear

André Fischer, Farahnaz Sananbenesi, Christina Schrick, Joachim Spiess, and Jelena Radulovic
Laboratory on Cell Biological Mechanisms of Memory, Department of Molecular Neuroendocrinology, Max Planck Institute for Experimental Medicine,
37075 Goettingen, Germany

It is believed that de novo protein synthesis is fundamentally linked to synaptic changes in neuronal circuits involved in acquisition and extinction of conditioned responses.
Recent studies show that neuronal plasticity may be also altered by cytoskeletal rearrangement independently of protein synthesis. We investigated the role of these
processes in the hippocampus during acquisition and extinction of context-dependent conditioned fear in mice. Intrahippocampal injections of the protein synthesis
inhibitors anisomycin and puromycin, or of the actin rearrangement inhibitors cytochalasin D and latrunculin A, prevented the acquisition of context-dependent fear.
Unexpectedly, anisomycin and puromycin enhanced extinction without erasing the fear memory. In contrast, cytochalasin D and latrunculin A prevented extinction of
context-dependent freezing. On the basis of these findings, it is suggested that certain hippocampal mechanisms mediating extinction of conditioned contextual fear are
inhibited by protein synthesis and involve actin rearrangement. Such mechanisms might predominantly elicit modifications of hippocampal circuits that store the
conditioning memory.
The Journal of Neuroscience, February 25, 2004 • 24(8):1962–1966
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Gating of the cAMP Signaling Cascade and Melatonin Synthesis by the Circadian Clock in
Mammalian Retina

Chiaki Fukuhara,1 Cuimei Liu,1 Tamara N. Ivanova,2 Guy C.-K. Chan,3 Daniel R. Storm,3 P. Michael Iuvone,2 and
Gianluca Tosini1

1 Neuroscience Institute and National Science Foundation Center for Behavioral Neuroscience, Morehouse School of Medicine, Atlanta, Georgia 30310-

1495, 2 Department of Pharmacology, Emory University School of Medicine, Atlanta, Georgia, 30322, and 3Department of Pharmacology, University of

Washington, Seattle, Washington, 98195

Melatonin is synthesized in retinal photoreceptor cells and acts as a neuromodulator imparting photoperiodic information to the retina. The synthesis of melatonin is
controlled by an ocular circadian clock and by light in a finely tuned mechanism that ensures that melatonin is synthesized and acts only at night in darkness. Here we report
that the circadian clock gates melatonin synthesis in part by regulating the expression of the type 1 adenylyl cyclase (AC1) and the synthesis of cAMP in photoreceptor cells.
This gating is effected through EA-box-mediated transcriptional activation of the AC1 gene, which undergoes robust daily fluctuations that persist in constant illumination.
The circadian control of the cAMP signaling cascade indicates that the clock has a more general and profound impact on retinal functions than previously thought. In
addition, rhythmic control of AC1 expression was observed in other parts of the central circadian axis, the suprachiasmatic nucleus and pineal gland, but not in other brain
areas examined. Thus, clock control of the cAMP signaling cascade may play a central role in the integration of circadian signals that control physiology and behavior.
The Journal of Neuroscience, February 25, 2004 • 24(8):1803–1811

Clearance of �-Synuclein Oligomeric Intermediates via the Lysosomal Degradation Pathway

He-Jin Lee, Farnaz Khoshaghideh, Smita Patel, and Seung-Jae Lee
The Parkinson’s Institute, Sunnyvale, California 94089

Cytoplasmic deposition of �-synuclein aggregates is a common pathological feature of many neurodegenerative diseases. Strong evidence for the causative role of
�-synuclein in these disorders is provided by genetic linkage between this gene and familial Parkinson’s disease and by neurodegeneration in transgenic animals that
overexpress this protein. In particular, it has been hypothesized that the accumulation of nonfibrillar oligomers of �-synuclein, which serve as intermediates for fibrillar
inclusion body formation, causes neurodegeneration. However, little is known about how cells handle potentially toxic protein aggregates. Here we demonstrate that cells
are capable of clearing preformed �-synuclein aggregates via the lysosomal degradation pathway. Consequently, blocking this pathway causes the accumulation of the
aggregates in non-neuronal cells, differentiated neuroblastoma cells, and primary cortical neurons. This aggregate clearance occurs in an aggregation stage-specific
manner; oligomeric intermediates are susceptible to clearance, whereas mature fibrillar inclusion bodies are not. Neutralization of the acidic compartments leads to the
accumulation of �-synuclein aggregates and exacerbates �-synuclein toxicity in postmitotic neuronal cells, suggesting that the accumulation of oligomeric intermediates
may be an important event leading to �-synuclein-mediated cell death. These results suggest that enhancing lysosomal function may be a potential therapeutic strategy to
halt or even prevent the pathogenesis of Parkinson’s disease and other Lewy body diseases.
The Journal of Neuroscience, February 25, 2004 • 24(8):1888 –1896
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Reelin and Cyclin-Dependent Kinase 5-Dependent Signals Cooperate in Regulating Neuronal
Migration and Synaptic Transmission

Uwe Beffert,1 Edwin J. Weeber,3 Gerardo Morfini,2 Jane Ko,4 Scott T. Brady,2 Li-Huei Tsai,4 J. David Sweatt,3 and
Joachim Herz1

1Department of Molecular Genetics, University of Texas Southwestern Medical Center, Dallas, Texas 75390-9046, 2Department of Anatomy and Cell

Biology, University of Illinois, Chicago, Illinois 60612, 3Division of Neuroscience, Baylor College of Medicine, Houston, Texas 77030, and 4Department of

Pathology, Harvard Medical School, Howard Hughes Medical Institute, Boston, Massachusetts 02115

