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response to striatal injection of [alpha]-amino-3-hydroxy-5-methyl-4-isoxazolepropionate and interleukin-
1." Molecular Brain Research 93(2): 180. 
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 A number of cytokines contribute to acute experimental neurodegeneration. The cytokine 
response can have detrimental or beneficial effects depending on the temporal profile and 
balance between pro- and anti-inflammatory molecules. Our recent data suggest that the pro-
inflammatory cytokine interleukin-1[beta] (IL-1[beta]) acts at specific sites (e.g., the striatum) in 
the rat brain to cause distant cortical injury, when co-administered with the potent excitotoxin 
[alpha]-amino-3-hydroxy-5-methyl-4-isoxazolepropionate (S-AMPA). The objective of the present 
study was to investigate changes in the expression of several cytokines simultaneously in the rat 
striatum and cortex after intrastriatal administration of vehicle, S-AMPA or human recombinant 
(hr) IL-1[beta] alone or S-AMPA co-injected with hrIL-1[beta] using reverse transcription-
polymerase chain reaction (RT-PCR; Taqman(TM) fluorogenic probes) and enzyme-linked 
immunosorbent assay (ELISA). Injection of S-AMPA alone increased IL-6 mRNA expression in 
the ipsilateral striatum after 8 h, whilst striatal injection of IL-1[beta] alone increased local IL-
1[beta] and IL-1ra mRNAs. The levels of mRNA encoding IL-1[alpha], IL-1[beta], IL-1ra, IL-6, IL-
10 and TNF[alpha] were markedly elevated in the ipsilateral cortex 8 h after co-injection of S-
AMPA and hrIL-1[beta]. Cortical mRNA levels for IL-4, IL-18, TGF[beta] and IFN[gamma] were 
not significantly different between treatment groups after 2 h or 8 h. A similar pattern of change in 
the levels of IL-1[alpha] and IL-6 protein was observed 8 h after treatment. These data 
demonstrate selective increases in the expression of cytokines in areas of remote cell death in 
response to administration of hrIL-1[beta] and S-AMPA. Such cytokines may be involved in the 
ensuing damage, and further clarification of their actions could aid future therapeutic strategies 
for several acute neurodegenerative disorders. 
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 Heterotrimeric guanine nucleotide binding proteins (G-proteins) are composed of a diverse set of 
[alpha], [beta], and [gamma] subunits, which couple cell surface receptors to intracellular 
effectors, such as adenylyl cyclase, phospholipase C[beta], and ion channels. Both the G[alpha] 
and the G[beta][gamma] dimers mediate effector activity and are believed to contribute to the 
complexity of the signaling pathway. Molecular and immunocytochemical techniques were 



employed to determine diversity of G[beta] and G[gamma] subunit expression in the murine inner 
ear. PCR-based assessment of [lambda]ZAP unidirectional cDNA libraries, representing the 
cochlea and inner ear hair cells, indicated all five known G[beta] subunits were present in the 
cochlea, while only a subset of G[gamma] isoforms were found. New or novel G-protein [beta] 
and [gamma] subunits were not detected. cDNAs representing G[beta]1-4 and G[gamma]2, 
G[gamma]3, G[gamma]5, G[gamma]8olf subunit transcripts were isolated. In addition, cDNAs 
corresponding to the G[beta]5 and G[gamma]11 isoforms exhibited restricted expression to inner 
and outer hair cells, respectively. Antisera specific for G[beta]3, G[beta]4, G[gamma]3, 
G[gamma]5 and G[gamma]11 stained spiral ganglion and neurosensory hair cells. A unique 
finding was the variable topological distribution of G[gamma]3 in the spiral ganglion cells along 
the cochlear axis. Collectively, our results demonstrate a complementary as well as differential 
distribution pattern for G[beta] and G[gamma] isoforms exists in the inner ear. The co-localization 
of various G-protein isoforms within the same cell type suggests specific combinatorial G[beta] 
and G[gamma] subunit associations may preferentially be formed. Thus, the detection of multiple 
subunits presumably reflects the extent of the functional diversity of inner ear signaling pathways 
and should provide specificity of G-protein mediated pathways. 
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 Failure of several putative neuroprotectants in large multicentred clinical trials has re-focussed 
attention on the predictability of pre-clinical animal models of stroke. Model characterisation and 
relationship to heterogeneous patient sub-groups remains of paramount importance. Information 
gained from magnetic resonance imaging (MRI) signatures indicates that the Zea Longa model of 
rat middle cerebral artery occlusion may be more representative of slowly evolving infarcts. 
Understanding the molecular changes over several hours following cerebral ischaemia will allow 
detailed characterisation of the adaptive response to brain injury. Using a fully characterised 
model of Zea Longa middle cerebral artery occlusion we have used the representational 
difference analysis (RDA) subtractive hybridisation method to identify transcripts that accumulate 
in the ischaemic cortex. Along with a number of established ischaemia-induced gene products 
(including MCP-1, TIMP-1, hsp 70) we were also able to identify nine genes which have not 
previously been shown to accumulate following focal ischaemia (including SOCS-3, 
GADD45[gamma], Xin). 
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 Photoreception is best understood in retinal rods and cones, but it is not confined to these cells. 
In non-mammals, intrinsically photosensitive cells have been identified within several structures 
including the pineal, hypothalamus and skin. More recently novel light sensitive cells have been 
identified in the inner/basal retina of both teleosts and rodents. Melanopsin has been proposed as 
the photopigment mediating many of these non-rod, non-cone responses to light. However, much 
about the melanopsin gene family remains to be clarified including their potential role as 
photopigments, and taxonomic distribution. We have isolated the first orthologue of melanopsin 
from a teleost fish and show expression of this gene in a sub-set of retinal horizontal cells (type 
B). Zebrafish melanopsin, and orthologues of this gene, differ markedly from the vertebrate 



photopigment opsins. The putative counterion is not a glutamate but a tyrosine, the putative G-
protein binding domain in the third cytoplasmic loop is not conserved, and they show low levels of 
amino acid identity (~27%) to both the known photopigment opsins and to other members of the 
melanopsin family. Mouse melanopsin is only 58% identical to Xenopus, and 68% identical to 
zebrafish. By contrast, the photosensory opsin families show ~75% conservation. On the basis of 
their structure, genomic organisation, discrete evolutionary lineage, and their co-expression with 
other opsins, the melanopins are not obvious photosensory opsins. They might represent a 
separate branch of photopigment evolution in the vertebrates or they may have a non-direct 
photosensory function, perhaps as a photoisomerase, in non-rod, non-cone light detection. 
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 The melanocortin (MC) system is involved in several biological functions. Its possible role in 
nociception has recently attracted attention in the field. Published data suggest that melanocortin 
antagonists are analgesic and agonists are hyperalgesic. Gene expression information about the 
MC system components (receptor, agonist and antagonist) in pain relevant areas is at present 
limited. To deepen our knowledge, we studied the expression of MC system components in 
naive, sham and neuropathic rat spinal cord and dorsal root ganglia (DRG) by PCR and 
quantitative real-time PCR. MC4 receptor, proopiomelanocortin (POMC) and agouti-related 
protein (AgRP) transcripts were detected in both spinal cord and DRG, whereas MC3 receptor 
was detected only in the spinal cord. To study the relationship between the MC system and 
chronic pain, we used the chronic constriction injury model and gene expression analysis was 
performed in rats showing both tactile allodynia and thermal hyperalgesia. MC4 and POMC 
transcript were upregulated in the spinal cord of neuropathic rats, whereas MC3 and AgRP 
expression were unaffected. Thus, this study demonstrates for the first time the presence of 
AgRP in the spinal cord and DRG, suggesting that it could play a role in the regulation of MC 
system activity. In addition, the upregulation of POMC and MC4, in parallel with the presence of 
tactile allodynia and thermal hyperalgesia, further supports the idea of MC system involvement in 
nociception. 
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 The suprachiasmatic nucleus (SCN) of the hypothalamus constitutes the principal site 
responsible for the generation and entrainment of circadian rhythms in mammals. The 
mechanisms of the circadian clock involve periodic gene expression. Here we report the use of 
differential display reverse transcriptase polymerase chain reaction to identify a novel rat mRNA 
sequence which is highly homologous to human ribonuclease III. Analysis of its expression in the 
rat brain by in situ hybridization histochemistry showed this transcript to be expressed at differing 
intensities at various sites. Temporal variation in expression was observed in the SCN, with a 
peak at circadian time (CT) 2 and a nadir at CT14. No significant changes in its expression were 
detected across the cycle within the supraoptic nucleus, cingulate cortex or caudate putamen. 
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 In order to find out whether the increased phosphofructokinase (PFK) activities observed in brains 
from Alzheimer's disease (AD) patients are associated with alterations in PFK mRNA levels, we 
determined total PFK mRNA and the three different PFK isoenzyme mRNAs in AD and control 
patients by ribonuclease protection assay (RPA) and quantitative RT-PCR. PFK mRNA levels 
were found increased in some brain areas in AD patients. While all three PFK isoenzyme mRNAs 
were detectable in every studied brain sample, no changes of the PFK isoenzyme pattern were 
observed in patients with AD. 
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 A problem in utilizing herpes simplex virus (HSV) as a vector for expression of foreign genes in 
CNS neurons has been the inability to facilitate long-term expression of the engineered genes. 
Previously, we showed that the murine moloney leukemia virus LTR would drive [beta]-
galactosidase ([beta]-gal) transcription for extended periods from the latent viral genome in 
sensory, but not motor neurons. In this communication we further evaluate the utility of the LTR 
promoter for use in long-term expression vectors. Following stereotactic injection of 8117/43 (an 
ICP4 minus, non-replicating virus with the LTR driving the [beta]-gal gene, or KD6 (an ICP4 
minus non-replicating virus not expressing [beta]-gal) into the hippocampus of rats, polymerase 
chain reaction (PCR) analysis of viral DNA after 2 months indicated that latent infections were 
established. Assaying by both -gal staining and reverse transcriptase PCR we demonstrate that 
(1) [beta]-gal can be detected for at least 6 months in hippocampul neurons, and (2) although the 
number of [beta]-gal transcripts in these cells drops considerably by 2 weeks, they can be 
detected during the period studied. These studies indicate that the LTR promoter is active and 
affords long-term expression in the CNS, albeit at comparatively low levels compared to those 
observed at acute times. 
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 Molecular-biological methods were used to demonstrate the expression of six P2X receptor 
subunits (P2X1-P2X6) in retina and choroid. Despite the considerable evidence for signalling by 
extracellular nucleotides in other sensory systems, few studies have been undertaken in the eye. 
RT-PCR for the detection of P2X subunit mRNA in the rat of different postnatal developmental 
stages (P23-P210) revealed the presence of P2X2 and P2X4 mRNA in the retina and choroid; 
P2X3, and P2X5 were detected only in the retina. There was no evidence for P2X1 and P2X6 
mRNA in the ocular tissue under investigation. Our data suggest that extracellular ATP may have 



influences on visual processing. 
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retina." Molecular Brain Research 62(1): 106. 
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 Despite the considerable evidence of signaling by extracellular nucleotides in other sensory 
systems, few studies have been undertaken in the eye. Molecular and immunohistochemical 
methods were used to demonstrate the expression and cellular localization of the P2X7 receptor 
subunit in the retina and choroid. RT-PCR was used for the detection of P2X7 subunit mRNA in 
the rat of different postnatal developmental stages (P23-P210) and revealed the presence of 
P2X7-mRNA in the retina, but not in the choroid. In the adult rat retina, immunolabelling for P2X7 
was detected in a number of cells in the inner nuclear layer (INL) and ganglion cell layer (GCL), 
suggesting different types of amacrine cells and ganglion cells. These results demonstrate for the 
first time the expression of the P2X7 receptor in the mammalian retina and furthermore in distinct 
neuronal cell populations. Our data suggest that extracellular ATP may provide both 
neuromodulatory and trophic influences on visual processing. 
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 Vesicle transport plays an important role in the formation of myelin. Transport of proteins, 
including proteolipid protein and myelin associated glycoprotein, from their site of synthesis in the 
endoplasmic reticulum in the perikaryon of the oligodendrocytes, to myelin, takes place via carrier 
vesicles. The mechanisms that regulate vesicle transport in oligodendrocytes are largely 
unknown. The presence of monomeric GTP-binding proteins in myelin and oligodendrocytes 
suggested the hypothesis that these proteins participate in the regulation of vesicle transport. In 
an attempt to identify the Rab and Rho GTP-binding proteins present in oligodendrocytes, a 
cDNA library specific for these proteins was generated using a reverse transcriptase-polymerase 
chain reaction (RT-PCR) approach. Twelve different clones containing sequences that coded for 
members of the Rab and Rho families of GTP-binding proteins were isolated. This group includes 
Rab1, -1b, -2, -5b, -5c, -7, -8, -12, -14, -23 and Rho A. One additional clone revealed a novel 
cDNA sequence. Analysis of the effector loop motif indicated that this sequence encodes for a 
member of the Rab family. We refer to this new sequence as Rab0. Comparison of Rab0 with the 
most similar rat Rab sequences, Rab 14 and Rab 22, and with a recently cloned human Rab22b, 
showed a 71%, 72% and 94% identity, respectively. By RT-PCR analysis the Rab0 mRNA was 
found to be mainly expressed in oligodendrocytes and to a lesser extent in oligodendrocyte 
precursors, astrocytes and microglia. Moreover, the highest levels of Rab0 mRNA were observed 
in areas of the brain that are heavily myelinated. Rab0 mRNA was also detected in other tissues 
such as kidney, liver, skeletal muscle. These data provide initial evidence regarding signal 
transduction pathways that regulate intracellular transport in oligodendrocytes. 
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 Previous pharmacological, biochemical and molecular evidence prove that [mu]-subtype opiate 
receptors and opiate alkaloids, i.e. morphine, are present in the ganglionic nervous system of the 
mollusk Mytilus edulis (bivalve). We now present molecular evidence on the effect of rapid 
temperature changes on [mu] opiate receptor expression and morphine levels. Using primers, a 
labeled Taq-Man probe derived from the human neuronal [mu]1 opiate receptor, and real-time 
RT-PCR to measure the expression of [mu] transcripts from Mytilus pedal ganglia, we observe, in 
animals placed in cold water from room temperature, an enhanced morphine and morphine 6 
glucuronide level in addition to a decrease in [mu] opiate receptor gene expression. This study 
provides further evidence that [mu]-type opiate receptors and morphine are expressed in mollusk 
ganglia and appear to be involved in physiological processes responding to thermal stress. 

 

Cai, F., W. M. Campana, et al. (1999). "Transforming growth factor-[beta]1 and glial growth factor 2 
reduce neurotrophin-3 mRNA expression in cultured Schwann cells via a cAMP-dependent 
pathway." Molecular Brain Research 71(2): 256. 

 http://www.sciencedirect.com/science/article/B6T07-3XNK0RN-
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 The aim of the study was to determine which factors regulated the expression of neurotrophin-3 
(NT-3) mRNA in cultured primary Schwann cells derived from sciatic nerve of neonatal rats. 
Treatment of primary Schwann cells with the adenylate cyclase activator, forskolin, or the cAMP 
agonist, 8-Br-cAMP, induced a significant reduction in NT-3 transcript levels. Transforming growth 
factor-[beta]1 (TGF-[beta]1) and glial growth factor 2 (GGF2) also reduced the levels of NT-3 
mRNA in a dose and time-dependent manner. Treatment with nerve growth factor, brain-derived 
neurotrophic factor, NT-3, ciliary neurotrophic factor or interleukin-1[beta] was without effect. The 
TGF-[beta]1, GGF2 and forskolin dependent reduction in NT-3 mRNA levels involved a 
destabilization of transcripts which was antagonised by co-treatment with cycloheximide. The 
cAMP-dependent protein kinase A (PKA) inhibitor, H-89, blocked the reduction in levels of NT-3 
mRNA induced by TGF-[beta]1, GGF2 and forskolin. The data show that the effects of TGF-
[beta]1, GGF2 and forskolin on the downregulation of NT-3 mRNA, at least in part, were due to a 
post-transcriptional event involving a labile protein intermediate under the control of PKA. The 
results suggest that the down-regulation of NT-3 mRNA in Schwann cells at a site of peripheral 
nerve damage may be mediated via a cAMP-dependent pathway and possibly involve neuroma-
related elevations in TGF-[beta]1 and GGF2. 

 

Calver, A. R., D. Michalovich, et al. (2003). "Molecular cloning and characterisation of a novel GABAB-
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 Using a homology-based bioinformatics approach we have analysed human genomic sequence 
and identified the human and rodent orthologues of a novel putative seven transmembrane G 
protein coupled receptor, termed GABABL. The amino acid sequence homology of these cDNAs 
compared to GABAB1 and GABAB2 led us to postulate that GABABL was a putative novel 
GABAB receptor subunit. The C-terminal sequence of GABABL contained a putative coiled-coil 



domain, di-leucine and several RXR(R) ER retention motifs, all of which have been shown to be 
critical in GABAB receptor subunit function. In addition, the distribution of GABABL in the central 
nervous system was reminiscent of that of the other known GABAB subunits. However, we were 
unable to detect receptor function in response to any GABAB ligands when GABABL was 
expressed in isolation or in the presence of either GABAB1 or GABAB2. Therefore, if GABABL is 
indeed a GABAB receptor subunit, its partner is a potentially novel receptor subunit or chaperone 
protein which has yet to be identified. 

 

Cappellini, C., P. Malatesta, et al. (1999). "Characterization of a cloned Xenopus laevis Serotonin 5-HT1A 
receptor expressed in the NIH-3T3 cell line." Molecular Brain Research 63(2): 380. 

 http://www.sciencedirect.com/science/article/B6T07-3VH80K8-
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 In a previous work we isolated a Xenopus 5-HT1A receptor gene and now report the 
characterization of this receptor. The HindIII-XbaI fragment of this gene was cloned into the 
pcDNA I NEO vector and stably transfected into eukaryotic cells (NIH-3T3). To determine the 
specific 5-HT1A receptor binding, [3H]8-OH-DPAT was used as radioligand. The selective 5-
HT1A receptor agonist bound only a single class of saturable high-affinity binding sites with 
pharmacological characteristics similar to those of the mammalian 5-HT1A receptor. The effects 
of X5-HT1A receptor activation on cell growth were also investigated in stably transfected NIH-
3T3 cells. The 5-HT1A agonist 8-OH-DPAT was found to increase DNA synthesis and 
accelerated cell growth. 
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Molecular Brain Research 22(1-4): 323. 

 http://www.sciencedirect.com/science/article/B6T07-485P8V9-
19/2/c0500dcda820d504a2271e0d73453a48  

 AMPA receptors are comprised of individual subunits, and the divalent cation permeability of 
assembled AMPA receptors is determined by a single amino acid residue in the second 
transmembrane region of the GluR-B subunit. At this site, GluR-B subunits contain an arginine 
while other AMPA receptor subunits contain glutamine. Interestingly, the murine gene for GluR-B 
actually specifies a glutamine at the divalent cation permeability site. The appearance of arginine 
and not glutamine in the mature GluR-B protein is thought to be a result of RNA editing of the 
GluR-B messenger RNA. In that AMPA receptors are thought to mediate the bulk of fast 
excitatory signalling within the mammalian central nervous system, this process of RNA editing 
may play a pivotal role in normal neural function by mediating divalent cation permeability of 
AMPA receptors. Disruptions of RNA editing could lead to phenotypically altered AMPA 
receptors, with implications for pathogenic brain processes. We report that the human GluR-B 
gene sequence is also edited such that there is a difference between the human GluR-B gene 
and the complementary DNA (cDNA), as demonstrated both with allele-specific polymerase chain 
reaction (PCR) and restriction enzyme digestion of PCR products. Thus, as in the rodent brain, 
RNA editing of an AMPA receptor subunit appears to be an important process in the human 
brain. Disruptions of RNA editing may have neuropathological consequences. 