Neuronal migration and positioning in the developing brain require the coordinated interaction of multiple cellular signaling pathways. The extracellular signaling
molecule Reelin and the cytoplasmic serine/threonine kinase Cdk5 (cyclin-dependent kinase 5) are both required for normal neuronal positioning, lamination of the
neocortex, and foliation of the cerebellum. They also modulate synaptic transmission in the adult brain. It is not known, however, to what extent Cdk5 participates in Reelin
signaling and whether both pathways interact on the genetic or biochemical level. We have used genetically altered mice to generate compound functional defects of Reelin
and Cdk5 signaling. Differential neurohistochemical staging combined with the biochemical analysis of Reelin- and Cdk5-dependent signaling in primary embryonic
neurons and electrophysiology in hippocampal slices reveals evidence for genetic and functional interaction between both pathways. Inhibition of Reelin or Cdk5 signaling
had no discernible biochemical effect on each other. Taken together, these findings suggest that both pathways function together in a parallel, rather than a simple, linear
manner to coordinate neuronal migration and neurotransmission in the developing and mature brain.
The Journal of Neuroscience, February 25, 2004 • 24(8):1897–1906

Monitoring Clathrin-Mediated Endocytosis during Synaptic Activity

Veronika J. Mueller, Martin Wienisch, Ralf B. Nehring, and Jurgen Klingauf
Department of Membrane Biophysics, Max-Planck Institute for Biophysical Chemistry, D-37077 Goettingen, Germany

To visualize clathrin redistribution during endocytosis in hippocampal boutons, we used a fusion protein of clathrin light chain with enhanced green fluorescent protein.
Both high potassium and electric field stimulation lead after a stimulus-dependent delay to a transient increase of fluorescence in synapses, but a slight and transient
decrease in adjacent axonal segments. We conclude that the rise and fall of the signal in boutons, with decay kinetics remarkably similar to previous estimates of the
endocytic time course, reflects coat assembly and disassembly. Thus, we could selectively measure clathrin-mediated endocytosis and separate its kinetics from other
modes of membrane retrieval in CNS synapses. A long-lasting delay preceding the fluorescent transients shows that endocytosis during the first few seconds of continuing
stimulation cannot be mediated by newly formed clathrin-coated pits. Therefore, a fast mode of endocytosis is either clathrin-independent or involves preassembled (easily
retrievable) clathrin lattices at sites of endocytosis.
The Journal of Neuroscience, February 25, 2004 • 24(8):2004 –2012

The Number of Glutamate Receptors Opened by Synaptic Stimulation in Single Hippocampal
Spines

Esther A. Nimchinsky, Ryohei Yasuda, Thomas G. Oertner, and Karel Svoboda
Howard Hughes Medical Institute, The Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 11724

The number of receptors opening after glutamate release is critical for understanding the sources of noise and the dynamic range of synaptic transmission. We imaged
[Ca 2�] transients mediated by synaptically activated NMDA receptors (NMDA-Rs) in individual spines in rat brain slices. We show that Ca 2� influx through single
NMDA-Rs can be reliably detected, allowing us to estimate the number of receptors opening after synaptic transmission. This number is small: at the peak of the synaptic
response, less than one NMDA-R is open, on average. Therefore, stochastic interactions between transmitter and receptor contribute substantially to synaptic noise, and
glutamate occupies a small fraction of receptors. The number of receptors opening did not scale with spine volume, and smaller spines experience larger [Ca 2�] transients
during synaptic transmission. Our measurements further demonstrate that optical recordings can be used to study single receptors in intact systems.
The Journal of Neuroscience, February 25, 2004 • 24(8):2054 –2064
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Functional Reorganization of Visual Cortex Maps after Ischemic Lesions Is Accompanied by
Changes in Expression of Cytoskeletal Proteins and NMDA and GABAA

Receptor Subunits

Angelica Zepeda,1,3 Frank Sengpiel,3,4 Miguel Angel Guagnelli,1 Luis Vaca,2 and Clorinda Arias1

1Departamento de Biologı́a Celular y Fisiologı́a, Instituto de Investigaciones Biomédicas, 2Departamento de Biologı́a Celular, Instituto de Fisiologı́a Celular,

Universidad Nacional Autónoma de México, 04510-México, Distrito Federal, México, 3Max-Planck-Institut für Neurobiologie, 82152 München-

Martinsried, Germany, and 4Cardiff School of Biosciences, Cardiff University, Cardiff CF10 3US, United Kingdom

Reorganization of cortical representations after focal visual cortex lesions has been documented. It has been suggested that functional reorganization may rely on cellular
mechanisms involving modifications in the excitatory/inhibitory neurotransmission balance and on morphological changes of neurons peripheral to the lesion. We
explored functional reorganization of cortical retinotopic maps after a focal ischemic lesion in primary visual cortex of kittens using optical imaging of intrinsic signals.
After 1, 2, and 5 weeks postlesion (wPL), we addressed whether functional reorganization correlated in time with changes in the expression of MAP-2, GAP-43, GFAP,
GABAA receptor subunit �1 (GABAA�1), subunit 1 of the NMDA receptor (NMDAR1), and in neurotransmitter levels at the border of the lesion. Our results show that: (1)
retinotopic maps reorganize with time after an ischemic lesion; (2) MAP-2 levels increase gradually from 1wPL to 5wPL; (3) MAP-2 upregulation is associated with an
increase in dendritic-like structures surrounding the lesion and a decrease in GFAP-positive cells; (4) GAP-43 levels reach the highest point at 2wPL; (5) NMDAR1 and
glutamate contents increase in parallel from 1wPL to 5wPL; (6) GABAA�1 levels increase from 1wPL to 2wPL but do not change after this time point; and (7) GABA contents
remain low from 1wPL to 5wPL. This is a comprehensive study showing for the first time that functional reorganization correlates in time with dendritic sprouting and with
changes in the excitatory/inhibitory neurotransmission systems previously proposed to participate in cortical remodeling and suggests mechanisms by which plasticity of
cortical representations may occur.
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Distinct Roles of Different Neural Cell Adhesion Molecule (NCAM) Isoforms in Synaptic
Maturation Revealed by Analysis of NCAM 180 kDa Isoform-Deficient Mice