 

Chan, S. O., W. D. Lyman, et al. (1997). "Temporal and spatial expression of glutamic acid 
decarboxylases in human fetal brain." Molecular Brain Research 46(1-2): 318. 
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 The expression of two isoforms of glutamic acid decarboxylase, GAD67 and GAD65, was 
analyzed in central nervous system (CNS) tissues obtained from normal second trimester human 
fetuses after elective termination of pregnancy. After RT-PCR amplification of sequences 
contained in total RNA extracts, Southern blotting indicated that GAD67 and GAD65 mRNAs can 
be detected in frontal pole tissue as early as the 12th week of gestation (12 GW). GAD67 
message is strongly expressed during early second trimester and decreases slightly thereafter 
but remains abundant. In contrast, GAD65 message decreases rapidly and becomes 
undetectable by the 19 GW. However, GAD67 and GAD65 are similar in their spatial expression 
in the CNS at 22 GW. GAD67 and GAD65 messages are highly expressed in the cerebellum but 
expressed in low levels, if at all, in the spinal cord during this gestational period. These results 
suggest that GAD67 may have a greater role in neuron differentiation than GAD65 during human 
brain development. 

 

Chang, A., P. P. Li, et al. (2003). "cAMP-Dependent protein kinase (PKA) subunit mRNA levels in 
postmortem brain from patients with bipolar affective disorder (BD)." Molecular Brain Research 
116(1-2): 27. 

 http://www.sciencedirect.com/science/article/B6T07-493HSMV-
1/2/6a6be20939e0fcd0bfb66ce0620b8f5a  

 Earlier findings of elevated basal and stimulated PKA activities, and increased immunoreactive 
levels of PKA regulatory and catalytic subunits in discrete postmortem brain regions from bipolar 
disorder (BD) patients suggest that disturbances in PKA are involved in the pathophysiology of 
BD. PKA subunit mRNA levels were measured using SYBR Green real-time RT-PCR to 
determine if previously observed differences in immunoreactive levels of PKA RII[beta] and 
C[alpha] subunits were associated with corresponding changes in mRNA levels in temporal and 
frontal cortices from the same BD patients and matched controls. In distinct contrast to the higher 
immunolabeling levels of the PKA subunits previously reported in the BD brain, there were no 
significant differences in RII[beta] and C[alpha] subunit mRNA levels in the temporal and frontal 
cortices of BD patients compared with controls. These findings infer that the elevated PKA 
immunolabeling and activity found in the selected cerebral cortical regions of BD postmortem 
brain were due to a posttranscriptional mechanism, rather than changes in regulation of gene 
transcription and/or mRNA stability of the PKA subunits. 

 

Chiang, L. W., F. E. Schweizer, et al. (1994). "Nitric oxide synthase expression in single hippocampal 
neurons." Molecular Brain Research 27(1): 183. 

 http://www.sciencedirect.com/science/article/B6T07-485P5VK-
X/2/3f06c0f9a0b2d0a419a36db01df6edc0  

 The presence of nitric oxide synthase (NOS) in CA1 pyramidal cells of the rat hippocampus was 
demonstrated by single-cell PCR. NOS-specific primers were used to amplify mRNA isolated 
from single hippocampal neurons. The sequence of the major amplification-product obtained was 
identical to that of the constitutively expressed brain-isoform of NOS. These results confirm 
immunocytochemical data that NOS is present in CA1, and, therefore, nitric oxide could function 
as a retrograde messenger in long-term potentiation. 

 



Chinta, S. J., H. V. Pai, et al. (2002). "Constitutive expression and localization of the major drug 
metabolizing enzyme, cytochrome P4502D in human brain." Molecular Brain Research 103(1-2): 
49. 

 http://www.sciencedirect.com/science/article/B6T07-45W39G4-
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 Cytochrome P4502D6, an important isoform of cytochrome P450, mediates the metabolism of 
several psychoactive drugs in liver. Quantitatively, liver is the major drug metabolizing organ, 
however metabolism of drugs in brain could modulate pharmacological and pharmacodynamic 
effects of psychoactive drugs at their site of action and explain some of the variation typically 
seen in patient population. We have measured cytochrome P450 content and examined 
constitutive expression of CYP2D mRNA and protein in human brain regions by reverse 
transcription polymerase chain reaction, Northern and immunoblotting and localized it by in situ 
hybridization and immunohistochemistry. CYP2D mRNA was expressed constitutively in neurons 
of cerebral cortex, Purkinje and granule cell layers of cerebellum, reticular neurons of midbrain 
and pyramidal neurons of CA1, CA2 and CA3 subfields of hippocampus. Immunoblot studies 
demonstrated the presence of cytochrome P4502D protein in cortex, cerebellum, midbrain, 
striatum and thalamus of human brain. Immunohistochemical localization showed the 
predominant presence of cytochrome P4502D not only in neuronal soma but also in dendrites of 
Purkinje and cortical neurons. These studies demonstrate constitutive expression of cytochrome 
P4502D in neuronal cell population in human brain, indicating its possible role in metabolism of 
psychoactive drugs directly at or near their site of action, in neurons, in human brain. 

 

Cho, T. T. and A. I. Farbman (1999). "Neurotrophin receptors in the geniculate ganglion." Molecular Brain 
Research 68(1-2): 1. 

 http://www.sciencedirect.com/science/article/B6T07-3WF80M0-
1/2/fa75e295e8ecdcb5918eeee4f9465388  

 We examined the distribution of the high affinity neurotrophin receptors (trkA, trkB, and trkC) in 
the rat geniculate ganglion. Previous work had shown that during early (prenatal) development, 
trkB and its two ligands, BDNF and NT-4/5, were most important for survival of almost all 
neurons. Using nested polymerase chain reaction (PCR), we showed that trkA, trkB, and trkC 
transcripts were expressed, and the mRNAs for trkB and trkC were more abundant than that for 
trkA. We modified and improved the method for direct reverse transcription in situ PCR and 
localized trkB mRNA in approximately one third of the neurons in the ganglion. 
Immunohistochemical data confirmed that approximately the same fraction of neurons was 
immunoreactive with antibody vs. trkB, and an approximately equal fraction was immunoreactive 
with trkC antibody. These results are consistent with the notion that both BDNF/trkB and NT-
3/trkC play important roles in maintenance of the geniculate ganglion neurons and possibly the 
peripheral taste system in the young postnatal rat. 

 

Cho, Y., T.-W. L. Gong, et al. (2004). "Noise overstimulation induces immediate early genes in the rat 
cochlea." Molecular Brain Research 130(1-2): 134. 

 http://www.sciencedirect.com/science/article/B6T07-4D5JY3F-
2/2/b456e67680c101b0eeec53b3b1a33764  

 In mammals, exposure to intense noise produces a permanent hearing loss called permanent 
threshold shift (PTS), whereas a moderate noise produces only a temporary threshold shift (TTS). 



Little is known about the molecular responses to such high intensity noise exposures. In this 
study we used gene arrays to examine the early response to acoustic overstimulation in the rat 
cochlea. We compared cochlear RNA from noise-exposed rats with RNA from unexposed 
controls. The intense PTS noise induced several immediate early genes encoding both 
transcription factors (c-FOS, EGR1, NUR77/TR3) and cytokines (PC3/BTG2, LIF and IP10). In 
contrast, the TTS noise down-regulated the gene for growth hormone. The response of these 
genes to different noise intensities was examined by quantitative RT-PCR 2.5 h after the 90-min 
noise exposure. For most genes, the extent of induction correlates with the intensity of the noise 
exposure. Three proteins (EGR1, NUR77/TR3, and IP10) were detected in many regions of the 
unexposed cochlea. After exposure to 120 dB noise, these proteins were present at higher levels 
or showed extended expression in additional regions of the cochlea. LIF was undetectable in the 
cochlea of unexposed rats, but could be seen in the organ of Corti and spiral ganglion neurons 
following noise. NUR77/TR3 was a nuclear protein before noise, but following noise translocated 
to the cytoplasm. These studies provide new insights into the molecular response to noise 
overstimulation in the mammalian cochlea. 

 

Citron, B. A., J. E. Zoloty, et al. "Tissue transglutaminase during mouse central nervous system 
development: Lack of alternative RNA processing and implications for its role(s) in murine models 
of neurotrauma and neurodegeneration." Molecular Brain Research In Press, Corrected Proof
 http://www.sciencedirect.com/science/article/B6T07-4FDJ7C8-
2/2/5831e75b6eee3a5e4f6b30375e5b4714  

 Tissue transglutaminase (tTG) is a member of a multigene family principally involved in catalyzing 
the formation of protein cross-links. Unlike other members of the transglutaminase family, tTG is 
multifunctional since it also serves as a guanosine triphosphate (GTP) binding protein (G[alpha]h) 
and participates in cell adhesion. Different isoforms of tTG can be produced by proteolysis or 
alternative splicing. We find that tTG mRNA is expressed at low levels in the mouse CNS relative 
to other tissues, and at lower levels in the CNS of mouse in comparison to that of human or rat. 
tTG mRNA levels are higher in the heart compared to the CNS, for example, and much higher in 
the liver. Within the CNS, tTG message is lowest in the adult cerebellum and thalamus and 
highest in the frontal cortex and striatum. In the hippocampus, tTG expression is highest during 
embryonic development and falls off dramatically after 1 week of life. We did not find alternative 
splicing of the mouse tTG. At the protein level, the predominant isoform is [not, vert, similar]62 
kDa. In summary, tTG, an important factor in neuronal survival, is expressed at low levels in the 
mouse CNS and, unlike rat and human tTG, does not appear to be regulated by alternative 
splicing. These findings have implications for analyses of rodent tTG expression in human 
neurodegenerative and neurotrauma models where alternative processing may be an attractive 
pathogenetic mechanism. They further impact on drug discovery paradigms, where modulation of 
activity may have therapeutic value. 

 

Confaloni, A., A. Crestini, et al. "Rat nicastrin gene: cDNA isolation, mRNA variants and expression 
pattern analysis." Molecular Brain Research In Press, Corrected Proof
 http://www.sciencedirect.com/science/article/B6T07-4FPX2GC-
1/2/8deec95a53ff24b033675b5ae2cf212a  

 Nicastrin is a type 1 transmembrane glycoprotein that interacts with presenilin, Aph-1, and Pen-2 
proteins to form a high molecular complex with gamma secretase activity. Then, nicastrin has a 
central role in presenilin-mediated processing of beta-amyloid precursor protein and in some 
aspects of Notch/glp-1 signaling in vivo. Here, we isolated a rat nicastrin cDNA and investigated 
gene expression in embryonic and adult rat tissues. The predicted amino acid sequence is 
comprised of 708 residues and showed a high degree of identity with other vertebrate orthologs. 
Besides full-length nicastrin mRNA, we identified an alternative spliced variant lacking the whole 



exon 3 and predicted to encode a 62-residue-long truncated protein. Full-length nicastrin mRNA 
was observed to be ubiquitously expressed, while the spliced variant was preferentially 
transcribed in the nervous system, whether in embryonic or adult neural tissues. Studies 
performed on primary cell cultures demonstrated that the short isoform was expressed in 
neurons, but not in astrocyte and microglial cells. Further experiments performed to verify the 
presence of the variant in neuroblastoma culture failed to show any truncated protein. Treatments 
by cyclohexamide showed the involvement of a quality control-based surveillance mechanism, 
which selectively degrades the exon 3-skipped isoform.In summary, this is the first report 
describing a novel skipped isoform of nicastrin which may suggest a new possible control 
mechanism based on the alternative splicing and nonsense-mediated mRNA decay to regulate 
brain protein expression and provide newer insights into potential implication in Alzheimer's 
disease. 

 

Connell, J. W., T. Rodriguez-Martin, et al. "Quantitative analysis of tau isoform transcripts in sporadic 
tauopathies." Molecular Brain Research In Press, Corrected Proof
 http://www.sciencedirect.com/science/article/B6T07-4FTS2RH-
1/2/7f309513c5ecec1d7144f877a22cd2ed  

 A number of neurodegenerative diseases, including Alzheimer's disease (AD), are characterized 
by intraneuronal accumulation of the tau protein. Some forms of FTDP-17 are caused by 
mutations in the tau gene affecting exon 10 splicing. Therefore, dysregulation of tau pre-mRNA 
splicing may be a contributing factor to sporadic tauopathies. To address this question, we 
devised a real-time RT-PCR strategy based on the use of a single fluorogenic probe to evaluate 
the ratio between tau isoforms containing or lacking exon 10 (4R/3R ratio) in post-mortem brain 
samples. We found a two- to six-fold increase in the 4R/3R ratio in cases of FTDP-17 linked to a 
splice site mutation, hence confirming the validity of the strategy. The difference in the 4R/3R 
ratio in the superior temporal and superior frontal gyri between AD and control brains was not 
statistically significant. Similarly, there was no significant difference in the 4R/3R ratio between 
Pick's disease cases and controls, indicating that the predominance of tau3R protein in PiD 
reflects post-translational modifications of specific isoforms. This study indicates that post-
translational events are likely to be the main factors controlling tau isoform composition in 
sporadic tauopathies and highlights the benefit of quantitative RT-PCR in the assessment of 
splicing abnormalities in tauopathies. 
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 Synaptosomal fractions from rat brain have been analyzed with semi-quantitative RT-PCR 
methods to determine their content of mRNAs coding for presynaptic, postsynaptic, glial, and 
neuronal proteins. Each mRNA was determined with reference to the standard HPRT mRNA. In 
our analyses, mRNAs were considered to be associated with synaptosomes only if their relative 
amounts were higher than in microsomes prepared in a polysome stabilizing medium, rich in 
Mg++ and K+ ions, or in the homogenate. According to this stringent criterion, the following 
synaptosomal mRNAs could not be attributed to microsomal contamination and were assumed to 
derive from the subcellular structures known to harbor their translation products, i.e. GAT-1 
mRNAs from presynaptic terminals and glial processes, MAP2 mRNA from dendrites, GFAP 
mRNA from glial processes, and TAU mRNA from neuronal fragments. This interpretation is in 
agreement with the involvement of extrasomatic mRNAs in local translation processes. 
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Brain Research 39(1-2): 234. 

 http://www.sciencedirect.com/science/article/B6T07-3W496SN-
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 Disruption of the reelin gene by partial deletion causes the neurological phenotype known as 
reeler. Here we report the cloning and sequencing of the reelin breakpoint region from the 
Jackson reeler strain (rl). Based on this sequence, we developed a polymerase chain reaction 
screen that allows the identification of mutant mice prior to the appearance of the phenotype. The 
assay also permits discrimination of heterozygous from wild-type mice. These findings provide a 
strategy for the characterization of the early anatomical and physiological consequences of the 
reeler mutation. 

 

Duzhyy, D. E., Y. Sakai, et al. (2004). "Cloning and developmental expression of Shaker potassium 
channels in the cochlea of the chicken." Molecular Brain Research 121(1-2): 70. 

 http://www.sciencedirect.com/science/article/B6T07-4BCXM1S-
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 Signal coding by the receptor and neuronal cells of the auditory system involves various ion 
channels that modulate a sound stimulus. The genes that encode a number of these ion channels 
and their accessory subunits are presently unknown for channels found in the sensory epithelium 
and cochlear nerve. Among these genes are those that encode delayed rectifier and transient 
type potassium channels found in both the sensory cells and the ganglion. Here, we report the 
cloning and developmental expression of Shaker family members that include cKv1.2, cKv1.3, 
cKv1.5, and the Shaker-related cGMP-gated potassium channel cKCNA10. Clones were obtained 
by screening a chicken embryonic cochlea cDNA library using, as a probe, a mixture of two DNA 
fragments of cKv1.2 and cKv1.3 obtained by the reverse transcription polymerase chain reaction 
(RT-PCR). Sequence analysis revealed chicken homologues of Kv1.2, Kv1.3, Kv1.5 and cGMP-
gated potassium channels with a deduced amino acid homology of 96-98%, 82-84%, 67-71% and 
67-79% to correspondent mammalian homologues. During development of chicken inner ear, RT-
PCR studies show expression of cKv1.2, cKv1.3 and cKv1.5 as early as Embryonic Day (ED) 3, 
while cKCNA10 was detected at low levels beginning on ED6 and was highly expressed by ED9. 
Additionally, analysis of expression in different parts of the cochlea showed that these genes 
were co-expressed in different regions of the cochlea, including the cochlear ganglion, sensory 
epithelium, lagena, and tegmentum. This expression pattern suggests the potential for the 
formation of heteromeric channels from the corresponding [alpha]-subunits in these various 
tissues. 

 

Edwards, M. A., R. A. Loxley, et al. (2004). "Unique levels of expression of N-methyl--aspartate receptor 
subunits and neuronal nitric oxide synthase in the rostral ventrolateral medulla of the 
spontaneously hypertensive rat." Molecular Brain Research 129(1-2): 33. 

 http://www.sciencedirect.com/science/article/B6T07-4CYWTB0-
1/2/05fcbd08b048b0f14502ee991abf8887  

 The rostral ventrolateral medulla (RVLM) is the major brainstem region contributing to 
sympathetic control of blood pressure. We have compared the expression of N-methyl--aspartate 



(NMDA) receptor subunits (NR1, NR2A-D), NR1 splice variants (NR1-1a/1b, -2a/2b, -3a/3b, -
4a/4b), and the neuronal and inducible isoforms of NO synthase (nNOS and iNOS) in the RVLM 
of Wistar Kyoto (WKY) and spontaneously hypertensive rats (SHR), based on the hypothesis that 
altered NMDA receptor make-up or altered expression of endogenous NO may be associated 
with the increase in sympathetic output described from this site in hypertension. Total RNA was 
extracted and reverse transcribed from the RVLM of mature male WKY and SHR (16-23 weeks). 
Conventional polymerase chain reaction (PCR) indicated that only the NR1 splice variants NR1-
2a, NR1-2b, NR1-4a and NR1-4b were expressed in the RVLM of either species. Quantitative 
real-time PCR indicated that for both strains of rat, mRNA for the NR1 subunit (all splice variants) 
was the most abundant (16.5-fold greater, PPPP<=0.05). This was confirmed 
immunohistochemically for nNOS expression. These results demonstrate differential expression 
levels of NMDA receptor subunits and NOS isoforms in the RVLM region of SHR when compared 
to WKY rats. 

 

Eva, C., M. Fusco, et al. (1992). "Nerve growth factor modulates the expression of muscarinic cholinergic 
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 http://www.sciencedirect.com/science/article/B6T07-484NCGY-
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 The effect of nerve growth factor (NGF) on muscarinic receptor subtypes was investigated in a 
primary culture of telencephalic neurons prepared from neonatal rats. The treatment with 100 
ng/ml of NGF significantly enhanced choline acetyltransferase (ChAT) activity and intracellular 
acetylcholine (ACh) content during cultivation. The same treatment induced an early transient 
increase of the number of muscarinic cholinergic receptors (mAChR), as measured by 
[3H]quinuclidinyl benzilate binding to cell homogenate, that was followed by a dramatic decrease 
of the receptor density from the 9th day of culture. Atropine completely prevented the decrease of 
the maximal number of muscarinic recognition sites induced by NGF. Prolonged exposure of 
telencephalic neurons to NGF also induced a significant reduction of the relative content of the 
messenger RNA (mRNA) encoding m1 and m3 receptors, while the m4 transcript was increased 
by the treatment. We suggest that the prolonged stimulation of cholinergic neurons by NGF 
induces a downregulation of m1 and m3 mAChR and their mRNAs on the postsynaptic site, while 
it increases the synthesis of the functionally distinct m4 receptor subtype, which might be 
presynaptically localized on cholinergic neurons. The transient increase of the receptor number 
that occurs at the first days of culture was not paralleled by changes in the relative content of 
mAChR mRNAs and might be associated with the trophic activity of NGF on cholinergic synapses 
during early development. 

 

Fathi, Z., P. M. Battaglino, et al. (1998). "Molecular characterization, pharmacological properties and 
chromosomal localization of the human GALR2 galanin receptor." Molecular Brain Research 
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 The neuropeptide galanin mediates a diverse spectrum of biological activities by interacting with 
specific G protein-coupled receptors. We have used homology genomic library screening and 
polymerase chain reaction (PCR) techniques to isolate both genomic and cDNA clones encoding 
the human homolog of the recently cloned rat GALR2 galanin receptor. By fluorescence in situ 
hybridization, the gene encoding human GALR2 (GALNR2) has been localized to chromosome 
17q25.3. The two coding exons of the human GALNR2 gene, interrupted by an intron positioned 



at the end of transmembrane domain III, encode a 387 amino acid G protein-coupled receptor 
with 87% overall amino acid identity with rat GALR2. In HEK-293 cells stably expressing human 
GALR2, binding of porcine galanin is saturable and can be displaced by galanin, amino-terminal 
galanin fragments and chimeric galanin peptides but not by carboxy-terminal galanin fragments. 
In HEK-293 cells, human GALR2 couples both to G[alpha]q/11 to stimulate phospholipase C and 
increase intracellular calcium levels and to G[alpha]i/o to inhibit forskolin-stimulated intracellular 
cAMP accumulation. A wide tissue distribution is observed by reverse transcriptase (RT)-PCR 
analysis, with human GALR2 mRNA being detected in many areas of the human central nervous 
system as well as in peripheral tissues. 
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 The neuropeptide galanin mediates a diverse spectrum of biological activities by interacting with 
specific G-protein-coupled receptors. Through expression cloning, human and rat GALR1 
receptor cDNA clones have previously been isolated and characterized. In this study, we have 
used homology screening to isolate a rat brain cDNA clone encoding a second galanin receptor 
subtype, the GALR2 receptor. The isolated cDNA encodes a 372-amino-acid G-protein-coupled 
receptor that shares 38% overall amino-acid identity with the rat GALR1 receptor. The 
pharmacological profile of the rat GALR2 receptor is similar to that of the rat GALR1 receptor. 
The rat GALR2 receptor binds galanin, N-terminal galanin fragments, and the putative galanin 
receptor antagonists galantide, C7, M35 and M40 with high affinity but it does not bind C-terminal 
galanin fragments. Galanin increases intracellular inositol phosphate levels in HEK 293 cells 
expressing the rat GALR2 receptor via a pertussis toxin-insensitive G-protein. The rat GALR2 
receptor mRNA is highly expressed in several brain regions, including hypothalamus and 
hippocampus as well as the anterior pituitary, with lower levels of expression detected in 
amygdala, and regions of cortex. It is also highly expressed in the GH3 pituitary cell line and in 
gut tissues, and to a lower extent in spleen, lung, skeletal muscle, heart, kidney, liver and testis. 
These results suggest that GALR2 receptor mediates galanin's regulation of pituitary hormone 
secretion and possibly food intake. 
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 http://www.sciencedirect.com/science/article/B6T07-3YGV58W-
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 Previous studies have implicated the N-methyl--aspartate receptor (NMDAR) complex in the 
physical dependence and withdrawal effects of chronic ethanol administration. In this study, we 
examined the effect of chronic ethanol administration and ethanol withdrawal on the NMDAR 
subunit R1, R2A, R2B, and R2C mRNA levels in rat hippocampus, cerebral cortex, and 
cerebellum. Using the RNase protection assay, we compared the levels of the NMDAR subunits 
mRNAs in ethanol-treated and control rats. Our results indicate that chronic ethanol 
administration and ethanol withdrawal do not change the NMDAR R1 subunit mRNA levels in 
cerebral cortex, hippocampus, or cerebellum at any time point. In contrast, 9 h after the last 
ethanol administration the R2A and R2B mRNA subunits were elevated by [ap] 40% in cerebral 
cortex, and [ap] 30% in hippocampus with respect to the levels in control animals. At 48 h the 
mRNA levels returned to the control levels. The chronic ethanol treatment did not alter R1, R2A, 
and R2C subunit mRNA levels in cerebellum. Our results demonstrate that chronic ethanol 



administration produces a differential regulation of the genes encoding the various subunits of the 
NMDAR. 

 

Frostholm, A., J. E. Evans, et al. (2000). "Harmaline-induced changes in gamma aminobutyric acidA 
receptor subunit mRNA expression in murine olivocerebellar nuclei." Molecular Brain Research 
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 Increased CNS activity in the form of electrically or chemically induced seizures is known to alter 
the properties of GABAA receptors. The tremorgen, harmaline, causes a bursting pattern of 
activity in inferior olivary neurons, the effects of which are transmitted throughout the 
olivocerebellar circuit to other regions of the CNS. In situ hybridization was used to determine the 
effect of this increased activity on gamma aminobutyric acidA (GABAA) receptor subunit gene 
expression in the cerebellar Purkinje cell layer, deep cerebellar nuclei and inferior olivary complex 
of adult mice. In Purkinje cells, the expression of [alpha]1, [beta]2, and [gamma]2 mRNAs was 
increased only slightly (2 transcript levels were initially elevated (26%), but dropped to control 
levels immediately thereafter. The expression of [alpha]2, [alpha]4, [beta]3 and [gamma]1 mRNAs 
in olivary neurons was affected differentially by harmaline administration. The [alpha]4 transcript 
was increased, reaching >60% above control levels at 6 h post-injection. A smaller increase was 
observed for [alpha]2 mRNA, while [beta]3 and [gamma]1 transcripts dropped below control 
levels during the same period. The expression of corticotropin-releasing factor mRNA was also 
elevated in the olivary complex. These data indicate that while Purkinje cells and deep cerebellar 
neurons are only minimally affected, harmaline induced changes in cellular properties may result 
in increased numbers of [alpha]4-containing, diazepam-insensitive, GABAA receptors in olivary 
neurons. 

 

Frostholm, A., D. Zdilar, et al. (1992). "Ontogeny of GABAA/benzodiazepine receptor subunit mRNAs in 
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binding sites." Molecular Brain Research 16(3-4): 246. 

 http://www.sciencedirect.com/science/article/B6T07-485H1Y9-
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 The GABAA/benzodiazepine receptor consists of at least four subunits, [alpha], [beta], [gamma] 
and [delta], each comprised of several variants. The developmental expression of the [alpha]1, 
[beta]1-3, [gamma]2 and [delta] subunits was studied in the murine inferior olivary nucleus by in 
situ hybridization with antisense cRNA probes. The postnatal appearance and distribution of 
[3H]flunitrazepam and [3H]muscimol binding sites, [alpha] and [beta] subunit-specific ligands 
respectively, were also studied autoradiographically. The [beta]3 subunit was transiently 
expressed in each of the subnuclei of the inferior olive: The signal was strong at birth, increased 
throughout postnatal week 1 and rapidly declined thereafter to low adult levels. A similar pattern 
of labeling was observed with [3H]muscimol. Detectable levels of [alpha]1 subunit mRNA 
hybridization signal and [3H]flunitrazepam binding sites were also present in the inferior olive at 
birth, decreasing thereafter. Low to moderate levels of [beta]1, [beta]2, and [gamma]2 subunit 
mRNAs were present in olivary neurons throughout postnatal development, while [delta] mRNAs 
were largely absent. It has been reported previously that, during the 2nd postnatal week, the ratio 
of climbing fiber terminals to Purkinje cells is reduced from 3: 1, as observed in neonates, to the 
1: 1 relationship observed in the adult cerebellar cortex. Our results raise the possibility that the 
subunit composition of the GABAA/benzodiazepine receptor in inferior olivary neurons undergoes 
changes during development, and that this process may be related to the elimination of multiple 



climbing fiber innervation of cerebellar Purkinje cells. 
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 GLUT1 and GLUT3 mRNAs in normal and post-ischemic gerbil brains were examined 
qualitatively and semi-quantitatively using in situ hybridization in conjunction with image analysis. 
Coronal brain sections at the level of the anterior hippocampus were prepared three hours, one 
day, and three days after animals were subjected to six min of ischemia. The sections were 
hybridized with vector- and PCR-generated RNA probes labeled with 35S. Microscopic evaluation 
of hybridized brain sections coated with autoradiographic emulsion indicated that GLUT1 mRNA 
was associated with brain microvessels, choroid plexus, and some ependymal cells. GLUT1 
mRNA was not observed in neurons, except that one day following ischemia, this mRNA was 
induced in neurons of the dentate gyrus. GLUT3 mRNA was detected only in neurons. Image 
analysis of film autoradiograms revealed that both the GLUT1 and GLUT3 messages increased 
following ischemia but returned nearly to control levels by day three. In the CA1 region of the 
hippocampus the increase in GLUT3 mRNA was not statistically significant, and by day three the 
level had fallen significantly below the control, coinciding with the degeneration of the CA1 
neurons. Our results suggest that the brain possesses mechanisms for induction and up-
regulation of glucose transporter gene expression. 
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brain." Molecular Brain Research 88(1-2): 113. 

 http://www.sciencedirect.com/science/article/B6T07-42R0S6R-
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 Regulators of G-protein signaling (RGS) proteins are a novel family of GTPase-activating proteins 
that interact with G[alpha] subunits of the Gi/o, Gz, Gq and G12/13 subfamilies to dampen G-
protein-coupled receptor (GPCR)-mediated signaling by accelerating intrinsic G[alpha]-GTPase 
activity. In the present study, we report on messenger ribonucleic acid (mRNA) localization in rat 
brain of six RGS genes by in situ hybridization. The distribution patterns of RGS2, RGS13, 
RGS14 and GAIP (G[alpha] interacting protein) overlapped in most brain regions examined. 
Highest regional expression was observed for RGS2 in the cerebral cortical layers, striatum, 
hippocampal formation, several thalamic and hypothalamic nuclei and hindbrain regions such as 
the pontine, interpeduncular and dorsal raphe nuclei. Levels of RGS14 mRNA closely paralleled 
those of RGS2 expression levels throughout most brain regions. RGS13 mRNA was enriched in 
the hippocampal formation, amygdala, mammillary nuclei as well as the pontine and 
interpeduncular nuclei. GAIP expression levels were highest in the hippocampal formation with 
moderate to low levels present in all other regions studied. Of the six RGS genes probed, RGS16 
mRNA displayed a discrete localization predominantly in the thalamic midline/intralaminar and 
principal relay nuclei, and the hypothalamic suprachiasmatic nucleus. RGS1 mRNA signal was 
not detected in brain. In conclusion, the in situ hybridization studies for RGS2, RGS13, RGS14, 
RGS16 and GAIP mRNAs extend our knowledge of the distribution of RGS genes expressed in 
the rat central nervous system, and indicate overlapping RGS-enriched regions that may be 
indicative of functional diversification in GPCR signaling pathway modulation. 



 

Gray, C. W. and A. J. Patel (1993). "Regulation of [beta]-amyloid precursor protein isoform mRNAs by 
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 In cultured astrocytes, all three major transcripts of [beta]-amyloid precursor protein (APP) were 
expressed with the ratio for APP695, APP751 and APP770 isoform mRNAs being 1:4:2. In 
comparison with controls, treatment of astrocytes with transforming growth factor-[beta]1 (TGF-
[beta]) produced about 6 fold increase in total APP mRNA, while elevation in the interleukin-
1[beta] (IL-1[beta]) treated group was small and may relate to the mitogenic effect of IL-1[beta] on 
astrocytes. Treatment of astrocytes with cytokines also produced marked changes in the 
upregulation in expression of different APP isoforms. The net increase in mRNAs of KPI-
containing isoforms APP751 and APP770 was relatively more than for the APP695 isoform. This 
phenomenon was mainly related to the differences in the expression of KPI-containing APP 
isoforms and APP695 isoform in the controls. The present findings provide further evidence for 
the involvement of astrocytes in a cascade of events leading to the development of senile 
plaques in Alzheimer's disease and Down's syndrome. 
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 The effects of corticosterone (CORT) and dehydroepiandrosterone (DHEA) on the expression of 
growth factor mRNA in either primary hippocampal cultures or astrocyte-enriched cultures from 
E18 CD rats was studied. In mixed primary cultures, 1 [mu]M CORT up-regulated basic fibroblast 
growth factor (bFGF; FGF2) after 6 h of exposure, but down-regulated nerve growth factor (NGF), 
brain-derived neurotrophic factor (BDNF) and neurotrophin-3 (NT-3) were unchanged. A 100 
[mu]M NMDA alone decreased NT-3, increased BDNF, but had no effect on NGF or FGF2. 
Concurrently administered CORT had no additional effect on either NGF, BDNF or NT-3, but up-
regulated FGF2. In astrocytic cultures, 1 [mu]M CORT increased FGF2 and NT-3, but decreased 
BDNF and NGF. A dose-response study confirmed these results. DHEA (100 nM) up-regulated 
NGF after 3 h, but not at other time points (6, 12, 24, 48 h). It had no effect on the other growth 
factors in mixed primary cultures. In astrocytic cultures, there was no effect of DHEA. Adding 
DHEA or its sulphate (up to 1 [mu]M) to CORT did not alter the latter's action on growth factor 
mRNA expression. These results show that CORT has a selective action on growth factor 
expression, which was greater in astrocytic than in mixed cultures, that CORT amplifies or 
moderates activity-induced expression following NMDA, but that DHEA does not influence the 
effects of CORT on growth factor mRNA expression under these conditions. 
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 P2X receptors are ligand-gated ion channels which are activated by excitatory neurotransmitter 
ATP. Despite considerable evidence of signaling by extracellular nucleotides in other sensory 
systems, P2X receptors in the visual system have only rarely been studied, and almost nothing is 
known about their functional significance in the retina. To determine whether ATP plays a role in 
the modulation of vertical retinal signal pathways, we examined the expression of P2X receptor 
mRNA in freshly isolated bipolar cells of the rat retina (Brown Norway, P25) using the single-cell 
RT-PCR technique. Positive amplification signals were found in about 33% of the bipolar cells for 
P2X3, P2X4 and P2X5 but not for P2X7 mRNA. We conclude that at least a subpopulation of 
bipolar cells in the rat retina expresses ionotropic P2 receptors of the P2X type and that these 
possibly exert a neuromodulatory influence on information processing in the retina. 
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 http://www.sciencedirect.com/science/article/B6T07-4F9F8GX-
1/2/725ce0716e4627dbc0b0745f3ca77980  

 Neurons of the basal forebrain (BF) possess unique combinations of voltage-gated membrane 
currents. Here, we describe subtypes of rat basal forebrain neurons based on patch-clamp 
analysis of low-voltage activated (LVA) calcium and tetrodotoxin-resistant (TTX-R) sodium 
currents combined with single-cell RT-PCR analysis. Neurons were identified by mRNA 
expression of choline acetyltransferase (ChAT+, cholinergic) and glutamate decarboxylase 
(GAD67, GABAergic). Four cell types were encountered: ChAT+, GAD+, ChAT+/GAD+ and 
ChAT-/GAD- cells. Both ChAT+ and ChAT+/GAD+ cells (71/75) displayed LVA currents and most 
(34/39) expressed mRNA for LVA Ca2+ channel subunits. Cav3.2 was detected in 31/34 
cholinergic neurons and Cav3.1 was expressed in 6/34 cells. Three cells expressed both 
subunits. No single neurons showed Cav3.3 mRNA expression, although BF tissue expression 
was observed. In young rats (2-4 mo), ChAT+/GAD+ cells displayed larger LVA current densities 
compared to ChAT+ neurons, while these latter neurons displayed an age-related increase in 
current densities. Most (29/38) noncholinergic neurons (GAD+ and ChAT-/GAD-) possessed fast 
TTX-R sodium currents resembling those mediated by Na+ channel subunit Nav1.5. This subunit 
was expressed predominately in noncholinergic neurons. No cholinergic cells (0/75) displayed 
fast TTX-R currents. The TTX-R currents were faster and larger in GAD+ neurons compared to 
ChAT-/GAD- neurons. The properties of ChAT+/GAD+ neurons resemble those of ChAT+ 
neurons, rather than of GAD+ neurons. These results suggest novel features of subtypes of 
cholinergic and noncholinergic neurons within the BF that may provide new insights for 
understanding normal BF function. 
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 The aromatase cytochrome P-450 (P-450AROM) cDNA, which was identified by homologies in 
the DNA and in the deduced amino acid sequences with human P-450AROM cDNA, was isolated 
from a brain cDNA library of Japanese quail, demonstrating the presence of RNA transcripts of P-
450AROM in the quail brain. To determine trace amounts of P-450AROM mRNA in the brain and 
to examine the effects of testosterone on its expression, a quantitative PCR method of RNA 
transcripts was developed. Brain total RNA was subjected to reverse transcription reaction and 
then quantitated by PCR from cDNA with a fluorescent dye-labeled primer. The quantity of P-
450AROM mRNA was calculated by using an internal standard of modified P-450AROM (m-P-