Luis Polo-Parada, Christian M. Bose, Florian Plattner, and Lynn T. Landmesser
Department of Neurosciences, Case Western Reserve University, School of Medicine, Cleveland, Ohio 44106

Mice that lack all three major isoforms of neural cell adhesion molecule (NCAM) (180 and 140 kDa transmembrane, and 120 kDa glycosylphosphatidylinositol linked) were
previously shown to exhibit major alterations in the maturation of their neuromuscular junctions (NMJs). Specifically, even by postnatal day 30, they failed to downregulate
from along their axons and terminals an immature, brefeldin A-sensitive, synaptic vesicle-cycling mechanism that used L-type Ca 2� channels. In addition, these NCAM null
NMJs were unable to maintain effective transmitter output with high-frequency repetitive stimulation, exhibiting both severe initial depression and subsequent cyclical
periods of total transmission failures that were of presynaptic origin. As reported here, mice that lack only the 180 kDa isoform of NCAM downregulated the immature
vesicle-cycling mechanism on schedule, implicating either the 140 or 120 kDa NCAM isoforms in this important maturational event. However, 180 NCAM-deficient mice
still exhibited many functional transmission defects. Although 180 NCAM null NMJs did not show the severe initial depression of NCAM null NMJs, they still had cyclical
periods of complete transmission failure. In addition, several presynaptic molecules were expressed at lower levels or were more diffusely localized. Thus, the 180 kDa
isoform of NCAM appears to play an important role in the molecular organization of the presynaptic terminal and in ensuring effective transmitter output with repetitive
stimulation. Our results also suggest that PKC and MLCK (myosin light chain kinase) may be downstream effectors of NCAM in these processes. Together, these results
indicate that different isoforms of NCAM mediate distinct and important events in presynaptic maturation.
The Journal of Neuroscience, February 25, 2004 • 24(8):1852–1864

Oxidized Galectin-1 Stimulates Macrophages to Promote Axonal Regeneration in Peripheral
Nerves after Axotomy

Hidenori Horie,1,3,4 Toshihiko Kadoya,5 Naoshi Hikawa,4 Kazunori Sango,6 Hiroko Inoue,2 Kaori Takeshita,1
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Medicine, Yokohama City University, Yokohama 236-0004, Japan, 5Pharmaceutical Research Laboratory, Kirin Brewery Company, Ltd., Takasaki 370-1295,
Japan, and 6Department of Developmental Morphology, Tokyo Metropolitan Institute for Neuroscience, Fuchu, Tokyo 183-8526, Japan

Various neurotrophic factors that promote axonal regeneration have been investigated in vivo, but the signals that prompt neurons to send out processes in peripheral
nerves after axotomy are not well understood. Previously, we have shown oxidized galectin-1 (GAL-1/Ox) promotes initial axonal growth after axotomy in peripheral nerves.
However, the mechanism by which GAL-1/Ox promotes axonal regeneration remains unclear and is the subject of the present study. To identify possible target cells of
GAL-1/Ox, a fluorescently labeled recombinant human GAL-1/Ox (rhGAL-1/Ox) was incubated with DRG neurons, Schwann cells, and intraperitoneal macrophages from
adult rats. Only the cell surfaces of intraperitoneal macrophages bound the rhGAL-1/Ox, suggesting that these cells possess a receptor for GAL-1/Ox. Experiments
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examining tyrosine phosphorylation revealed that rhGAL-1/Ox stimulated changes in signal transduction pathways in these macrophages. These changes caused macro-
phages to secrete an axonal growth-promoting factor. This was demonstrated when conditioned media of macrophages stimulated with rhGAL-1/Ox in 48 hr culture
strongly enhanced axonal regeneration from transected-nerve sites of DRG explants. Furthermore, activated macrophage-conditioned media also improved Schwann cell
migration from the transected-nerve sites. From these results, we propose that axonal regeneration occurs in axotomized peripheral nerves as a result of cytosolic reduced
galectin-1 being released from Schwann cells and injured axons, which then becomes oxidized in the extracellular space. Oxidized galectin-1 then stimulates macrophages
to secrete a factor that promotes axonal growth and Schwann cell migration, thus enhancing peripheral nerve regeneration.
The Journal of Neuroscience, February 25, 2004 • 24(8):1873–1880

Essential Function of Oncostatin M in Nociceptive Neurons of Dorsal Root Ganglia

Yoshihiro Morikawa,1* Shinobu Tamura,1* Ken-ichi Minehata,2 Peter J. Donovan,3 Atsushi Miyajima,2,4 and
Emiko Senba1

1Department of Anatomy and Neurobiology, Wakayama Medical University, Wakayama, 641-8509 Japan, 2Laboratory of Cell Growth and Differentiation,
Institute of Molecular and Cellular Bioscience, University of Tokyo, Bunkyo-ku, Tokyo, 113-0032 Japan, 3Kimmel Cancer Center, Thomas Jefferson
University, Philadelphia, Pennsylvania 19107, and 4Core Research for Evolutional Science and Technology, Japan Science and Technology Corporation,
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Oncostatin M (OSM) is a member of the interleukin-6 family of cytokines, and we have reported previously that the murine OSM receptor � subunit (OSMR) was expressed
in some neurons in the adult trigeminal and dorsal root ganglia (DRGs) and in the perineonatal hypoglossal nucleus. In the present study, we investigated the development
of OSMR-positive neurons of DRGs in OSM-deficient mice. In situ hybridization revealed that OSMR-positive neurons in DRGs began to appear at postnatal day 0 (P0) and
reached the adult level at P14. In the DRGs of the OSM-deficient mice, vanilloid receptor 1 (VR1)- and P2X3-positive small-sized neurons were significantly decreased. In
addition, OSMR-positive neurons decreased, resulting in the reduced number of VR1/P2X3/OSMR-triple positive neurons. OSM-deficient mice displayed significantly
reduced noxious responses in models of acute thermal, mechanical, chemical, and visceral pain. Thus, OSM plays an essential role in the development of a subtype of
nociceptive neurons in the DRGs.
The Journal of Neuroscience, February 25, 2004 • 24(8):1941–1947

L1/Laminin Modulation of Growth Cone Response to EphB Triggers Growth Pauses and
Regulates the Microtubule Destabilizing Protein SCG10

Leejee H. Suh,1* Stephen F. Oster,1* Sophia S. Soehrman,2 Gabriele Grenningloh,2 and David W. Sretavan1

1Departments of Ophthalmology and Physiology, University of California San Francisco, San Francisco, California 94143, and 2Institut de Biologie Cellulaire
et de Morphologie, University of Lausanne, 1005 Lausanne, Switzerland

During development, EphB proteins serve as axon guidance molecules for retinal ganglion cell axon pathfinding toward the optic nerve head and in midbrain targets. To
better understand the mechanisms by which EphB proteins influence retinal growth cone behavior, we investigated how axon responses to EphB were modulated by laminin
and L1, two guidance molecules that retinal axons encounter during in vivo pathfinding. Unlike EphB stimulation in the presence of laminin, which triggers typical growth
cone collapse, growth cones co-stimulated by L1 did not respond to EphB. Moreover, EphB exposure in the presence of both laminin and L1 resulted in a novel growth cone
inhibition manifested as a pause in axon elongation with maintenance of normal growth cone morphology and filopodial activity. Pauses were not associated with loss of
growth cone actin but were accompanied by a redistribution of the microtubule cytoskeleton with increased numbers of microtubules extending into filopodia and to the
peripheral edge of the growth cone. This phenomenon was accompanied by reduced levels of the growth cone microtubule destabilizing protein SCG10. Antibody blockade
of SCG10 function in growth cones resulted in both changes in microtubule distribution and pause responses mirroring those elicited by EphB in the presence of laminin
and L1. These results demonstrate that retinal growth cone responsiveness to EphB is regulated by co-impinging signals from other axon guidance molecules. Furthermore,
the results are consistent with EphB-mediated axon guidance mechanisms that involve the SCG10-mediated regulation of the growth cone microtubule cytoskeleton.
The Journal of Neuroscience, February 25, 2004 • 24(8):1976 –1986

DRAGON: A Member of the Repulsive Guidance Molecule-Related Family of Neuronal- and
Muscle-Expressed Membrane Proteins Is Regulated by DRG11 and Has Neuronal Adhesive
Properties
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Hospital, Boston, Massachusetts 02129, and 4The Laboratory of Vertebrate Embryology, The Rockefeller University, New York, New York 10021

DRG11, a transcription factor expressed in embryonic dorsal root ganglion (DRG) and dorsal horn neurons, has a role in the development of sensory circuits. We have used
a genomic binding strategy to screen for the promoter region of genes regulated by DRG11. One gene with a promoter region binding to the DNA binding domain of DRG11
encodes a novel membrane-associated [glycosyl-phosphatidylinositol (GPI)-anchored] protein that we call DRAGON. DRAGON expression is transcriptionally regulated
by DRG11, and it is coexpressed with DRG11 in embryonic DRG and spinal cord. DRAGON expression in these areas is reduced in DRG11 null mutants. DRAGON is
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expressed, however, in the neural tube before DRG11, and unlike DRG11 it is expressed in the brain and therefore must be regulated by other transcriptional regulatory
elements. DRAGON shares high sequence homology with two other GPI-anchored membrane proteins: the mouse ortholog of chick repulsive guidance molecule (mRGM),
which is expressed in the mouse nervous system in areas complementary to DRAGON, and DRAGON-like muscle (DL-M), the expression of which is restricted to skeletal
and cardiac muscle. A comparative genomic analysis indicates that the family of RGM-related genes—mRGM, DRAGON, and DL-M—are highly conserved among
mammals, zebrafish, chick, and Caenorhabditis elegans but not Drosophila. DRAGON, RGM, and DL-M mRNA expression in the zebrafish embryo is similar to that in the
mouse. Neuronal cell adhesion assays indicate that DRAGON promotes and mRGM reduces adhesion of mouse DRG neurons. We show that DRAGON interacts with itself
homophilically. The dynamic expression, ordered spatial localization, and adhesive properties of the RGM-related family of membrane-associated proteins are compatible
with specific roles in development.
The Journal of Neuroscience, February 25, 2004 • 24(8):2027–2036
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Incentive-Elicited Brain Activation in Adolescents: Similarities and Differences from Young
Adults
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Brain motivational circuitry in human adolescence is poorly characterized. One theory holds that risky behavior in adolescence results in part from a relatively overactive
ventral striatal (VS) motivational circuit that readily energizes approach toward salient appetitive cues. However, other evidence fosters a theory that this circuit is
developmentally underactive, in which adolescents approach more robust incentives (such as risk taking or drug experimentation) to recruit this circuitry. To help resolve
this, we compared brain activation in 12 adolescents (12–17 years of age) and 12 young adults (22–28 years of age) while they anticipated the opportunity to respond to
obtain monetary gains as well as to avoid monetary losses. In both age groups, anticipation of potential gain activated portions of the VS, right insula, dorsal thalamus, and
dorsal midbrain, where the magnitude of VS activation was sensitive to gain amount. Notification of gain outcomes (in contrast with missed gains) activated the mesial
frontal cortex (mFC). Across all subjects, signal increase in the right nucleus accumbens during anticipation of responding for large gains independently correlated with
both age and self-rated excitement about the high gain cue. In direct comparison, adolescents evidenced less recruitment of the right VS and right-extended amygdala while
anticipating responding for gains (in contrast with anticipation of nongains) compared with young adults. However, brain activation after gain outcomes did not
appreciably differ between age groups. These results suggest that adolescents selectively show reduced recruitment of motivational but not consummatory components of
reward-directed behavior.
The Journal of Neuroscience, February 25, 2004 • 24(8):1793–1802