450AROM) RNA. The brain P-450AROM was primarily transcribed in the hypothalamus area 
(1.15+/-0.14 amol/[mu]g of RNA) and traces of transcripts only were detected in the cerebellum 
(0.038+/-0.005 amol/[mu]g of RNA). The P-450AROM mRNA in the hypothalamus of castrated 
quail was low (0.270+/-0.078 amol/[mu]g of RNA) and increased 4- to 5-fold following treatment 
with testosterone. These results demonstrate, for the first time, that the increase in P-450AROM 
activity that is observed in the brain following treatment with testosterone results from a 
pretranslational regulation of the P-450AROM by androgens. 
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 Glutamate, the major excitatory neurotransmitter, is preferentially catabolized in astrocytes by 
glutamate dehydrogenase (GDH). Treatment of an astrocytic cell line with hydrocortisone (10-5 
M) resulted in increased expression of GDH mRNA. Transfection of the cells with truncated parts 
of the GDH promoter showed that genomic responsive elements activated by hydrocortisone are 
localized in the -557/+1 region of the promoter. This control of GDH expression by glucocorticoids 
may be involved in their protective effect against glutamate excitotoxicity. 
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ischemia." Molecular Brain Research 89(1-2): 133. 
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 Proteins of the caspase family are involved in the signalling pathway that ultimately leads to 
programmed cell death (apoptosis), which has been reported to occur in some experimental 
models of stroke. In a previous paper we used quantitative reverse transcription and polymerase 
chain reaction (RT-PCR) to characterise changes in the mRNA expression of one member of this 
family, caspase-3, in a rat model of permanent focal ischemia. Here we have used this technique 
to study the expression of a further three caspases which are involved in different aspects of 
caspase signalling. Caspase-8, involved in Fas-mediated apoptosis, was upregulated in the 
cortex of ischemic rats. Caspase-11, which leads to the synthesis of the functional form of the 
cytokine interleukin-1[beta], also showed increased expression, but with a different temporal 
profile from caspase-8. In contrast, caspase-9, which forms part of the pathway signalling through 
the mitochondria, showed a decrease in expression. The expression of a further four caspases 
(1, 2, 6 and 7) has also been characterised in a simpler experiment. These caspases all showed 
distinctive patterns of expression following the induction of ischemia. These data lead us to 
conclude that caspase expression as a whole is under very strict transcriptional control in this 
model. Certain elements of caspase signalling, such as the Fas-induced pathway and the events 
upstream of IL-1[beta] processing, are upregulated, while others are not. This may be due to 
some form of genetic program activated in response to ischemia in the brain and may highlight 
which biological pathways are modulated. 
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 Quantitative reverse transcription and polymerisation chain reaction (RT-PCR) using 
Taqman(TM) fluorogenic probes has been used to measure changes in gene expression in the 
cerebral cortex of rats in the permanent middle cerebral artery occlusion (pMCAO) model of focal 
ischemia. The mRNA levels of three housekeeping genes have been analysed in this model to 
determine which gene showed least change following experimental insult. In the lesioned cortex, 
[beta]-actin mRNA increased at 24 h, while the levels of cyclophilin and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) did not change. We have also used this methodology to 
examine modulations in the level of caspase-3 mRNA during focal ischemia in the rat. Caspase-3 
mRNA showed a 41% increase at 6 h post-MCAO, which was specific to the lesioned cortex. This 
change became more pronounced with time, showing an increase of 220% at 24 h. This 
methodology enables changes in mRNA expression to be analysed more sensitively and 
quantitatively than other available techniques and highlights the need for careful choice of control 
or housekeeping genes used for RNA comparisons. 
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 We examined the expression of hepatocyte growth factor (HGF) mRNA and its receptor, c-met 
mRNA, in the dorsal root ganglia (DRG) and spinal cord of naive adult rats using in situ 
hybridization histochemistry (ISHH) and the reverse transcription-polymerase chain reaction (RT-
PCR) technique. HGF mRNA was expressed in 25.0% of DRG neurons and 80.5% of HGF 
mRNA-positive neurons expressed trkA mRNA. In the lumbar spinal cord, c-met mRNA signals 
were observed in the superficial layer of dorsal horn. These results suggest that the HGF/cMet 
system may be involved in sensory transmission. 
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basolateral amygdala CRF-binding protein gene expression." Molecular Brain Research 131(1-2): 
17. 

 http://www.sciencedirect.com/science/article/B6T07-4DBX7P9-
1/2/5d068ef9d8df23989286a2d60d03874a  

 Corticotropin-releasing factor (CRF) is a key mediator of the behavioral, autonomic, and 
endocrine responses to stress. CRF binds two receptors and a CRF-binding protein (CRF-BP), 
which may inactivate or modulate the actions of CRF at its receptors. The amygdala is an 
important anatomical substrate for CRF and contains CRF, its receptors, and CRF-BP. Few 
studies have examined the effects of acute stress on the regulation of amygdala CRF-BP with 
other CRF system genes. Therefore, we examined the time course of the effects of acute 
restraint stress on central (CeA) and basolateral (BLA) amygdala CRF system genes. Consistent 
with our previous study, acute stress increased BLA CRF-BP mRNA shortly after stress offset. 
Surprisingly, BLA CRF-BP mRNA remained elevated up to 21 h after the stressor. This effect was 
selective in the BLA as stress did not alter CeA CRF-BP mRNA, and there were no changes in 
CRF or CRF receptor mRNAs in either amygdala nucleus. These results suggest that alterations 
in BLA CRF-BP gene expression are a primary response of the BLA/CeA CRF system to acute 
stress. Because CRF-BP can modulate CRF action, changes in amygdala CRF-BP levels after 



stress exposure may affect the ability of an organism to adapt to future stressors. 
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 The literature describing the expression of 5-HT receptor subtypes by astrocytes is controversial 
and incomplete. It is clear that primary cultures of astrocytes express receptors of the 5-HT2 
family coupled to phospholipase C and of the 5-HT7 receptor family positively coupled to adenylyl 
cyclase. Cultured astrocytes have also been reported to express receptors of the 5-HT1 family, 
although the exact subtypes present are unknown. In the present study we have investigated 
which of the known rat G-protein coupled 5-HT receptor mRNAs are expressed by cultured 
astrocytes. Reverse transcriptase-polymerase chain reaction (RT-PCR) revealed expression of 5-
HT1A, 5-HT1B, 5-HT1D, 5-HT1F, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT5B, 5-HT6 and 5-HT7 receptor 
mRNAs in astrocytes derived from 2-day old rats and cultured for 10-12 days. Messenger RNAs 
for 5-HT4 and 5-HT5A receptors were not detected. The functional expression of 5-HT1 receptor 
subtypes was investigated by measuring the ability of 5-HT1 receptor agonists: 8-OH-DPAT (5-
HT1A receptors), RU24969 (5-HT1A, 5-HT1B, 5-HT1D, and 5-HT1F receptors) or sumatriptan (5-
HT1B, 5-HT1D, and 5-HT1F receptors) to modulate forskolin or isoproterenol stimulated cAMP 
production. These compounds, at concentrations up to 10 [mu]M, did not significantly attenuate 
cAMP production. These results indicate that although astrocytes express mRNA for each of the 
five 5-HT1 receptor subtypes which have been isolated from the rat, these receptors are not 
coupled to the inhibition of adenylyl cyclase. 
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 Using in situ hybridization, Northern blotting and RT-PCR we studied the post-ischemic 
expression of bcl-2, bcl-x, bax and ICE. One day following 5 min or 10 min of global ischemia bcl-
2 and bcl-x mRNAs were induced in CA1 hippocampal pyramidal neurons while bax was 
unchanged. By 72 h after ischemia the expression of bcl-2, and bcl-x and bax mRNAs decreased 
in CA1. The large isoform of bcl-x (bcl-xL), detected using RT-PCR, decreased in whole 
hippocampus by 24-72 h after ischemia relative to the putative short (bcl-xS) and transmembrane 
deleted (bcl-x[Delta]TM) forms. Oligonucleotides to interleukin-1[beta] convertase (ICE), which 
detected the expected 2-kb transcript and two lesser 1.5- and 3-kb hybridizing species, 
demonstrated slight mRNA induction in the CA1 at 72 h following ischemia. DNA nick end-
labeling at 3 days following ischemia showed DNA fragmentation in neurons limited to the CA1 
region of hippocampus following 5 min ischemia, while DNA fragmentation was detected in CA1, 
CA3, dentate gyrus and cortical neurons following 10 min ischemia. The data support the view 
that hippocampal neurons might undergo an apoptosis-like death after global ischemia. Since 
global ischemia decreases total protein synthesis especially in the CA1 region, the increases in 
bcl-2 mRNA levels may not necessarily lead to increased Bcl-2 protein levels. This may explain 
why the CA1 neurons die despite the prominent induction of the protective bcl-2 gene. The 
observed decrease by 24 h in the bcl-xL/bcl-xS ratio which preceded DNA fragmentation may 
participate in the cell death produced by ischemia. However, because of the ischemia-induced 
decrease in total protein synthesis, the decreased bcl-xL/bcl-xS ratio does not necessarily lead to 



a changed ratio in the amount of the appropriate proteins. Since ICE like mRNA was induced at 
72 h when the CA1 neurons were dead, the significance of this ICE-like mRNA induction remains 
unclear. 
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 This study investigates the regulatory effects of growth factors upon angiotensin II type 2 (AT2) 
mRNA levels in neurons co-cultured from newborn rat hypothalamus and brainstem. Incubation of 
cultured neurons with nerve growth factor (NGF; 5-50 ng/ml) caused time-dependent changes in 
the steady-state levels of AT2 receptor mRNA. Short-term (0.5-1.0 h) incubations with NGF 
resulted in significant increases in AT2 receptor mRNA, whereas longer-term incubations (4-24 h) 
caused significant decreases. Activation of NGF receptors is known to stimulate phospholipase 
C-[gamma] and subsequently activate protein kinase C (PKC). Incubation of cultures with the 
PKC activator, phorbol-12-myristate-13-acetate (PMA; 100 nM), caused temporal changes in AT2 
receptor mRNA levels similar to those observed with NGF. By contrast, insulin (0.1-10 [mu]g/ml) 
elicited only significant decreases in AT2 receptor mRNA levels. The observed abilities of NGF 
and insulin to regulate the expression of AT2 receptor mRNA are consistent with the fact that the 
AT2 receptor gene promoter region contains several cis DNA regulatory elements that respond to 
growth factor-stimulated transcription factors. These novel observations which show that NGF 
and insulin can regulate AT2 receptor mRNA in neurons derived from neonatal rat CNS lend 
support to the idea that AT2 receptors have a role in development and differentiation. 
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 Functional expression of norepinephrine transporter (NET) and its regulation were examined in 
rat pheochromocytoma cell line, PC12. Nerve growth factor (NGF) decreased [3H]-
norepinephrine (NE) uptake in association with a decrease in NET mRNA levels. On the other 
hand, levels of tyrosine hydroxylase mRNA increased in PC12 cells treated with NGF for 4-24 h, 
while Oct-2 mRNA levels decreased at 4 h with NGF then recovered for 8-24 h in the presence of 
NGF. Both bFGF and EGF reduced [3H]NE uptake, although they failed to affect NET mRNA 
levels. To examine the NET transcriptional regulation, we identified the 5'-noncoding region of rat 
NET mRNA by the rapid amplification of cDNA end (RACE) method and cloned the 5'-flanking 
region of NET gene. The newly identified exon encodes the untranslated region of rat NET mRNA 
upstream of the known 5'-region including ATG start codon. Constructs having green fluorescent 
protein (GFP) as reporter were made with the cloned NET gene, and promoter activity was 
examined in CHO and SK-N-SH cells transiently transfected and in PC12 cells stably transfected 
with NET-GFP constructs. The results indicate that the 2.1 kb NET flanking region displays 
promoter activity and is responsible for the NGF-induced down-regulation of NET expression. 
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 We cloned genes the expression of which were induced 3 days after cortical injury of rat brain by 
a differential display technique, and four novel and known sequences were isolated. Among these 
sequences, the sgk gene which was recently identified as a novel member of the serine/threonine 
protein kinase gene family, was selected for analysis of its expression patterns in rat brain by 
northern blotting and in situ hybridization, because hybridization signals were strong at the lesion 
sites. Expression of sgk mRNA was induced within 3 days after injury, and was maintained at a 
high level for at least 14 days. The cells which strongly expressed the sgk gene were in the deep 
layers of the cortex and in the corpus callosum. In situ hybridization analysis for sgk and myelin 
proteolipid protein mRNA using serial sections showed that the distribution of both signals was 
very similar at the damaged regions. Therefore, it is likely that the sgk transcript is expressed by 
oligodendrocytes after brain injury. Investigation of the developmental expression of the sgk gene 
showed that neurons in layers I and II of the cortex, lateroposterior and laterodorsal thalamic 
nucleus, and ventral posterolateral and posteromedial thalamic nucleus strongly expressed sgk 
mRNA at postnatal day 1 and day 7, but these neurons showed no expression in fetal or adult 
brain. These results suggest that the induction of sgk gene may be associated with a series of 
axonal regenerations after brain injury, and in addition, the sgk gene may also play important 
roles in the development of particular groups of neurons in the postnatal brain. 
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 We have isolated a 3845 base-pair cDNA (BNGLUAS) encoding a bovine glutamate transporter 
(bovine GLAST) by screening a bovine retina cDNA library with an oligonucleotide probe 
corresponding to conserved regions of known glutamate transporters. The cDNA sequence 
predicted a protein of 542 amino acids and displayed 96% and 97% amino acid identity with the 
rat GLAST/GluT-1 and human GLAST, respectively. Expression of the bovine GLAST in Xenopus 
oocytes revealed Na+-dependent [14C]-glutamate uptake and electrogenic glutamate uptake. 
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 We screened the serotonin5A receptor gene coding region in 186 unrelated alcoholic patients 
and 187 controls. A relatively abundant amino acid substitution and two synonymous DNA 
substitutions were detected. Two synonymous variants, A12T and C789T, had rarer-allele 
frequencies of 23% and 1%, respectively. The Pro15Ser substitution is located in the amino 
terminal, extracellular domain of the receptor adjacent to a putative phosphorylation site. 
Pro15Ser had rarer-allele frequencies of 8.1% and 5.9% in Finnish alcoholic patients and 
controls, respectively (p=n.s.). 
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 P2X receptors are ligand-gated ion channels activated by ATP. They are expressed in a broad 
variety of tissues. To date, eight P2X receptor subunits (P2X1-P2X7, P2XM) have been cloned. 
In spite of the considerable evidence of signaling by extracellular nucleotides in other sensory 
systems, only few studies have been undertaken in the retina. In earlier studies, we have 
demonstrated that there is mRNA expression of the P2X2-5 and P2X7 subunits in the rat retina. 
In the present study, molecular biological methods were used to investigate expression of P2X 
receptor mRNA in freshly isolated Muller cells (MCs) of the adult rat retina (Brown Norway). A 
total of 36 MCs was analyzed, employing the single-cell RT-PCR. A positive amplification signal 
of 11/14 for P2X3-mRNA, 5/10 for P2X4-mRNA, 3/10 for P2X5-mRNA and 0/8 for P2X7-mRNA 
was revealed. Additionally, the astroglial identity of the cells under studied was confirmed in 10 
cases by simultaneous amplification of RT-PCR products of glutamine synthetase (GS)- and 
P2X-mRNA. We conclude that MCs of rat retina express ionotropic P2 receptors, which, in 
addition to other functions, may play a key role within the recently described long range calcium 
signaling and the fast direct glia-neuron interactions in the rat retina. 

 

Jeohn, G. H., R. C. C. Chang, et al. (2000). "Post-transcriptional inhibition of lipopolysaccharide-induced 
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 Glia in the brain respond to various toxins with an increased expression of inducible nitric oxide 
synthase (iNOS) and an increased production of nitric oxide (NO). Here, we report that 
lipopolysaccharide (LPS)-induced expression of iNOS was down-regulated post-transcriptionally 
through the destabilization of iNOS mRNA by the indolocarbazole compound, Go6976, in murine 
microglia. This Go6976 effect is specific for iNOS since tumor necrosis factor [alpha] was 
unaffected by the compound. Interestingly, the post-transcriptional effects ascribed to Go6976 
were not observed with other inhibitors of protein kinase A, C (PKC), G, or protein tyrosine 
kinases. Instead, these kinases appear to affect the iNOS/NO system at the transcriptional level. 
In the past, Go6976 has been reported to be a rather specific inhibitor of PKC in vitro. Results 
from our experiments, through prolonged treatment with phorbol esters and with the various PKC 
inhibitors including phorbol ester-insensitive PKC isotype inhibitor, suggest that the Go6976-
mediated post-transcriptional regulation of iNOS gene expression and NO production in microglia 
is not mediated through its reputed effects on PKC activity. Since the effects of various 
neurotoxins and certain neurodegenerative diseases may be manifested through alterations in 
the iNOS/NO system, post-transcriptional control of this system may represent a novel strategy 
for therapeutic intervention. 
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 The expression of inducible nitric oxide synthase (iNOS) and the production of nitric oxide (NO) 
after exposure to endotoxins has been implicated in immune-mediated neurotoxicity. The 
indolocarbazole compound Go6976, which has been described as a selective protein kinase C 
(PKC) inhibitor in vitro, rescued neurons from lipopolysaccharide/interferon-[gamma] 
(LPS/IFN[gamma])- or interleukin-1[alpha]/tumor necrosis [alpha]/IFN[gamma] (IL-
1[alpha]/TNF[alpha]/IFN[gamma])-induced cytotoxicity in murine primary neuron-glia co-cultures. 
Other compounds known to inhibit PKC, Ro31-8220, GF109203X, Go7874, H7, staurosporine 
and H89, failed to rescue neurons from the LPS/IFN[gamma]-induced cytotoxicity. These results 
suggest that the neuroprotection by Go6976 from the LPS/IFN[gamma]-induced neuronal cell 
death is not mediated through its reputed effects on PKC activity. The neuroprotection paralleled 
the inhibition of iNOS gene expression and NO production. However, further analyses correlating 
NO production with the extent of neurotoxicity suggested that additional mechanism(s) besides 
the inhibition of the iNOS/NO system may be responsible for the neuroprotective effects of 
Go6976. An understanding of the mechanism underlying the neuroprotective effect of Go6976 
may provide key insights into potential interventions for immune-mediated neurodegenerative 
diseases. 
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 Characteristics of the cellular response to oxygen deprivation and subsequent reoxygenation 
(hypoxia/reoxygenation) include redirection of energy metabolism, increased glucose utilization 
and expression of oxygen-regulated proteins. Inhibition of protein synthesis during early 
reoxygenation period prevented effective astrocyte adaptation to hypoxia/reoxygenation, resulting 
in eventual cell death. To elucidate the role of astrocytes in the central nervous system in 
response to hypoxia/reoxygenation, we analyzed the cDNA library derived from the cultured rat 
astrocytes subjected to 24 h of hypoxia followed by reoxygenation by differential display, and 
isolated a cDNA corresponding to Na/K ATPase [alpha]1 subunit. The expression of Na/K 
ATPase [alpha]1 subunit mRNA as well as [beta]1subunit mRNA was transiently increased after 
reoxygenation, whereas hypoxia itself did not induce any gene expression change. Na/K ATPase 
[alpha]1 subunit protein was transiently increased, whereas the protein expression for Na/K 
ATPase [beta]1 subunit showed sustained induction after reoxygenation. Overexpression of 
[beta]1 subunit in HEK 293 cells subjected to hypoxia/reoxygenation promoted survival of the 
cells. These findings suggest that Na/K ATPases may contribute to maintain the cellular 
environment of astrocytes subjected to hypoxia/reoxygenation. 

 

Kashiwagi, K., Y. Iizuka, et al. (2003). "Differences in nitric oxide production: a comparison of retinal 
ganglion cells and retinal glial cells cultured under hypoxic conditions." Molecular Brain Research 
112(1-2): 126. 

 http://www.sciencedirect.com/science/article/B6T07-4841424-
5/2/395d975b6fa25ad56807fb7265183fe7  

 The aim of this study was to compare the effects of hypoxia on nitric oxide synthase (NOS) 



expression and the production of NO between isolated retinal ganglion cells (RGCs) and retinal 
glial cells. Reverse transcription-polymerase chain reaction (RT-PCR) was employed to examine 
the presence of neuronal NOS mRNA, inducible NOS mRNA, and endothelial NOS mRNAs in the 
two cell types. RGCs and retinal glial cells were separately cultured under hypoxic (10% O2) or 
control (20% O2) conditions. Changes in NOS-mRNA expression were quantified by real-time 
PCR, and nitrite in the medium was measured up to 96 h of culture. The effects of non-NOS- and 
iNOS-selective inhibitors on hypoxia-induced release of nitrite in the culture medium were 
evaluated. RT-PCR revealed the presence of three types of NOSs in the two types of cultured 
cells. Hypoxic culture conditions significantly changed the expression of all NOS mRNAs in retinal 
glial cells but not in RGCs. NO production showed significant changes corresponding to those of 
NOS mRNAs in retinal glial cells but not in RGCs, and both NOS inhibitors significantly reduced 
hypoxia-induced nitrite release in retinal glial cells. Retinal glial cells but not RGCs may be the 
major source of NO under hypoxic conditions. 

 

Kawano, H., T. Nakatani, et al. (2004). "Identification and characterization of novel developmentally 
regulated neural-specific proteins, BRINP family." Molecular Brain Research 125(1-2): 60. 

 http://www.sciencedirect.com/science/article/B6T07-4CC80CC-
2/2/0e37a8b0314f7eb84b0437b1596c0c07  

 Processes of neuronal differentiation involve activation of a set of neuronal specific genes and 
cessation of cell proliferation in postmitotic neurons. Previous studies revealed that bone 
morphogenetic protein (BMP) and retinoic acid (RA) play important roles in the differentiation of 
peripheral sympathetic neurons such as the synergistic induction of responsiveness to specific 
neurotrophic factors. In the present study, while trying to clarify the mechanism of the BMP/RA-
actions, we identified a novel neural-specific protein, BMP/RA-inducible neural-specific protein-1 
(BRINP1) which shows no similarity to other known proteins. Subsequently, two homologous 
proteins, BRINP2 and BRINP3, making up the BRINP family, are identified. Individual BRINP 
genes have distinct regulatory mechanisms of expression within the nervous system. In rodent 
brain, BRINP1 is expressed from earlier developmental stage, i.e. E9.5, and widely expressed in 
various neuronal layers and nuclei of the adult animal, while BRINP2 and BRINP3 were 
detectable from E11.5 and expressed in rather limited regions in a complementary manner. 
During the course of perinatal development of sympathetic neurons, BRINP1 is induced from 
earlier embryonic stage and further increased toward adult stage, while BRINP3 expressed from 
earlier stage is replaced by BRINP2 expression which increases postnatally in accordance with 
the action of BMP2 and RA. Furthermore, when expressed in nonneuronal cells, all three BRINP 
family proteins suppressed the cell cycle progression. Possible physiological functions of BRINP 
family members in the development of the nervous system are discussed. 
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 http://www.sciencedirect.com/science/article/B6T07-3S3DNY9-
R/2/6dbb22ea638c4019490b7042e078a44f  

 Expression of the receptor tyrosine kinase, Trk, determines the specificity of neurotrophin 
responsiveness of different neuronal populations during development. Recently it has become 
apparent that sympathetic neurons of rat superior cervical ganglia (SCG) acquire sensitivity to 
neurotrophin-3 (NT3) before they become dependent on the target-derived nerve growth factor 
(NGF) for their survival by sequential induction of TrkC and TrkA. The mechanism controlling the 
expression of TrkC as well as the source of NT3 at their initial developmental stage has, however, 



not been clarified. Here we show that the treatment of the perinatal rat SCG neurons which 
express high levels of trkA mRNA with bone morphogenetic protein-2 (BMP2) induced the 
expression of trkC mRNA. Induction of the functional TrkC receptor by BMP2 was confirmed by 
the enhancement of the survival response of these neurons to NT3. Treatment of SCG neurons 
with retinoic acid (RA) promoted the effect of BMP2 on the induction of trkC mRNA levels. BMP2 
treatment, on the other hand, promoted the effect of RA on the suppressions of trkA mRNA levels 
and the NGF-dependent survival of the SCG neurons. Furthermore, BMP2/RA treatment induced 
the endogenous expression of NT3. These results indicate that specific environmental signals 
can regulate neurotrophin responsiveness of developing sympathetic neurons by differential 
alteration of the trk and neurotrophin expressions. 

 

Kobori, N., G. L. Clifton, et al. (2002). "Altered expression of novel genes in the cerebral cortex following 
experimental brain injury." Molecular Brain Research 104(2): 148. 

 http://www.sciencedirect.com/science/article/B6T07-46R9NFD-
C/2/a629aad03adc6e0e610c3cb2b394d21a  

 Damage to the cerebral cortex results in neurological impairments such as motor, attention, 
memory and executive dysfunctions. To examine the molecular mechanisms contributing to these 
deficits, mRNA expression was profiled using high-density cDNA microarray hybridization after 
experimental cortical impact injury in mice. The mRNA levels at 2 h, 6 h, 24 h, 3 days and 14 
days after injury were compared with those of control animals. This revealed 86 annotated genes 
and 24 expression sequence tags (ESTs) as being differentially expressed with a 1.5-fold or 
greater change. Quantitative real-time PCR analysis was used to independently verify these 
results for selected genes. Seven functional classes of genes were found to be altered following 
injury, including transcription factors, signal transduction genes and inflammatory proteins. While 
a few of these genes have been previously reported to be differentially regulated following injury, 
the most of the genes have not been previously implicated in traumatic brain injury (TBI) 
pathophysiology. For example, consistent with previous reports, the transcription factor c-jun and 
the neurotrophic factor bdnf mRNA levels were altered as a result of TBI. Among the novel 
genes, the mRNA levels for the high mobility group protein 1 (hmg-1), the regulator of G-protein 
signaling 2 (rgs-2), the transforming growth factor [beta] inducible early growth response (tieg), 
the inhibitor of DNA binding 3 (id3), and the heterogeneous nuclear ribonucleoprotein H (hnrnp h) 
were changed following injury. The functional significance of these genes in neurite outgrowth, 
neuronal regeneration, and plasticity following injury are discussed. 
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chicken drebrin A and its expression by alternative splicing of the drebrin gene." Molecular Brain 
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27/2/537ed5ba2ae1a165938ca92a3bbda491  

 Drebrins are developmentally regulated proteins found in the chicken brain and are classified into 
three forms, E1, E2 and A. Previously we isolated two cDNAs corresponding to the embryonic 
drebrin mRNAs from a chick embryo cDNA library. They differed in that an internal 129-nucleotide 
sequence, designated ins1, was inserted in the cDNA encoding drebrin E2 and was deleted in the 
other cDNA encoding drebrin E1. To search for the cDNA clone encoding drebrin A, a cDNA 
library of 1-day-old chick brains was screened using embryonic drebrin cDNA fragments as 
probes. Consequently, a novel cDNA was isolated, the sequence of which was entirely identical 
with that of drebrin E2 except for the insertion of a 138-nucleotide sequence, designated ins2, in 
the 5' direction immediately upstream from ins1. Since the translation product of the entire coding 



region was similar to that of drebrin A, this cDNA should correspond to the mRNA for drebrin A. 
Sequencing analysis of three drebrin cDNAs clearly indicated that the heterogeneity of chicken 
drebrins was caused by the insertion or deletion of the two sequences, ins1 and ins2. The amino-
terminal half region including ins2 and two short sequences in the carboxyl-terminal region of the 
predicted drebrin A were highly evolutionarily conserved. Cloning and sequencing of the drebrin 
gene revealed that ins1 and ins2 were independently encoded by separate exons and three 
drebrin isoforms were thought to arise by alternative splicing from a single drebrin gene. The 
difference in the time course of expression and tissue distribution of each drebrin suggests that 
the machinery of alternative splicing site selection of the drebrin gene is regulated in a 
developmental stage-dependent and tissue-specific manner. 

 

Konu, O., X. Xu, et al. (2004). "Application of a customized pathway-focused microarray for gene 
expression profiling of cellular homeostasis upon exposure to nicotine in PC12 cells." Molecular 
Brain Research 121(1-2): 102. 

 http://www.sciencedirect.com/science/article/B6T07-4BCXM1S-
7/2/e3754a9d3f81704aef001d5d649a46a9  

 Maintenance of cellular homeostasis is integral to appropriate regulation of cellular signaling and 
cell growth and division. In this study, we report the development and quality assessment of a 
pathway-focused microarray comprising genes involved in cellular homeostasis. Since nicotine is 
known to have highly modulatory effects on the intracellular calcium homeostasis, we therefore 
tested the applicability of the homeostatic pathway-focused microarray on the gene expression in 
PC-12 cells treated with 1 mM nicotine for 48 h relative to the untreated control cells. We first 
provided a detailed description of the focused array with respect to its gene and pathway content 
and then assessed the array quality using a robust regression procedure that allows for the 
exclusion of unreliable measurements while decreasing the number of false positives. As a result, 
the mean correlation coefficient between duplicate measurements of the arrays used in this study 
(control vs. nicotine treatment, three samples each) has increased from 0.974+/-0.017 to 0.995+/-
0.002. Furthermore, we found that nicotine affected various structural and signaling components 
of the AKT/PKB signaling pathway and protein synthesis and degradation processes in PC-12 
cells. Since modulation of intracellular calcium concentrations ([Ca2+]i) and phosphatidylinositol 
signaling are important in various biological processes such as neurotransmitter release and 
tissue pathogenesis including tumor formation, we expect that the homeostatic pathway-focused 
microarray potentially can be used for the identification of unique gene expression profiles in 
comparative studies of drugs of abuse and diverse environmental stimuli, such as starvation and 
oxidative stress. 
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 The myelin-associated glycoprotein (MAG) is one of the proteins expressed during the period of 
myelin formation and is believed to play a major role in the initiation of myelination. It exists as 
two differentially expressed isoforms, L- and S-MAG, that are generated by alternative mRNA 
splicing. A nucleotide dimorphism at the mRNA level resulting in an Arg/Pro dimorphism in the 
cytoplasmic tail of the S-MAG protein has previously been detected in the rat brain. In this study, 
we show that this dimorphism is detectable in the rat peripheral nervous system. We propose an 
allelic origin for the dimorphism and demonstrate the differential expression of the S-MAG alleles 



in the sciatic nerves of heterozygous rats during the period of active myelination. We also present 
data on the properties of the two S-MAG cytoplasmic domains produced as GST fusion proteins. 
The importance of this differentially expressed amino acid dimorphism is discussed, taking into 
account both its probable effect on the S-MAG cytoplasmic domain function and its significance in 
functional and structural studies concerning the S-MAG protein. 
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1, glucagon-like peptide-1 receptor and neuropeptide Y messenger RNAs in rat brain by 
quantitative real time RT-PCR." Molecular Brain Research 113(1-2): 139. 
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 Glucokinase (GK), glucose transporter GLUT2, sulfonylurea receptor-1 (SUR1), glucagon-like 
peptide-1 receptor (GLP-1R) and neuropeptide Y (NPY) have been proposed to be involved in 
central glucose sensing or regulation of food intake. In this study, we combined tissue 
micropunch and real time reverse transcription polymerase chain reaction (RT-PCR), and 
measured GK, GLUT2, SUR1, GLP-1R and NPY mRNA expression in discrete areas in the 
hypothalamus and the hindbrain. 

 

Luntz-Leybman, V., A. Frostholm, et al. (1993). "GABAA/benzodiazepine receptor [gamma]2 subunit 
gene expression in developing normal and mutant mouse cerebellum." Molecular Brain Research 
19(1-2): 9. 
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1V/2/84a613805b9850a35042755cc609540d  

 Recent studies have identified several subunits ([alpha], [beta], [gamma] and [delta]) of the 
[gamma]-aminobutyric acidA/benzodiazepine receptor; each consists of several variants. The 
[gamma] subunit appears to mediate the interaction of the [alpha] and [beta] subunits making the 
receptor capable of modulation by benzodiazepines. In the present studies, the expression of 
mRNA encoding the [gamma]2 subunit was examined in the cerebellum during development and 
in adult Purkinje cell degeneration, lurcher and reeler mutant mice. In the normal adult 
cerebellum, in situ hybridization with [35S]cRNA probes revealed a strong signal over the 
Purkinje cell layer and deep cerebellar nuclei, and a weaker signal over basket, stellate and 
granule cells. Labeling over Purkinje cells was detectable at birth, gradually becoming stronger 
and more punctate during postnatal weeks 1 and 2, as Purkinje cells formed a monolayer 
between the molecular and granule cell layers. Adult levels of grain density were reached by P20. 
The external germinal layer, which contained proliferating granule cells, was unlabeled 
throughout development; however, weak labeling was detected over the internal granular layer at 
the end of postnatal week 1, as granule cells began their migration across the molecular layer. 
During the second postnatal week, punctate labeling became visible over the molecular layer in a 
distribution indicative of basket and stellate cells. In adult Purkinje cell degeneration and lurcher 
mutants, in which Purkinje cells have degenerated, no punctate labeling characteristic of mature 
Purkinje cells was detected. In adult and developing reeler mutants, where all classes of cells are 
malpositioned throughout the cerebellum, the punctate hybridization signal was present and 
clearly associated with Purkinje cells in all cortical regions. Our results suggest that developing 
Purkinje cells express the [gamma]2 gene at a time prior to receiving GABAergic inhibitory input, 
and that the continued expression in the adult is not affected by the absence of afferents. 
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Drosophila melanogaster." Molecular Brain Research 63(2): 217. 

 http://www.sciencedirect.com/science/article/B6T07-3VH80K8-
2/2/5d5419854705442eb38474bad284f9a7  

 Organisms, across the animal kingdom, vary in their tolerance or susceptibility to cell injury from 
O2 deprivation. In this study we have taken advantage of the genetically well studied fruit fly to 
dissect basic mechanisms underlying their ability to tolerate lack of O2. Using differential display 
and molecular techniques, we cloned and characterized a novel gene, named fau, which is up-
regulated considerably following anoxia in Drosophila melanogaster. Northern blot analysis 
revealed that the transcript of this gene is ~0.9 kb in length with an open reading frame encoding 
a small hydrophilic protein (~14.4 kDa). This protein has no homology to previously described 
gene products but has many potential phosphorylation sites. In situ hybridization showed that this 
gene is located in region 7C-D on the Drosophila X-chromosome and its transcript concentrated 
in the lamina and cortical neurons of the Drosophila central nervous system (CNS). Transgenic 
flies showed that over-expression of fau significantly reduced the recovery time of the flies from 
anoxia. We conclude that (1) this study provided a framework on which the mechanisms 
underlying anoxia tolerance can be dissected in the fruit fly and (2) fau gene plays an important 
role in the regulation of tissue responsiveness to O2 deprivation. 
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 http://www.sciencedirect.com/science/article/B6T07-433P6FX-
C/2/48413e0890aec8894a4611abcb47f77f  

 The aim of this study was to develop a rapid and accurate high throughput method of screening 
multiple genes across a single sample set to detect changes in gene expression in the dorsal root 
ganglion (DRG) following partial sciatic nerve ligation in the rat. Using Taqman quantitative RT-
PCR, we show that expression of a number of genes, including galanin, vasointestinal peptide 
and neuropeptide Y are rapidly increased 24 h post-operation in the DRGs on the ligated side 
only. Other genes tested, including vanilloid receptor-1, substance P, galanin receptor-2 and 
housekeeping genes did not alter. Analysis of the expression of ASIC4 showed a small difference 
in expression at 7 days post ligation. By applying a statistical method for analysis of multiple 
variables, partial least squares, we show that the expression change of ASIC4 was significantly 
altered on the ligated side even though the change was small. This method will allow us to rapidly 
identify changes in expression of candidate genes that may be involved in adaptive responses in 
the DRG due to nerve injury. 
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 http://www.sciencedirect.com/science/article/B6T07-3S0MHR6-
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 The aim of our work is to investigate the potential involvement of serotonin and its G-protein-
coupled receptors in neural differentiation or other developmental processes in Xenopus laevis. 
By using a RT-PCR strategy, we isolated a cDNA fragment from X. laevis brain showing high 
amino-acid similarity with the mammalian 5-HT1A receptor. We used this fragment to isolate a 
cDNA clone containing a single ORF of 408 amino-acids with an overall amino-acid identity of 



73% with the human and rat 5-HT1A receptor. This structural similarity suggests that this clone 
encodes the Xenopus homolog of the mammalian 5-HT1A receptor (X5-HT1A). In order to 
establish a possible role for this receptor in development, we analyzed the pattern of its gene 
expression during embryogenesis, larval stages and in adult brain by in situ hybridization. The 
first signal of mRNA expression appears in the rostral part of brain stem at stage 22, when the 
first neurons start differentiation [38, 21]. In later stages of development, the cells expressing X5-
HT1A transcripts appear to correspond to serotonergic neurons. By stage 41, X5-HT1A mRNA is 
also detected in the inner nuclear layer (INL) of the developing retina. This pattern of expression 
is mantained until stage 46, i.e. at the beginning of metamorphosis. In adult, additional brain 
areas express X5-HT1A mRNA, particularly in telencephalon, diencephalon and mesencephalon. 
On the whole, our data show that the X5-HT1A receptor mRNA is developmentally regulated, with 
expression first appearing in differentiating serotonergic neurons, where this receptor may 
mediate, through an autocrine regulatory pathway, the trophic action of serotonin on developing 
serotonergic system. 
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mRNA coding for the human [beta]2 subunit of the GABAA receptor." Molecular Brain Research 
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 http://www.sciencedirect.com/science/article/B6T07-3YGV2HR-
1H/2/5d2411e258ccb9181655a448339061cb  