Attention to Features Precedes Attention to Locations in Visual Search: Evidence from
Electromagnetic Brain Responses in Humans

Jens-Max Hopf,1,2 Kai Boelmans,1 Mircea Ariel Schoenfeld,1 Steven J. Luck,3 and Hans-Jochen Heinze1
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Single-unit recordings in macaque extrastriate cortex have shown that attentional selection of nonspatial features can operate in a location-independent manner. Here, we
investigated analogous neural correlates at the neural population level in human observers by using simultaneous event-related potential (ERP) and event-related magnetic
field (ERMF) recordings. The goals were to determine (1) whether task-relevant features are selected before attention is allocated to the location of the target, and (2)
whether this selection reflects the locations of the relevant features. A visual search task was used in which the spatial distribution of nontarget items with attended feature
values was varied independently of the location of the target. The presence of task-relevant features in a given location led to a change in ERP/ERMF activity beginning �140
msec after stimulus onset, with a neural origin in the ventral occipito-temporal cortex. This effect was independent of the location of the actual target. This effect was
followed by lateralized activity reflecting the allocation of attention to the location of the target (the well known N2pc component), which began at �170 msec poststimulus.
Current source localization indicated that the allocation of attention to the location of the target originated in more anterior regions of occipito-temporal cortex anterior
than the feature-related effects. These findings suggest that target detection in visual search begins with the detection of task-relevant features, which then allows spatial
attention to be allocated to the location of a likely target, which in turn allows the target to be positively identified.
The Journal of Neuroscience, February 25, 2004 • 24(8):1822–1832

http://www.jneurosci.org/cgi/content/full/24/8/1793
http://www.jneurosci.org/cgi/content/full/24/8/1793
http://www.jneurosci.org/cgi/content/full/24/8/1822
http://www.jneurosci.org/cgi/content/full/24/8/1822


Dynamic Influences on Coincidence Detection in Neocortical Pyramidal Neurons

Lucinda A. Grande,3 Gregory A. Kinney,2 Greta L. Miracle,3 and William J. Spain1,3
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The firing rate of neocortical pyramidal neurons is believed to represent primarily the average arrival rate of synaptic inputs; however, it has also been found to vary
somewhat depending on the degree of synchrony among synaptic inputs. We investigated the ability of pyramidal neurons to perform coincidence detection, that is, to
represent input timing in their firing rate, and explored some factors that influence that representation. We injected computer-generated simulated synaptic inputs into
pyramidal neurons during whole-cell recordings, systematically altering the phase delay between two groups of periodic simulated input events. We explored how input
intensity, the synaptic time course, inhibitory synaptic conductance, and input jitter influenced the firing rate representation of input timing. In agreement with computer
modeling studies, we found that input synchronization increases firing rate when intensity is low but reduces firing rate when intensity is high. At high intensity, the effect
of synchrony on firing rate could be switched from reducing to increasing firing rate by shortening the simulated excitatory synaptic time course, adding inhibition (using
the dynamic clamp technique), or introducing a small input jitter. These opposite effects of synchrony may serve different computational functions: as a means of increasing
firing rate it may be useful for efficient recruitment or for computing a continuous parameter, whereas as a means of decreasing firing rate it may provide gain control, which
would allow redundant or excessive input to be ignored. Modulation of dynamic input properties may allow neurons to perform different operations depending on the task
at hand.
The Journal of Neuroscience, February 25, 2004 • 24(8):1839 –1851

Estimating Target Speed from the Population Response in Visual Area MT
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To guide behavior, perceptual and motor systems must estimate properties of the sensory environment from the responses of populations of cortical neurons. In the
domain of visual motion, estimates of target speed are derived from the responses of motion-sensitive neurons in the middle temporal (MT) area of the extrastriate visual
cortex and are used to drive smooth pursuit eye movements and perceptual judgments of speed. We have asked how these behavioral systems estimate target speed from
the population response in area MT. We found that increasing the spatial frequency of a sine wave grating caused decreases in the target speed estimated by both pursuit
and perception and commensurate changes in the identity of the active neurons in area MT. Decreasing the contrast of a sine wave grating caused decreases in the target
speed estimated by both pursuit and perception, while altering only the response amplitude of MT neurons and not the identity of the active neurons. Applying a modified
vector-averaging computation to the population response measured in area MT allowed us to predict the effects of both spatial frequency and contrast on speed estimation
for both perception and pursuit. The modification biased the speed estimation toward low target speeds when responses across the population of neurons were small.
The Journal of Neuroscience, February 25, 2004 • 24(8):1907–1916