 Two forms of cDNA coding for the human GABAA [beta]2 subunit have been cloned and 
sequenced. The two sequences differ by a 114 base pair insertion. The insert contains a 
phosphorylation consensus sequence for calmodulin-dependent protein kinase II. Quantitative 
PCR studies show that h[beta]2L cDNA represents 10-15% of total h[beta]2 cDNA in the 10 brain 
substructures tested. Analysis of human genomic southern blots suggests that the two forms 
might arise by differential splicing. 
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 http://www.sciencedirect.com/science/article/B6T07-3P6BGCP-
J/2/9338ddeda8b0fefc08ada807a2c40ea3  

 Choline acetyltransferase (ChAT, EC 2.3.1.6) is the biosynthetic enzyme for acetylcholine. We 
have previously shown that multiple ChAT mRNA species with different 5'-noncoding regions are 
expressed in the rat and mouse. However, the diversity of ChAT mRNA species in human has not 
completely been elucidated. In this work N1- and N2-type ChAT cDNAs were cloned from a 
human brain cDNA library and the N-exon located in the human ChAT gene. Polymerase chain 
reaction analysis indicates that four species of ChAT mRNAs (R-, N1-, N2- and M-types) are 
produced in human brain and spinal cord. In all human transcripts, the ATG initiation codon in the 
rat, mouse and pig was replaced by ACG, which does not serve as an initiation codon for 
translation. In vitro translation and mammalian expression analyses revealed that N1-, N2- and R-
type mRNAs give rise to a single 69 kDa enzyme, while M-type mRNA produces both 82 and 69 
kDa enzymes. The translation efficiency of M-type mRNA was lower than that of the other mRNA 
species. Moreover, the translation efficiency of human ChAT mRNAs was considerably lower 
than that of rat ChAT mRNA, suggesting that the ATG codons for human ChAT are unfavorable 
for translation initiation compared with the initiation codon for rat ChAT. These results provide 
rational explanations for the previous reports that human ChAT protein purified from the brain and 
placenta had 66-70 kDa molecular mass, and that ChAT activity in a single motor neuron of 
human was far lower than that of other vertebrates. Sequencing of monkey ChAT gene showed 



that the initiation ATG in rodent ChAT was also replaced by ACA in the monkey. 
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 We studied the expression of mRNAs of neurotrophin (NTF) receptors trkA, trkB and trkC in 
single rat trigeminal ganglion neurons at embryonic days 12 and 16 to determine, whether single 
trigeminal ganglion neurons express one trk family member or coexpress several of them. For 
that purpose we elaborated a sensitive technique of reverse transcriptase-polymerase chain 
reaction to detect all neurotrophin receptors in a single neuron. Expression of neurofilament light 
chain mRNA was used as a positive marker to confirm the recovery of mRNAs from single 
neurons. Neurofilament-positive samples were subsequently analyzed for the expression of 
mRNAs for catalytic trkA, trkB and trkC, and in some cases, low-affinity neurotrophin receptor 
(p75). We found neurons expressing one, coexpressing two, or even all three trk receptors. In 
many neurons analyzed, p75 mRNA was coexpressed with trks, but we also found neurons 
expressing only trks without p75, and a neuron expressing p75 alone. There were also neurons 
containing neither trk receptors nor p75. We provide here first direct evidence that single sensory 
neurons can simultaneously express three or even four neurotrophin receptors. 
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 http://www.sciencedirect.com/science/article/B6T07-414NVN7-
H/2/98b9d4b7c4c3e273960836c88f824d7a  

 We cloned four novel transcripts of the excitatory amino acid transporter 2, named EAAT2/3UT1-
4, resulting from differential cleavage and polyadenylation. Tandem poly (A) sites were found to 
be functional at 72, 654, 973 nucleotides and more than 2 kb downstream of the stop codon. A 
tissue-specific expression was identified for 3'-variants of the EAAT2 RNA, most prominently for 
EAAT2/3UT4 (hippocampus>cortex>>cerebellum>thalamus) as demonstrated by Northern blot 
analysis and quantitative PCR. We conclude, that alternative poly (A) selection may contribute to 
the reported differential EAAT2 protein expression under normal and diseased conditions. 
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2S/2/9e63d0fc8ea9a4c9bd0c5c1427ae0a02  

 In order to get a deeper insight into comprehensive understanding of gene regulation of brain-
derived neurotrophic factor (BDNF), we characterized the transcriptional apparatus of this gene 
on the basis of the genomic structure. The results in this study revealed that there are at least 
four distinctive promoters in the BDNF gene; two of them are neuron-specific and the rest are 
active in some non-neuronal tissues as well as neuronal ones. Although the analyses of the 
promoter usage pattern clarified many characteristic features in controlling these promoter 
activities, the most notable finding was that administration of kainic acid resulted in great 



activation of two out of the four promoters in hippocampal neurons in a regionally different 
manner and thus indicated the presence of two distinct signal transduction pathways for kainate-
induced activation of BDNF gene expression in neurons. The analysis of BDNF gene expression 
in terms of the promoter usage pattern would provide a new and important insight into 
understanding a molecular control mechanism of this gene expression. 
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 Brain-derived neurotrophic factor (BDNF) is important for the development and trophic support of 
neurons, and may be involved in controlling axonal sprouting and synaptic plasticity. In order to 
investigate the activity-dependent regulation of the BDNF gene, BDNF expression was examined 
within the rat somatosensory cortex (SSC) and hippocampus following vibrissae stimulation, 
kainic acid induced seizure, and pentylenetetrazol (PTZ) induced seizure. The specific goals of 
this study were to determine the time course and magnitude of BDNF's activity-dependent 
expression, and to compare the expression patterns of three commonly used neuronal activation 
paradigms. Our results demonstrate three novel observations. First, the patterns of BDNF protein 
expression are dependent upon the neuronal stimulation model used. Both unilateral whisker 
stimulation (a model of experience dependent plasticity) and kainic acid induced seizure were 
able to increase the levels of BDNF protein within the SSC and hippocampus. In contrast, PTZ 
induced seizure did not increase BDNF protein levels in either tissue. Second, there is a 
dissociation between BDNF mRNA and protein levels following PTZ induced seizure. PTZ 
seizures resulted in strong increases of BDNF mRNA levels without corresponding increases of 
the protein. Finally, whisker stimulation resulted in an unexpected increase in BDNF mRNA and 
protein levels within the hippocampus. These results suggest specific types of neuronal activity 
can regulate gene expression differently. Furthermore, temporal and spatial differences between 
the expression of BDNF protein and mRNA levels suggest that the BDNF gene is regulated at the 
level of translation as well as transcription. 
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 http://www.sciencedirect.com/science/article/B6T07-485CWX1-
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 Human ciliary neurotrophic factor (CNTF) was inserted into a mammalian expression vector 
linked to the prepro sequence of human nerve growth factor. A Chinese hamster ovary cell line 
was established by resistance to neomycin and the plasmid integrated DNA was amplified using 
the metallothionein gene. This cell line contained several hundred copies of the human CNTF 
gene and produced an NH2 terminal truncated form of human CNTF (22 kDa) which was 
secreted into the medium. Although the copy number of the human CNTF gene was high and its 
mRNA was actively transcribed, the recombinant protein secreted into the medium constituted 
only 35-40% of the total amount of human CNTF synthesized by these cells. Both wild-type 
human CNTF produced in bacterial cells and the human CNTF obtained by forced secretion were 
effective in protecting hippocampal pyramidal neurons from injury induced by glucose deprivation, 
a form of excitotoxic neurodegeneration. 
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 We have previously reported that in cultured rat vascular smooth muscle cells (VSMCs), 
neurotrophin-3 (NT-3) gene expression was suppressed by TPA (12-O-tetradecanoyl phorbol-13-
acetate), which induces an AP-1 transcription factor. In the present study, to clarify the 
mechanism for TPA-mediated downregulation of NT-3 gene expression, effects of cycloheximide 
and dexamethasone (Dex) on the TPA-mediated downregulation were examined in VSMCs. 
Pretreatment with cycloheximide, an inhibitor of protein synthesis, or simultaneous treatment with 
Dex, an inhibitor of AP-1, suppressed the TPA-mediated downregulation of NT-3 gene 
expression. Furthermore, co-transfection of c-fos and c-jun expression vectors into VSMCs 
resulted in decrease in the NT-3 gene expression. The present findings suggest that TPA-
induced AP-1 de novo synthesis causes the downregulation of NT-3 gene expression in VSMCs. 

 

Niitsu, Y., O. Hori, et al. (1999). "Exposure of cultured primary rat astrocytes to hypoxia results in 
intracellular glucose depletion and induction of glycolytic enzymes." Molecular Brain Research 
74(1-2): 26. 

 http://www.sciencedirect.com/science/article/B6T07-3YC068V-
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 Based on the neurotrophic properties of astrocytes in response to ischemia, the current work 
focuses on the mechanism for cultured astrocytes to adapt to a hypoxic environment. Intracellular 
glucose levels in primary cultured rat astrocytes exposed to hypoxia fell by 30% within 24 h, in 
parallel with a decrease in glycogen stores. Glycolytic metabolism was crucial for cell survival 
during hypoxia, as 2-deoxyglucose resulted in rapid ATP depletion and cell death. The 
mechanism for maintaining glucose levels under these conditions appeared to be mobilization of 
glycogen stores, rather than increased extracellular uptake of glucose, as gluconolactone (an 
inhibitor of [beta]1-4 amyloglucosidase) induced a rapid fall in cellular ATP in cultures subjected 
to hypoxia, whereas cytochalasin B was without affect. Addition of cycloheximide diminished the 
viability of astrocytes in hypoxia, suggesting an obligatory role of de-novo gene expression to 
respond to hypoxia. Consistently, the results of differential display suggested the induction of 
glycolytic enzymes, including aldolase A (EC 4.1.2.13), hexokinase II (ATP: D-hexose 6-
phosphotransferase, EC 2.7.1.1), and triosephosphate isomerase (EC 5.3.1.1) in the hypoxic 
culture. Marked induction of these glycolytic enzymes in hypoxic astrocytes was confirmed by 
Northern blot analysis. These data provide a theoretical basis to understand the ability of 
astrocytes to tolerate ischemic condition. 
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 To characterize the gene activity that may be required for neuronal survival and regeneration, we 
used the Affymetrix GeneChip Mu74A to screen 12000 genes and expressed sequence tag 



(EST) mRNA from L4 and L5 mouse dorsal root ganglia (DRG) 12 h and 24 h after sciatic nerve 
transection. At 12 h, we found 17 upregulated transcripts, and at 24 h, 49 that met our criteria of a 
significant 2-fold increase in expression. The alterations included a total of eight transcription 
factors and several genes associated with TGF-beta- and IL-6-mediated signaling. Two of the 
changes, amphiregulin and plasminogen activator inhibitor-1 (PAI-1), were confirmed by real-time 
quantitative PCR (QPCR). Addition of amphiregulin (20 ng/ml) to organ-cultured DRG stimulated 
axonal outgrowth while PAI-1 (20 nM) inhibited migration of Schwann cells from the ganglia. 
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astrocytes." Molecular Brain Research 23(1-2): 57. 

 http://www.sciencedirect.com/science/article/B6T07-485H25X-
3R/2/4d26c468ef44fa449790e3ae7cb2818a  

 Astrocytes from various regions of CNS have been shown to express voltage-activated Na+ 
currents. To date, three distinct subtypes (I, II and III) of Na+ channels have been cloned from rat 
brain. We have applied a combined technique of reverse transcription and polymerase chain 
reaction (RT-PCR) to examine the expression of rat brain Na+ channels in rat astrocytes in vivo 
and in vitro. Five PCR primer sets were used to amplify coding or 3' non-coding regions of 
subtype I, II, and III Na+ channels. We were able to amplify all three of these rat brain Na+ 
channel subtypes from rat optic nerve, which does not have neuronal cell bodies but does contain 
astrocytes known to express voltage-sensitive Na+ channels. In studies on cultured spinal cord 
astrocytes, we were also able to amplify all three subtypes of rat brain Na+ channel mRNAs. In 
control experiments, RT-PCR was performed on RNAs prepared from several rat tissues, 
including brain, skeletal muscle, and liver. Rat brain was shown to express the three Na+ channel 
subtypes as expected. In rat skeletal muscle, subtype I and III Na+ channel mRNAs, but not 
subtype II, were amplified. In rat liver, Na+ channel messages were not detectable. The present 
study provides the first direct evidence that astrocytes in vivo and in vitro express rat brain 
voltage-sensitive Na+ channel mRNAs, which have been considered as mainly neuronal-type 
Na+ channel messages. 
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 The fibroblast growth factor (FGF) family is composed of nine members and four genes encode 
protein tyrosine kinase receptors for them. To gain insight into the involvement of FGFs and their 
receptors in the development of nervous system, their expression in brains of perinatal and adult 
mice was examined by semi-quantitative reverse-transcription-linked polymerase chain reactions 
and in situ hybridization. Although all the genes, with the exception of FGF-4, were found to be 
expressed, FGF-3, FGF-6, FGF-7 and FGF-8 genes demonstrated higher expression in the late 
embryonic stages than in postnatal stages, suggesting that these members are involved in the 
late stages of brain development. In contrast, expression of FGF-1 and FGF-5 increased after 
birth. Interestingly, FGF-6 expression in perinatal mice was restricted to the central nervous 
system and skeltal muscles, with intense signals in the developing cerebrum in embryos but in 
cerebellum in 5-day-old neonates. Furthermore, FGF-receptor (FGFR)-4, a cognate receptor for 
FGF-6, demonstrated similar spatiotemporal expression, suggesting that FGF-6 and FGFR-4 
plays significant roles in the maturation of nervous system as a ligand-receptor system. The 
results indicate that individual member of the fibroblast growth factor and their receptor family are 
expressed either sequentially or simultaneously in brain development, strongly suggesting their 



involvement in the regulation of a variety of developmental processes of brain, i.e., proliferation 
and migration of neuronal progenitor cells, neuron and glia differentiation, neurite extensions, and 
synapse formations. 
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embryonic sympathetic neurons and is upregulated after NGF stimulation." Molecular Brain 
Research 56(1-2): 256. 
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 The family of Tyr/Thr protein phosphatases, called dual-specificity phosphatases, have been 
implicated in the feedback regulation of the MAP kinase cascade by dephosphorylating the MAP 
kinases. Using low stringent cDNA screening we have isolated a chicken homologue of the 
CL100 phosphatase also called MAP kinase phosphatase 1 (MKP-1). The chicken MKP-1 has 
84% and 85.5% identity to the rat and human amino acid sequence, respectively. Using RNase 
protection assay and in situ hybridization we have found that MKP-1 mRNA is expressed at low 
levels in most tissues during development. In embryonic dorsal root and sympathetic ganglia 
MKP-1 mRNA expression increases with age. The expression in large cells in dorsal root ganglia 
suggests that it is neurons which express MKP-1 mRNA. We also show that MKP-1 mRNA is 
induced in dissociated embryonic sympathetic neurons after nerve growth factor stimulation. In 
addition, our results show that MKP-1 mRNA is induced after NGF stimulation of fibroblasts 
expressing the NGF receptor TrkA, suggesting that MKP-1 is upregulated after activation of the 
TrkA receptor. These data show that the MKP-1 gene is regulated in a tissue and temporal 
specific fashion with strong expression in the developing peripheral ganglia, and suggest that the 
activation of MKP-1 mRNA expression by NGF is a ubiquitously induced response to TrkA 
activation, independent of the cellular origin or type on which the TrkA receptor is active. 
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and by brain cells in vitro." Molecular Brain Research 53(1-2): 152. 
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J/2/7e9f18bd1f201fa88f2c491b18d5bd82  

 IL-2 has been implicated in various neurobiological processes of the mammalian CNS. To 
understand how IL-2 acts in the brain, our lab has sought to determine the molecular 
pharmacological characteristics of brain IL-2 receptors (IL-2R). The lymphocyte IL-2R[gamma], 
an essential subunit for IL-2 signaling, is also a common subunit ([gamma]c) for multiple immune 
cytokine receptors (e.g., IL-4R, IL-7R, IL-9R, IL-15R). Having previously cloned the [alpha] and 
[beta] subunits of the IL-2R heterotrimer complex from normal murine forebrain, we examined the 
hypothesis that the brain IL-2R[gamma] is derived from the same or a closely related gene coding 
sequence as that expressed by lymphocytes. In this study, we cloned and sequenced the full-
length IL-2R[gamma] coding region from saline-perfused mouse forebrain and from a human 
hippocampal library. The cDNA sequences of IL-2R[gamma] from human and murine brain were 
100% homologous to their lymphocyte sequences. Northern blot analysis showed that the mRNA 
transcripts in murine brain were the expected size, but the predominant transcript expressed in 
the brain was different than in the spleen. Compared to the spleen, very low levels of IL-
2R[gamma] were expressed in the forebrain. In the murine hippocampus, a region where a 
number of neurobiological actions of IL-2 have been reported, IL-2R[gamma] mRNA was 
detected over the dentate gyrus and CA1-CA4 by in situ hybridization histochemistry. IL-
2R[gamma] was found to be constitutively expressed by murine HN33.dw hippocampal neuronal 



cells, murine NB41A3 neuroblastoma cells, astrocyte-enriched mixed glial cell cultures, and in 
SCID mouse forebrain. The human cortical neuronal cell lines, HCN-1A and HCN-2, did not 
express the IL-2R[gamma] gene. These data suggest the possibility that, in addition to being 
essential in IL-2 signaling in brain, IL-2R[gamma] could be a common subunit ([gamma]c) for 
multiple cytokine receptors which may be operative in the mammalian CNS. 
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 The alternative splicing pattern of cyclic AMP response element-binding protein (CREB) in the 
central nervous system (CNS) of the rat has been investigated by an exon-flanking polymerase 
chain reaction (PCR) strategy. A series of RT-PCR studies with primer pairs flanking all possible 
alternative splicing sites (corresponding to a genomic region with at least one full exon and two 
flanking introns) has revealed multiple splice patterns in nine regions of the rat CNS. These 
include some novel transcripts that lack the phosphorylation site and a segment of the leucine 
zipper region which is crucial for dimerization and DNA binding. Some isoforms previously 
reported as testis-specific were also detected in the rat CNS. The findings from this study, which 
include differential splicing patterns among CNS regions, suggest a complex expression and 
functional regulation of CREB in the CNS. 
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 We previously reported that copper efflux from C6 rat glioma cells was blocked by a brief 
exposure to sulfhydryl reagents p-chloromercuribenzoate (PCMB) and iodoacetamide as well as 
dicyclohexylcarbodiimide, suggesting the possible involvement of a Cu-transporting ATPase in 
the efflux mechanism. In this report, we show that copper efflux from PC12 cells, a neuron-like 
cell line established from rat adrenal pheochromocytoma, is also inhibited by PCMB exposure. 
Futhermore, we show that both C6 and PC12 cells express a homolog of the Menkes gene 
(MNK) as detected by RT-PCR with primers designed from a mouse cDNA and confirmed by 
sequence analysis of the amplified product. An expected 760-bp fragment representing the 
transduction and phosphorylation domains and a 925-bp fragment encoding the heavy metal-
binding domain of Atp7a were amplified from a RNA extract of C6 and PC12 cells. Sequence 
data revealed that 690 bp of the 760-bp fragment from C6 cells were an identical match to a 
similar fragment from PC12 cells. Both fragments encoded a 229 amino-acid polypeptide that had 
a 98.7% sequence homology to mouse Atp7a. In addition, 880 bp from the 925-bp fragment of 
the two cell lines were identical and encoded a 293 amino-acid polypeptide with 94.5% sequence 
homology to mouse Atp7a. These data establish that a Menkes-type Cu-transporting ATPase is 
expressed in rat C6 and PC12 cells and strongly support the hypothesis that both neurons and 
glia are involved in maintaining Cu homeostasis in the central nervous system. 
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 Sensory cells of the chicken cochlea exhibit different ion channels relative to their position along 
the epithelium. One of these channels conducts an A-type potassium current which is found 
primarily in 'short' hair cells. Here, we report the first full length cloning and developmental 
expression of Shaker genes from this endorgan. Clones were obtained by screening a chicken 
(Gallus gallus) cochlea cDNA library, using probes made from RHK1 (i.e., Kv[alpha]1.4) cDNA, a 
Shaker homologue isolated from rat heart, and hKv[beta]1.2 cDNA, a [beta] homologue isolated 
from human heart. Sequence analysis revealed a chick homologue of Kv[alpha]1.4, with a 
deduced amino acid similarity of 76-79% to mammalian Kv[alpha]1.4, and a chick homologue of 
Kv[beta]1.1, with a similarity of 95% to mammalian Kv[beta]1.1. In addition, we isolated a variant 
of cKv[alpha]1.4 (cKv[alpha]1.4(m)) that differs in its untranslated regions and shows complete 
similarity in its coding region, except for the deletion of a single nucleotide. During development of 
the inner ear, reverse transcription-polymerase chain reaction (RT-PCR) studies show that the 
[beta]-subunit is expressed as early as embryonic day 3, whereas [alpha]- and [beta]-subunits are 
coexpressed on embryonic days 7 to 10, 14, and in adult. 
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 We have prepared a monoclonal antibody, Neuro-1, that recognizes the human homolog of the 
chicken contactin/F11 and mouse F3 cell adhesion molecules. The Neuro-1 antigen, structurally 
characterized as a 135 kDa glycosylphosphatidylinositol-linked glycoprotein, was immunoaffinity 
purified and partially sequenced. Comparison of an internal peptide sequence to that predicted 
from the chicken contactin/F11, mouse F3 and human contactin (reported herein) cDNA 
sequence identifies the Neuro-1 antigen as human contactin. Moreover, a polyclonal antisera 
generated against the purified Neuro-1 antigen was immunoreactive with a fragment of human 
contactin expressed in bacteria. The complete coding and deduced amino acid sequences of 
human contactin were determined and are 86% and 95% identical to the respective mouse F3 
sequences. Structural features shared with contactin/F11/F3 include six immunoglobulin type C2 
and four fibronectin type III-like domains, multiple sites for asn-linked glycosylation and a COOH-
terminal signal peptide presumably removed during the generation of a phosphatidylinositol cell 
surface linkage. The potential for glycosylation and GPI-linkage is also consistent with protein 
chemical studies of human contactin. Contactin mRNA expression was characterized using 
Northern blot analyses of human tissues and cell lines. High level expression of a single contactin 
transcript in adult brain, and low level expression of multiple transcripts in lung, pancreas, kidney 
and skeletal muscle are observed. Highly expressed multiple transcripts, similar in pattern to that 
of pancreas, lung, kidney and skeletal muscle, are also observed in human neuroblastoma and 
retinoblastoma cell lines. 
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 We investigated a potential role for the soluble interleukin-6 receptor (sIL-6R) in modulating 
interleukin-6 (IL-6) function in the central nervous system by assessing IL-6 and sIL-6R effects on 
[beta]-amyloid precursor protein ([beta]-APP) transcription and expression in cells of human 
neuronal origin. Cells transfected with a luciferase reporter plasmid containing a 3.8 kb DNA 
fragment of the [beta]-APP promoter were shown to have inducible promoter activity when treated 
with phorbol ester or basic fibroblast growth factor, but not when treated with lipopolysaccharide 
or IL-6. PCR amplification analysis revealed the presence of mRNA encoding the signaling 
subunit of the IL-6 receptor complex, the gp130 subunit, at levels approximating that found in 
human cortical tissue. The mRNA encoding the IL-6 receptor, however, was poorly expressed 
and was detectable only at high amplification cycles. When purified sIL-6R protein was added 
together with IL-6, there was a rapid induction of promoter activity within 2 h of stimulation 
followed by elevations in protein levels of both cell-associated and secreted [beta]-APP. Analysis 
of mRNA transcripts from human cortical brain tissue and cell cultures derived from fetal human 
brain demonstrated the presence of an alternatively spliced secreted form of the IL-6 receptor 
mRNA, suggesting that cells of the central nervous system may themselves be a source of sIL-
6R protein. The capacity for sIL-6R to enhance IL-6 function and broaden the IL-6 target cell 
population in the brain has implications for the regulation of [beta]-APP expression in disease 
states such as Alzheimer's disease where elevations in brain IL-6 levels have been reported. 
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 The abnormal accumulation of [beta]-amyloid (A[beta]) in senile plaques appears to be a central 
pathological process in Alzheimer's disease. A[beta] is formed by proteolysis of [beta]-amyloid 
precursor protein (APP) with several isoforms generated by alternative splicing of exons 7, 8 and 
15. A semi-quantitative reverse transcription (RT)-polymerase chain reaction (PCR) analysis 
showed that APP695 mRNA lacking exon 7 and 8 was most abundant in primary cultures of rat 
neurons, while APP770 and APP751 representing, respectively, the full length and exon 8 lacking 
isoforms predominated in cultured astroglial cells. Antisera AP-2 and AP-4 were produced by 
immunizing rabbits with keyhole limpet haemocyanin coupled with synthetic peptides 
representing KPI region APP301-316 and A[beta] region APP670-686 of APP770, respectively. 
These polyclonal antisera were purified against the corresponding peptide using affinity 
chromatography. Western blot analysis of homogenates of relatively enriched neuronal and 
astroglial cultures showed that these antibodies discretely stained bands of proteins in a cell-
specific manner. Dot-blot analysis using AP-2, AP-4 and 22C11 antibodies indicated that, in 
comparison with neurons, cultured astrocytes contained 3-fold greater KPI-containing APP 
isoform proteins. The amount of total APP proteins, which include both KPI-containing and KPI-
lacking APP isoforms, was [ap]90% higher in astrocytes than in neurons. Consistent with these in 
vitro findings in cultured astrocytes, in fimbria-fornix lesioned rat hippocampus, labelling with AP-2 
antibody, which specifically reacts with KPI-containing APP proteins, was mainly observed in glial 
fibrillary acidic protein-positive reactive astrocytes in vivo. The results showed that APP isoforms 
are expressed in a cell type-specific manner in the brain and, since deposition of A[beta] is 
closely associated with the expression of KPI-containing APP isoforms, provide further evidence 
for the involvement of astrocytes in plaque biogenesis. 
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 The data in this report describe the discovery and characterization of a previously unidentified 
alternatively processed RNA for the neuronal nicotinic receptor alpha7 subunit. The unique 
transcript contains an extra exon that arises from alternative splicing of intron nine of the alpha7 
subunit RNA. The alpha7 subunit protein resulting from this alternatively processed RNA is 
truncated shortly after transmembrane domain three. The variant protein also has a predicted 
amino acid substitution in the large N-terminal domain as a consequence of a non-templated 
nucleotide substitution present in the variant alpha7 subunit RNA. The mechanism responsible for 
the nucleotide substitution is not known. Initial characterization of the variant alpha7 subunit 
suggests that it is expressed in mouse brain in a pattern similar to the standard alpha7 subunit 
although at reduced levels. The variant alpha7 subunit was also found to act as a dominant-
negative effecter of normal alpha7 subunit function. 
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 Cerebral ischemia induces transcriptional changes in a number of pathophysiologically important 
genes. Here we have systematically studied gene expression changes in the cortex after 150 min 
of focal cortical ischemia and 2 and 6 h reperfusion in the mouse by a fragment display technique 
(restriction-mediated differential display, RMDD). We identified 57 transcriptionally altered genes, 
of which 46 were known genes, and 11 unknown sequences. Of note, 14% of the regulated 
genes detected at 2 h reperfusion time were co-regulated in the contralateral cortex. Four genes 
were verified to be upregulated by quantitative PCR. These were Metallothionein-II (mt2), 
Receptor (calcitonin)-activity modifying protein 2 (ramp2), Mitochondrial phosphoprotein 65 
(MIPP65), and the transcription elongation factor B2/elongin B (tceb).We could identify several 
genes that are known to be induced by cerebral ischemia, such as the metallothioneins and c-fos. 
Many of the genes identified provide hints to potential new mechanisms in ischemic 
pathophysiology. We discuss the identity of the regulated genes in view of their possible 
usefulness for pharmacological intervention in cerebral ischemia. 
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 To understand the role of fibroblast growth factor-2 (FGF-2) during the denervation-reinnervation 
processes which occur after lung transplantation, we studied FGF-2 gene expression in a rat lung 
denervation model. The temporal profile of FGF-2 mRNA in denervated rat lungs was 
quantitatively assessed by competitive reverse transcription polymerase chain reaction (RT-PCR) 
method. The level of FGF-2 mRNA was consistently higher in denervated lungs, showing a peak 
value on the 5th post-operative day. Immunohistochemical analysis with an anti-FGF-2 
monoclonal antibody disclosed immunoreactivity in Schwann cells at the distal severed end of the 
nerve fascicle located at the lung hilus, 1 week post-surgery. This study indicates that FGF-2 
gene expression is up-regulated following denervation and suggests possible roles of FGF-2 in 
the reinnervation process of lung tissue. 
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 The Wnt signaling plays important roles in cell growth, differentiation, polarity formation, and 
neural development. In the canonical pathway, two DIX domain-containing proteins, Dishevelled 
(Dvl) and Axin, regulate the degradation of [beta]-catenin that activates Wnt target genes through 
TCF/LEF family transcription factors. Recently, we have isolated a third type of DIX domain-
possessing protein, Coiled-coil-DIX1 (Ccd1). Ccd1 forms homomeric and heteromeric complexes 
with Dvl and Axin, and regulates the neural patterning in zebrafish embryos through Wnt pathway 
activation. Here, we report the isolation and characterization of mouse Ccd1. Fourteen putative 
mRNA isoforms are generated by different promoter usage and alternative splicing, and each 
isoform shows different expression patterns in various tissues. The predicted Ccd1 proteins are 
classified into three subtypes, and a novel form, termed Ccd1A, possesses an N-terminal 
calponin homology domain, suggesting an additional interaction of the isoform with actin or other 
proteins. When Ccd1 proteins were singularly expressed in Hela cells, they showed almost no 
activation of TCF-dependent reporter transcription on their own. However, when Dvl protein, at 
the level that did not activate Wnt pathway by itself, was co-expressed with Ccd1, the reporter 
transcription was greatly potentiated in Ccd1-dose-dependent manner. In addition, Ccd1- and 
Wnt3a-dependent activation of Wnt pathway was inhibited by Axin or a dominant negative Ccd1. 
These results indicate that mouse Ccd1 functions as a positive regulator of the Wnt/[beta]-catenin 
pathway. Furthermore, Ccd1 is highly expressed and co-localized with Wnt signaling molecules in 
the embryonic and adult brain, implicating the importance of Ccd1 in the Wnt-mediated neuronal 
development, plasticity, and remodeling. 
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 Chronic ethanol treatment of mice has been shown to result in increased binding of dizocilpine 
and glutamate to hippocampal NMDA receptors. These changes were suggested to reflect an 
increase in NMDA receptor number that may underlie certain signs of the ethanol withdrawal 
syndrome. However, there was no change in binding of a competitive NMDA receptor antagonist, 
or of ligand binding to the glycine co-agonist site on the receptor after chronic ethanol treatment. 
Differential changes in the binding of particular ligands at the NMDA receptor suggested the 
possibility that chronic ethanol ingestion might selectively affect the expression of particular 
NMDA receptor subunits. Our current work demonstrates that chronic ethanol ingestion by mice, 
which results in the generation of physical dependence, also produces increases in the NMDA 
receptor NR1 subunit protein in the hippocampus and cerebellum ([ap] 50% and 95%, 
respectively), and produces increases in the NR2A subunit protein in the hippocampus and cortex 
([ap] 25% and 40%, respectively). However, the mRNA levels for these subunits were not 
increased in the respective brain areas by the same ethanol treatment. The changes in NMDA 
receptor subunit expression in discrete areas of the brain may contribute to the previously 
observed changes in ligand binding and, possibly, signs of ethanol withdrawal. 
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 Secretion and progressive cerebral accumulation of [beta]-amyloid peptides (A[beta]), which 
derive by endoproteolytic ('amyloidogenic') processing of [beta]-amyloid precursor protein (APP), 
are felt to represent collectively an early and necessary event in the pathogenesis of Alzheimer's 
disease. APP amyloidogenic processing can occur via secretory or endocytotic pathways, but the 
relative contribution of these pathways to A[beta] secretion remains to be established. The effect 
of apoptosis on amyloidogenic processing and A[beta] secretion similarly is incompletely 
understood. We tested the hypothesis that APP processing by the endocytotic pathway 
represents a stress-related neural cell response, by comparing A[beta] secretion after induction of 
apoptosis in PC12 cells transfected either for endocytosis-competent or -deficient APP. Newly 
prepared adenoviral vectors encompassing targeted mutagenesis of the cytoplasmic tail YENP 
tetrapeptide sequence, which serves as the principal APP internalization signal, were used to 
express endocytosis-deficient holoprotein. We report that the endocytotic pathway is required for 
the generation and secretion of A[beta]42, and that secretion of this neurotoxic peptide increases 
significantly during apoptosis. We demonstrate additionally that more A[beta]40 apparently is 
generated in secretory compartments during apoptosis when APP processing by the endocytotic 
pathway is impaired. 
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 The GDNF family comprises glial cell line-derived neurotrophic factor (GDNF) and the related 
proteins neurturin, artemin and persephin, which form a subgroup of the TGF-[beta] superfamily 
of growth factors. All four neurotrophic factors provide neuronal cell protection and cell survival. 
GDNF expression was found in the cochlea, and GDNF has been shown to be effective for inner 
ear protection from drugs and noise-induced insults. As the other members of the GDNF family 
also provide protective effects on neuronal cells, they may play important roles in the inner ear. 
We used RT-PCR to examine the expression of GDNF, neurturin, artemin, persephin and their 
receptors GFR[alpha]-1, GFR[alpha]-2, GFR[alpha]-3 and c-ret in whole rat cochlea as well as in 
functionally different subfractions (modiolus and sensorineural epithelium/lateral wall) and 
compared the levels of neurotrophin and receptor mRNAs in the cochlea to those in substantia 
nigra brain region. Our results demonstrate the expression of all GDNF family members and their 
receptors in cochlea and substantia nigra. However, the relative levels of mRNA were different for 
several genes tested in subfractions of the cochlea and/or compared to expression levels in 
substantia nigra. The presence of mRNA for all four members of the GDNF family and their 
preferred receptors in the rat cochlea suggests potential functional importance of these 
neurotrophic factors as protection and survival factors in the inner ear. 
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 A cDNA for a novel serine protease, termed brain type granzyme K (B-GRK) was cloned from the 
mouse brain. The cDNA codes a protein similar to granzyme K (GRK) but completely different at 
the N-terminus. Genomic Southern and PCR analysis of the gene suggests B-GRK is the 
alternative transcription form of GRK. B-GRK and GRK have a different organ-specific expression 
pattern: B-GRK is expressed in the brain, while GRK is expressed in the spleen. The recombinant 
fusion protein was detected in the neuro2a cells transfected with a plasmid containing B-GRK 
sequence. The mRNA for B-GRK/GRK was detected in cerebral cortex, hippocampus and 
diencephalon of the mouse brain. In situ hybridization for B-GRK/GRK revealed that several 
regions in the forebrain and hypothalamus express the mRNA. Developmental analysis showed 
that in the prenatal stage, the mRNA was expressed also in pituitary and pineal body in addition 
to the brain. 
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 We have studied the postnatal expression of neurotrophins, their cognate high-affinity trk 
receptors and the low-affinity NGF receptor (p75) in the rat adrenal gland using RT-PCR. 
Neurotrophin mRNAs were detectable during the whole postnatal period. Strongest signals were 
obtained for BDNF and NT4/5. Expression of trkA, trkB, trkC and p75 was found at all ages 
studied. Signals for trkA were highest in the adult adrenal medulla, whereas signals for p75 were 
highest in the adult adrenal cortex. Our data suggest still largely enigmatic roles for neurotrophins 
in functions of the adrenal medulla and possibly also the cortex. 
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 Glia cell line-derived neurotrophic factor (GDNF), a recently cloned member of the transforming 
growth factor-[beta] (TGF-[beta]) superfamily, has been implicated in the survival, morphological 
and functional differentiation of midbrain dopaminergic neurons and motoneurons in vitro and in 
vivo. The factor may thus have utility in the treatment of various human neurodegenerative 
disorders. Mechanisms regulating expression of GDNF in normal and diseased brain as a 
possible means to increase the local availability of GDNF are only beginning to be explored. We 
have established and employed a competitive reverse transcriptase-polymerase chain reaction 
(RT-PCR) to study and compare levels of expression of GDNF mRNA in several cell types and to 
investigate its regulation. GDNF expression was clearly evident in primary cultured astrocytes, 
the glioma B49 and c6 cell, but less pronounced in the Schwannoma RN22 cell lines. Little or no 
signal could be observed in neuroblastoma cell lines (IMR32, LAN-1) or the pheochromocytoma 
cell line PC12, emphasizing the glial character of this factor. Using the C6 cell line we found that 
fibroblast growth factor-2 (FGF-2; bFGF) can increase GDNF mRNA levels, whereas FGF-1, 
platelet-derived growth factor (PDGF), and vasoactive intestinal polypeptide (VIP) are apparently 
ineffective. Several other factors (forskolin, kainic acid, triiodothyronine, dexamethasone, GDNF, 
TGF-[beta]1, and interleukin-6) appear to have slightly negative effects on GDNF mRNA levels at 
the concentrations tested. To further explore the relationship between FGF-2 and GDNF, we also 
addressed the question whether GDNF, like FGF-2, may have an effect on C6 cell proliferation. 
We conclude that (1) glial and glial tumor cells, rather than neuronal cell lines, express GDNF, (2) 
that FGF-2 has a prominent inductive effect on GDNF expression and (3) that GDNF stimulates 