The Nitric Oxide–Guanylyl Cyclase Signaling
Pathway Modulates Membrane Activity States and Electrophysiological Properties of Striatal
Medium Spiny Neurons Recorded In Vivo
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Nitric oxide (NO)-releasing interneurons are believed to regulate the activity of striatal medium spiny neurons (MSNs) that contain the NO effector enzyme guanylyl cyclase
(GC). The involvement of NO–GC signaling in modulating steady-state membrane activity of striatal MSNs was examined using in vivo intracellular recordings in rats.
Intrastriatal infusion of a neuronal NO synthase inhibitor or a NO scavenger via reverse microdialysis consistently decreased the amplitude of spontaneously occurring
depolarized plateau potentials (up events). Intrastriatal infusion of a NO scavenger also decreased the amplitude of EPSPs evoked during electrical stimulation of the orbital
prefrontal cortex. The effect of the NO scavenger on spontaneous up events was partially reversed by coperfusion with a cell-permeable cGMP analog. Intracellular injection
of MSNs with a soluble GC inhibitor resulted in large decreases in the following: (1) spontaneous up-event amplitude, (2) responsiveness to depolarizing current, (3) action
potential amplitude, and (4) input resistance. These effects were partially reversed by coinjection of cGMP. Conversely, intracellular injection of a phosphodiesterase
inhibitor increased MSN neuron membrane excitability. These results indicate that, in the intact animal, the NO signaling pathway exerts a powerful tonic modulatory
influence over the membrane activity of striatal MSNs via the activation of GC and stimulation of cGMP production.
The Journal of Neuroscience, February 25, 2004 • 24(8):1924 –1935
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Integrated Memory for Object, Place, and Context in Rats: A Possible Model of Episodic-Like
Memory?

Madeline J. Eacott and Gillian Norman
Department of Psychology, University of Durham Science Laboratories, Durham, DH1 3LE, United Kingdom

We report an investigation into memory for an object, its spatial location, and the context in which it appeared in rats. A novel task based on the spontaneous recognition
paradigm is presented that requires memory for these three aspects. This task is performed easily by intact rats at delays of up to 1 hr. However, performance of the task is
severely and selectively disrupted by transection of the fornix. Ability to perform this task is discussed in relation to models of episodic memory in animals, and we suggest
that this task provides a simple and useful animal model of episodic memory for use with rats.
The Journal of Neuroscience, February 25, 2004 • 24(8):1948 –1953

Inducible cAMP Early Repressor Regulates Corticosterone Suppression after Tricyclic
Antidepressant Treatment
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The cAMP-response element binding protein (CREB) is involved in antidepressant action, but the role of related CRE-binding transcription factors in the behavioral and
endocrine responses to antidepressants is unclear. Alternative transcription of the cAMP response element-modulator (CREM) gene yields activator and repressor
isoforms, including the strong repressor inducible cAMP early repressor (ICER). ICER is highly expressed in hypothalamic tissues and upregulated after electroconvulsive
seizure. Thus, ICER may be a novel mediator of antidepressant action at endocrine and/or behavioral levels. Here we establish that both subchronic and chronic desipra-
mine (DMI) treatments upregulate hypothalamic ICER expression in wild-type mice. Behavioral responses to DMI in the forced swim and tail suspension tests are
unchanged in mice lacking ICER. However, the ability of DMI to suppress an acute corticosterone response after swim stress is compromised in ICER-deficient mice,
suggesting that increased hypothalamic ICER mRNA after DMI treatment may be required for suppression of corticosterone release. To investigate the mechanism
underlying this response, we measured corticotropin releasing factor (CRF), an upstream modulator of corticosterone release. Using real-time quantitative PCR, we
establish that hypothalamic CRF expression is significantly reduced after swim exposure in DMI-treated wild-type mice, however DMI is unable to blunt hypothalamic CRF
expression in ICER-deficient mice. Furthermore, we demonstrate that ICER is enriched in CRF-expressing neurons in the paraventricular nucleus of the hypothalamus.
These data indicate that ICER is required for DMI to reduce stress-induced corticosterone release through regulation of hypothalamic CRF expression, revealing a novel role
for ICER in antidepressant regulation of the hypothalamic–pituitary adrenal axis.
The Journal of Neuroscience, February 25, 2004 • 24(8):1967–1975

Enhanced Relative Expression of Glutamate Receptor 1 Flip AMPA Receptor Subunits in
Hippocampal Astrocytes of Epilepsy Patients with Ammon’s Horn Sclerosis

Gerald Seifert, Kerstin Hüttmann, Johannes Schramm, and Christian Steinhäuser
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Astrocytes express ionotropic glutamate receptors (GluRs), and recent evidence suggests that these receptors contribute to direct signaling between neurons and glial cells
in vivo. Here, we have used functional and molecular analyses to investigate receptor properties in astrocytes of human hippocampus resected from patients with
pharmacoresistant temporal lobe epilepsy (TLE). Histopathological analysis allowed us to distinguish two forms of epilepsy: Ammon’s horn sclerosis (AHS) and lesion-
associated TLE. Human hippocampal astrocytes selectively expressed the AMPA subtype of ionotropic glutamate receptors. Single-cell RT-PCR found preferential expres-
sion of the subunits GluR1 and GluR2 in human astrocytes, and the expression patterns were similar in patients with AHS and lesion-associated epilepsy. The AMPA
receptor-specific modulators, cyclothiazide (CTZ) and 4-[2-(phenylsulfonylamino)ethylthio]-2,6-difluoro-phenoxyacetamide (PEPA), were used to investigate splice
variant expression. Astrocytes of sclerotic specimens displayed a slower dissociation of CTZ from the receptor and a lower ratio of current potentiation by PEPA to
potentiation by CTZ, suggesting enhanced expression of flip receptor variants in AHS versus lesion-associated epilepsy. Real-time PCR and restriction analysis substanti-
ated this presumption by identifying elevated flip-to-flop mRNA ratios of GluR1 in single astrocytes of AHS specimens. These findings imply that in AHS, glutamate may
lead to prolonged depolarization of astrocytes, thereby facilitating the generation or spread of seizure activity.
The Journal of Neuroscience, February 25, 2004 • 24(8):1996 –2003
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The Hippocampal/Parahippocampal Regions and Recognition Memory: Insights from Visual
Paired Comparison versus Object-Delayed Nonmatching in Monkeys

Sarah Nemanic, Maria C. Alvarado, and Jocelyne Bachevalier
Department of Neurobiology and Anatomy, University of Texas Health Science Center, Houston, Texas 77030

Recognition memory was assessed by submitting the same adult monkeys to visual paired comparison (VPC) with mixed delays (10 –120 sec), followed by three consecutive
versions of object-delayed nonmatching-to-sample (DNMS): increasing delays (10 – 600 sec), lengthened lists (3–10 objects), and intervening distractors in the delays (light
at 10 sec, motor task at 30 – 600 sec, or context change at 600 sec). Four groups were tested: normal controls, monkeys with ibotenic acid lesions of the hippocampal
formation (H), and monkeys with aspiration lesions of either the perirhinal (PRh) or parahippocampal (areas TH/TF) cortex. Group H was impaired on VPC at delays �60
sec but had difficulty on DNMS only at 600 sec delays with distraction. In group TH/TF, the VPC impairment emerged earlier (30 sec); yet, once the nonmatching rule was
mastered, no significant change occurred on any DNMS condition. Only group PRh behaved congruently on VPC and DNMS, exhibiting a deficit at the easiest condition that
worsened with increasing delays as well as in DNMS lengthened list and distraction conditions. These results led us to postulate that VPC and DNMS, as previously
administered to monkeys, were not equivalent visual recognition memory probes. Specifically, we propose that, for VPC, because of passive (incidental) encoding, the
animal’s performance rests on both item familiarity and event recollection, whereas, for DNMS, because of active (purposeful) encoding, performance relies more on item
familiarity. This proposal converges with current models postulating distinct, but interactive, mnemonic roles for the hippocampal and adjacent TH/TF regions.
The Journal of Neuroscience, February 25, 2004 • 24(8):2013–2026

Impaired Recency Judgments and Intact Novelty Judgments after Fornix Transection in
Monkeys

David P. Charles, David Gaffan, and Mark J. Buckley
Department of Experimental Psychology, Oxford University, Oxford OX1 3UD, United Kingdom

Over four experiments based on the delayed matching-to-sample task, fornix-transected and normal control monkeys were presented with a sequence of five sample stimuli
and then received intermixed within-session recency (WSR) and between-session recency (BSR) tests in experiment 1, only BSR tests in experiment 2, only absolute novelty
(AN) tests in experiment 3, or only WSR tests in experiment 4. In WSR tests, monkeys chose which of two samples had occurred more recently in the immediately preceding
sequence. In BSR and AN tests, monkeys were required to choose one sample from the immediately preceding sequence in preference to a foil unseen in the present session
(BSR) or an AN foil that had never been presented before. When tests of WSR and BSR were intermixed (experiment 1), fornix monkeys performed below the level of the
control monkeys in both types of test, although this difference was not statistically significant. In experiment 2, fornix monkeys were significantly impaired on tests of BSR
alone, in which memory for a stimulus presented in an immediately preceding sequence could compete with memory for a foil presented in an earlier training session. In
tests of AN (experiment 3), fornix monkeys performed at the same level as control animals in distinguishing a previously experienced stimulus from a previously unseen
foil. In experiment 4, fornix transection significantly impaired tests of WSR alone. Taken together, these results suggest that one specialized role of the fornix is to process
temporal information.
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Caspase-11 Mediates Inflammatory Dopaminergic Cell Death in the 1-Methyl-4-Phenyl-1,2,3,6-
Tetrahydropyridine Mouse Model of Parkinson’s Disease
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The present study was designed to elucidate the inflammatory and apoptotic mechanisms of 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-induced neurotoxicity
in a model of Parkinson’s disease. Our results showed that mutant mice lacking the caspase-11 gene were significantly more resistant to the effects of acute treatment with
MPTP than their wild-type mice. Thus, the neurotoxicity of MPTP seems to be mediated by the induction of both mitochondrial dysfunction and free radical generation.
Previously, we showed that overexpression of the Apaf-1 dominant-negative inhibitor inhibited the mitochondrial apoptotic cascade in chronic MPTP treatment but not in
acute MPTP treatment. The present results indicate that MPTP neurotoxicity may be mediated via activation of the caspase-11 cascade and inflammatory cascade, as well
as the mitochondrial apoptotic cascade.
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Disease Progression Despite Early Loss of Polyglutamine Protein Expression in SCA7 Mouse
Model
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Nine neurodegenerative diseases including Huntington’s disease (HD) and spinocerebellar ataxia type 7 (SCA7) are caused by an expansion of a polyglutamine (polyQ)
stretch in the respective proteins. Aggregation of expanded polyQ-containing proteins into the nucleus is a hallmark of these diseases. Recent evidence indicates that
transcriptional dysregulation may contribute to the molecular pathogenesis of these diseases. Using SCA7 and HD mouse models in which we recently described a retinal
phenotype, we investigated whether altered gene expression underlies photoreceptor dysfunction. In both models, rhodopsin promoter activity was early and dramatically
repressed, suggesting that downregulation of photoreceptor-specific genes plays a major role in polyQ-induced retinal dysfunction. Because the rhodopsin promoter drives
mutant ataxin-7 expression in our SCA7 mice, we also assessed whether downregulation of mutant SCA7 transgene would reverse retinopathy progression and aggregate
formation. Although residual expression of mutant ataxin-7 was found negligible from 9 weeks of age, SCA7 transgenic mice showed a progressive decline of photoreceptor
activity leading to a complete loss of electroretinographic responses from 1 year of age. At this age, aggregates were cleared in only half of the photoreceptors, indicating that
their formation is not fully reversible in this model. We demonstrate here that abolishing full-length mutant ataxin-7 expression did not reverse retinopathy progression in
SCA7 mice, raising the possibility that some polyQ-induced pathological events might be irreversible.
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Calmodulin Regulates Transglutaminase 2 Cross-Linking of Huntingtin
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Striatal and cortical intranuclear inclusions and cytoplasmic aggregates of mutant huntingtin are prominent neuropathological hallmarks of Huntington’s disease (HD).
We demonstrated previously that transglutaminase 2 cross-links mutant huntingtin in cells in culture and demonstrated the presence of transglutaminase-catalyzed
cross-links in the HD cortex that colocalize with transglutaminase 2 and huntingtin. Because calmodulin regulates transglutaminase activity in erythrocytes, platelets, and
the gizzard, we hypothesized that calmodulin increases cross-linking of huntingtin in the HD brain. We found that calmodulin colocalizes at the confocal level with
transglutaminase 2 and with huntingtin in HD intranuclear inclusions. Calmodulin coimmunoprecipitates with transglutaminase 2 and huntingtin in cells transfected with
myc-tagged N-terminal huntingtin fragments containing 148 polyglutamine repeats (htt-N63-148Q-myc) and transglutaminase 2 but not in cells transfected with myc-
tagged N-terminal huntingtin fragments containing 18 polyglutamine repeats. Our previous studies demonstrated that transfection with both htt-N63-148Q-myc and
transglutaminase 2 resulted in cross-linking of mutant huntingtin protein fragments and the formation of insoluble high-molecular-weight aggregates of huntingtin
protein fragments. Transfection with transglutaminase 2 and htt-N63-148Q-myc followed by treatment of cells with N-(6-aminohexyl)-1-naphthalenesulfonamide, a
calmodulin inhibitor, resulted in a decrease in cross-linked huntingtin. Inhibiting the interaction of calmodulin with transglutaminase and huntingtin protein could
decrease cross-linking and diminish huntingtin aggregate formation in the HD brain.
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Friedreich Ataxia Mouse Models with Progressive Cerebellar and Sensory Ataxia Reveal
Autophagic Neurodegeneration in Dorsal Root Ganglia

Delphine Simon,1 Hervé Seznec,1 Anne Gansmuller,1 Nadège Carelle,1 Philipp Weber,1 Daniel Metzger,1 Pierre Rustin,2

Michel Koenig,1 and Hélène Puccio1
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Friedreich ataxia (FRDA), the most common recessive ataxia, is characterized by degeneration of the large sensory neurons of the spinal cord and cardiomyopathy. It is
caused by severely reduced levels of frataxin, a mitochondrial protein involved in iron–sulfur cluster (ISC) biosynthesis. Through a spatiotemporally controlled conditional
gene-targeting approach, we have generated two mouse models for FRDA that specifically develop progressive mixed cerebellar and sensory ataxia, the most prominent
neurological features of FRDA. Histological studies showed both spinal cord and dorsal root ganglia (DRG) anomalies with absence of motor neuropathy, a hallmark of the
human disease. In addition, one line revealed a cerebellar granule cell loss, whereas both lines had Purkinje cell arborization defects. These lines represent the first FRDA
models with a slowly progressive neurological degeneration. We identified an autophagic process as the causative pathological mechanism in the DRG, leading to removal
of mitochondrial debris and apparition of lipofuscin deposits. These mice therefore represent excellent models for FRDA to unravel the pathological cascade and to test
compounds that interfere with the degenerative process.
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Accumulating evidence suggests that apoptotic and inflammatory factors contribute to the demise of dopaminergic neurons. In this respect, Fas, a member of the tumor
necrosis factor receptor family with proapoptotic and inflammatory functions, was reported to be elevated within the striatum and substantia nigra pars compacta (SNc)
of Parkinson’s disease (PD) patients. Accordingly, the present investigation evaluated the function of Fas in the 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
model of PD. Injection of MPTP increased nigral Fas expression, and mice lacking Fas displayed attenuated MPTP-induced SNc dopaminergic loss and microglial
activation. In addition, Fas induction was blocked by expression of a dominant-negative c-Jun adenovirus that also protected dopamine neurons from MPTP-induced
damage. Together, these data suggest the critical nature of the c-Jun–Fas signaling pathway in MPTP-induced neuronal loss. Although critical for degeneration of the soma,
Fas deficiency did not significantly prevent the reduction of dopaminergic terminal fibers within the striatum or normalize the activation of striatal microglia and elevation
of the postsynaptic activity marker �FosB induced by denervation. Interestingly, Fas-deficient mice displayed a pre-existing reduction in striatal dopamine levels and
locomotor behavior when compared with wild-type mice. Despite the reduced terminals, dopamine levels were not further suppressed by MPTP treatment in mutant mice,
raising the possibility of a compensatory response in basal ganglia function in Fas-deficient mice.
The Journal of Neuroscience, February 25, 2004 • 24(8):2045–2053

http://www.jneurosci.org/cgi/content/full/24/8/2045
http://www.jneurosci.org/cgi/content/full/24/8/2045
http://www.jneurosci.org/cgi/content/full/24/8/2045


Position Available
Postdoc/Research Associate

Institute for Cell Engineering
Department of Radiology

Johns Hopkins University School of Medicine

We are now seeking applicants with a strong
background in Neuroscience for a postdoctoral or
research associate position (depending on
experience) in the new Institute for Cellular
Engineering (ICE) and the Department of Radiology.
Using magnetically labeled neural progenitor and
stem cells, the applicant will implement recently
developed magnetic resonance (MR) imaging
techniques to evaluate and optimize stem cell-based
therapies in the CNS. Experience with (neural) stem
cell cultures and neurotransplantation is required;
previous experience with EAE animal models is a
plus. The position is for 1-3 years.

Contact:
Jeff W.M. Bulte, PhD 

Johns Hopkins University School of Medicine
Dept. of Radiology and Institute for Cell Engineering

217 Traylor Bldg; 720 Rutland Ave
Baltimore. MD 21205-2195

Phone 410-614-2733; Fax 410-614-1948

jwmbulte@mri.jhu.edu