C6 cell proliferation. Finally, these data suggest that neurotrophic actions of FGF-2 in mixed glial-
neuronal cell cultures might be mediated in part by GDNF. 
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 To assess the possible physiological role of the atrial natriuretic peptide (ANP) family, we 
investigated the expression of mRNA of ANP, brain natriuretic peptide (BNP), C-type natriuretic 
peptide (CNP), and their receptors in rat inner ear using the reverse transcription-polymerase 
chain reaction method. ANP and CNP message bands were detected in the inner ear, but the 
BNP message band was not. Amplification products of the expected sizes of ANP-A, ANP-B, and 
ANP-C receptors were detected in the inner ear. These results suggest that natriuretic peptide 
family may influence the function of the inner ear through the ANP-A, ANP-B, and ANP-C 
receptors. 
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 It is well established that leucine-rich repeat (LRR) proteins such as connectin, slit, chaoptin, and 
Toll have privotal roles in neuronal development in Drosophila as cell adhesion molecules. 
However, to date, little information concerning mammalian LRR proteins has been reported. In 
the present study, we sought LRR proteins of the mouse brain, based on the assumption that 
fundamental mechanisms are conserved between different species. We screened a neonatal 
mouse brain cDNA library with a human partial cDNA encoding LRR protein as a probe. We 
obtained two independent cDNAs encoding LRR proteins, designated NLRR-1 and NLRR-2 
(Neuronal Leucine-Rich Repeat proteins). We analyzed the whole sequence of NLRR-1 and 
partial sequence of NLRR-2. Sequence analysis showed that these two clones are about 60% 
homologous to each other, and that NLRR-1 protein is a transmembrane protein. Northern blot 
analysis and in situ hybridization histochemistry showed that both NLRR-1 and NLRR-2 mRNAs 
were expressed primarily in the central nervous system (CNS); NLRR-1 mRNA was also detected 
in the non-neuronal tissues such as cartilage, while NLRR-2 mRNA expression was confined to 
the CNS at all developmental stages. These results suggest that there is at least one LRR protein 
family in the mouse and that these molecules may play significant but distinct roles in neural 
development and in the adult nervous system. 
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 Deposition of hyperphosphorylated tau (p-tau) has been observed in several neurodegenerative 



diseases. The six isoforms of tau are divided into two main groups including three repeat (3R) 
and four repeat (4R) microtubule-binding domains. Using quantitative RT-PCR method and 
immunohistochemistry with phosphorylation dependent anti-tau antibody (AT8), we investigated 
the expression level of tau mRNA isoforms in the frontal cortex and globus pallidus of patients 
with progressive supranuclear palsy (PSP) and corticobasal degeneration (CBD) to determine 
whether altered expression patterns of tau mRNA isoforms correlate with p-tau accumulation. The 
4R/3R ratios in frontal cortices of CBD and globus pallidus of PSP and CBD were significantly 
higher than the control (P<0.05). There was no correlation between the expression patterns of tau 
mRNA isoforms and p-tau accumulation. Our findings suggest that neurodegeneration of PSP 
and CBD could be regulated by alternative splicing of tau mRNA to yield high 4R/3R ratio. In 
addition, the lack of correlation between the expression pattern of tau mRNA isoforms and p-tau 
accumulation suggests that not only alternative splicing of tau mRNA, but also other factors such 
as post-transcriptional or translational modifications may play a role in the pathogenesis of 
specific neurodegeneration in PSP and CBD. 
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 Whole-cell recordings from 6.5 day embryonic chick [alpha]-motoneurons indicated the presence 
of AMPA, kainate, and NMDA glutamate receptor subtypes in each motoneuron tested. AMPA 
consistently evoked a desensitizing response, while kainate could evoke either a desensitizing or 
non-desensitizing whole-cell response. In excised membrane patches, desensitizing AMPA 
responses appeared to be colocalized with non-desensitizing kainate responses. Desensitizing 
kainate responses were seen in some patches which were not responsive to AMPA, suggesting 
that kainate selective subunits and AMPA selective subunits localize separately on the 
motoneuron membrane. To determine which of the known glutamate receptor subunits might 
underlie these responses, we used RT-PCR amplification to detect subunits present in mRNA 
isolated from adult rat spinal cord and from a highly enriched motoneuron population from 
embryonic chick. Sequencing of the the amplified cDNA was used to verify the identity of the 
products and of the alternative splice variants of GluR1-4. In rat spinal cord, all subunits that we 
attempted to detect, including AMPA selective subunits GluR1-4, kainate selective subunits 
GluR5-7 and KA1-2, and NMDA subunit NR1 were present. The isolated motoneurons also 
contained AMPA subunits GluR1, 2, and 4, and kainate subunits GluR6 and 7. The GluR2 and 4 
subunits were specifically processed by splicing, present primarily as the flip splice form. 
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 To clarify the possible mechanisms by which the recreational drug, methamphetamine (METH), 
induces apoptosis, we investigated its effects on the expression of Myc apoptotic genes. This 
paper presents the characterization of c-myc and -myc gene transcription in the striatum and the 
cortex. In addition, the expression of the corresponding proteins was also evaluated. Our 
observations reveal that c-myc and -myc were up-regulated by METH at both the mRNA and 
protein levels. Thus, myc transcription factors might be responsible for some aspects of METH-
induced apoptotic processes. 
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 Human and rat Kv10.1a and b cDNAs encode silent K+ channel pore-forming subunits that 
modify the electrophysiological properties of Kv2.1. These alternatively spliced variants arise by 
the usage of an alternative site of splicing in exon 1 producing an 11-amino acid insertion in the 
linker between the first and second transmembrane domains in Kv10.1b. In human, the Kv10s 
mRNA were detected by Northern blot in brain kidney lung and pancreas. In brain, they were 
expressed in cortex, hippocampus, caudate, putamen, amygdala and weakly in substantia nigra. 
In rat, Kv10.1 products were detected in brain and weakly in testes. In situ hybridization in rat 
brain shows that Kv10.1 mRNAs are expressed in cortex, olfactory cortical structures, basal 
ganglia/striatal structures, hippocampus and in many nuclei of the amygdala complex. The CA3 
and dentate gyrus of the hippocampus present a gradient that show a progression from high level 
of expression in the caudo-ventro-medial area to a weak level in the dorso-rostral area. The CA1 
and CA2 areas had low levels throughout the hippocampus. Several small nuclei were also 
labeled in the thalamus, hypothalamus, pons, midbrain, and medulla oblongata. Co-injection of 
Kv2.1 and Kv10.1a or b mRNAs in Xenopus oocytes produced smaller currents that in the Kv2.1 
injected oocytes and a moderate reduction of the inactivation rate without any appreciable 
change in recovery from inactivation or voltage dependence of activation or inactivation. At higher 
concentration, Kv10.1a also reduces the activation rate and a more important reduction in the 
inactivation rate. The gene that encodes for Kv10.1 mRNAs maps to chromosome 2p22.1 in 
human, 6q12 in rat and 17E4 in mouse, locations consistent with the known systeny for human, 
rat and mouse chromosomes. 
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 [alpha]2 Adrenergic receptors are involved in mediating pre- and postsynaptic responses in the 
sympathetic nervous system. In this study, the expression of [alpha]2 genes was examined by the 
amplification of mRNA, extracted from adult rat superior cervical ganglion through reverse 
transcription and subsequent amplification of appropriate target sequence using polymerase 
chain reaction and sequence specific oligonucleotide primers for the three [alpha]2 receptor 
genes. Results from these studies have shown that the major [alpha]2 adrenergic mRNA 
transcript was the one that encodes the [alpha]2A receptor. Nucleotide sequence of the 312 
base-pair (bp) [alpha]2A cDNA was homologous to the RG20 adrenergic receptor, the rat 
homologue of the human [alpha]2A receptor. The 312 bp [alpha]2A cDNA was used as a probe in 
Northern blot analysis of the mRNA from superior cervical ganglion and brain. A 3.9 kb mRNA 
transcript was present in these extracts. To confirm that the [alpha]2A gene expression was in the 
sympathetic neurones we have used the 312 bp [alpha]2A cDNA, biotinylated, as a probe for in 
situ hybridization studies and have demonstrated that the [alpha]2A mRNA was found only in the 
cell bodies of sympathetic neurones. 
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 Ectonucleotidases provide the signal termination mechanism for purinergic transmission, 
including fast excitatory neurotransmission by ATP in the CNS. This study provides evidence for 
ectonucleotidase expression in the rat cochlea, brain and other tissues. In addition to detection of 
rat ecto-ATPase and ecto-ATPDase in these tissues, we identify a novel ecto-ATPase splice 
variant arising from the loss of a putative exon (193 bp) in the C-terminal coding region. This is 
the first evidence of alternative splicing in the ecto-ATPase gene family. Splicing of the 193-bp 
putative exon containing a stop codon extends the open reading frame and provides translation of 
an additional 50 amino acids compared with the isoform isolated earlier from the rat brain 
(rEATPaseA; GenBank accession #Y11835). The splice variant (rEATPaseB; GenBank 
accession #AF129103) encodes 545 amino acids with a predicted protein molecular mass of 60 
kDa. rEATPaseB contains a long cytoplasmic tail (62 amino acids) with three potential protein 
kinase CK2 phosphorylation sites not present in rEATPaseA. Co-expression of two ecto-ATPase 
isoforms with different regulatory sites suggests that the extracellular ATP signal levels may be 
differently influenced by intracellular feedback pathways. 
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 A quantitative reverse transcriptase-polymerase chain reaction (RT-PCR) procedure has been 
developed which selectively amplifies and quantifies the two isoforms of the dopamine D2 
receptor. Variability is corrected by the inclusion of a D2 dopamine receptor mRNA standard 
within each reaction. The internal standard was generated by introducing a point mutation within 
a D2 cDNA clone that created a unique restriction site within the amplified region. An in vitro 
transcribed RNA for the internal mutant control is added to the RNA isolated from brain tissue and 
the mixture is subjected to RT-PCR, digestion with the restriction enzyme, separation of the 
products by PAGE, and quantification by direct analysis of radioactivity incorporated during the 
PCR step. The standard is amplified, in the same reaction aas the experimental RNA, using the 
same primers and RT-PCR conditions. In this manner, the effects of contaminants of the RNA 
preparation which could affect the amplification procedure are assessed. To insure that the 
amplification is linear, the number of PCR cycles is minimized. This adaptation avoids 
'competitive PCR' and provides for a linear response. Moreover, to obviate non-specific co-
amplification, primer annealing steps are performed at or above the melting temperature for the 
primers, thus increasing signal-to-noise ratios. Finally, primer pairs have been designed which 
permit amplification of specific fragments for each of the five rat dopamine receptor subtypes. 
These fragments have unique sizes and so can be differentiated when simultaneously amplified 
in the same RNA preparations. 
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 We have recently cloned a novel Doublecortin CaMK-like kinase (rDCAMKL) cDNA, and a related 
cDNA called CaMK-related peptide (CARP) from the rat hippocampus. These genes are 
structurally highly similar to the human DCAMK-1 gene and doublecortin, a gene associated with 
X-linked lissencephaly and subcortical band heterotopia. Here we report on the genomic 
organization of the murine DCAMKL gene and its products. Our results show that DCAMKL and 
CARP are alternative splice products of the same gene. The DCAMKL gene also generates three 
alternatively-spliced rDCAMKL transcripts of which we have cloned the corresponding cDNAs 
and which potentially generate different DCAMKL proteins. In situ hybridization experiments show 
that the different rDCAMKL transcripts are all expressed in the adult rat hippocampus. We 
conclude that alternative splicing of the DCAMKL gene may generate different but similar proteins 
in the adult rat hippocampus thereby regulating different but overlapping aspects of DCAMKL 
controlled neuronal plasticity. 
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 P2X receptors are ligand-gated ion channels activated by adenosine triphosphate and expressed 
in a broad variety of tissues. The present study demonstrates the expression of various types of 
purinergic P2X receptors in identified retinal ganglion cells (RGCs) of the adult rat retina. Single-
cell reverse transcription polymerase chain reaction (SC-RT-PCR) resulted in a positive 
amplification signal for all P2X receptor subunit mRNAs examined (P2X3-5, P2X7). 
Immunohistochemistry with P2X3,4 receptor subunit-specific antibodies showed a labelling of 
neurons in the ganglion cell layer and inner nuclear layer. Our data suggest that extracellular ATP 
acts directly on RGCs via several types of P2X receptors and may provide neuromodulatory 
influences on information processing in the retina. 
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 Ischemic stress is associated with marked changes in gene expression in the hippocampus--
albeit little information exists on the activation of nonabundant genes. We have examined the 
expression of several known genes and identified novel ones in the adult rat hippocampus after a 
mild, transient, hypovolemic and hypotensive, global ischemic stress. An initial differential 
screening using a prototype array to assess gene expression after stress followed by a 
suppression subtractive hybridization protocol and cDNA microarray revealed 124 nonoverlapped 
transcripts predominantly expressed in the CA1 rat hippocampus region in response to ischemic 
stress. About 78% of these genes were not detected with nonsubtracted probes. Reverse 
transcription polymerase chain reaction (RT-PCR) and in situ hybridization on these 124 
transcripts confirmed the differential expression of at least 83. Most robustly expressed were 
gene sequences NFI-B, ATP1B1, RHOGAP, PLA2G4A, BAX, CASP3, P53, MAO-A, FRA1, 
HSP70.2, and NR4A1 (NUR77), as well as sequence tags of unknown function. New stress-
related genes of similar functional motifs were identified, reemphasizing the importance of 
functional grouping in the analysis of multiple gene expression profiles. These data indicate that 
ischemia elicits expression of an array of functional gene clusters that may be used as an index 
for stress severity and a template for target therapy design. 
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 Postnatal development, such as synapse refinement, is necessary for the establishment of a 
mature and functional central nervous system (CNS). Using differential display analysis, we 
identified a novel gene, termed Bdm1, that is more abundantly expressed in the adult brain than 
in the embryonic brain. The full-length Bdm1 cDNA is 2718 base pairs long and contains an open 
reading frame of 1059 base pairs encoding a 38-kDa protein. Northern blot analysis revealed that 
expression of Bdm1 mRNA in the brain was weak on embryonic days and increased in the early 
postnatal period. Bdm1 mRNA was significantly expressed in the brain and heart, but there was 
no or little expression in other tissues. During the differentiation of mouse carcinoma cells P19 to 
neuron-like cells by retinoic acid, Bdm1 mRNA was up-regulated almost parallel to neurofilament 
mRNA. Expression of Bdm1 mRNA was observed appreciably in PC12 cells after neuronal 
differentiation but not in the nonneural cell lines examined. In situ hybridization demonstrated that 
Bdm1 was expressed widely in the olfactory bulb, cerebral cortex, hippocampus, cerebellum, 
thalamus, and medulla oblongata. Taken together, these data suggest that Bdm1 gene plays a 
role in the early postnatal development and function of neuronal cells. 
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 Foveal cone photoreceptors are morphologically distinct and, presumably, express unique 
transcripts. We have identified a cDNA clone encoding the protein tyrosine phosphatase (PTP), 
phosphatase of regenerating liver 1 (PRL-1) in a screen for genes that are enriched in monkey 
fovea. PRL-1 was originally isolated as an immediate early gene in regenerating liver [R.H. 
Diamond, D.E. Cressman, T.M. Laz, C.S. Abrams, R. Taub, PRL-1, a unique nuclear protein 
tyrosine phosphatase, affects cell growth, Mol. Cell Biol. 14 (1994) 3752-3762]. On cDNA 
Southern blots of human and monkey retina, radiolabeled PRL-1 cDNA hybridized to a single 
mRNA species of about 2.5 kb that was most intense in fovea-enriched samples. The monkey 
PRL-1 deduced amino acid sequence is identical to human, rat and mouse PRL-1. Affinity-
purified antibodies directed against PRL-1 preferentially labeled cone photoreceptor cells and a 
subpopulation of bipolar cells in monkey retina. Immunoreactivity in cones was confined to red 
and green, but not to blue, cones and was restricted to the outer segments. Immunolocalization 
also revealed that PRL-1 protein expression was non-nuclear, suggesting that its function in the 
retina may be unrelated to its role in other tissues where it is expressed primarily in nuclei. 
Although both foveal and extrafoveal cones were PRL-1 reactive, the high abundance of PRL-1 
mRNAs detected in monkey fovea correlates with the high concentration of cones in the fovea. 
The PRL-1 gene is located on chromosome 6q within an interval that also contains the genes that 
cause two hereditary retinal dystrophies. These studies demonstrate novel expression of the 
PRL-1 gene in the neural retina and suggest the phosphatase activity of PRL-1 may modulate 
normal cone photoreceptor cell function. 
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 Nerve growth factor (NGF) influences neuronal development, function, and response to injury. 
Using reverse transcriptase polymerase chain reaction, we find that mouse and rat cortex and 
spinal cord, and both neurons and glia in culture, express NGF mRNA. In the mouse, NGF is 
regulated by at least two promoters that govern synthesis of four different transcripts, A through 
D, that are all expressed in the mouse tissues and cells examined. In contrast, rat NGF 
expression varies with tissue and with cell type: transcript C is expressed strongly in brain but 
weakly in spinal cord, and transcript D is undetectable in rat central nervous system (CNS). In 
addition to species- and tissue-specific expression, NGF transcripts also exhibit cell type-specific 
expression: transcripts B, C and D are expressed in rat astrocytes but poorly or not at all in rat 
neurons, identifying glia as an important source of NGF in rat. NGF increases sharply after injury. 
TGF-[beta]1, which also increases immediately after injury, induces NGF mRNA and protein in rat 
and mouse glia but not in neurons. Furthermore, transcripts A, B and D, but not C, are 
upregulated by TGF-[beta]1 in mouse glia, whereas in rat glia, the major responsive transcript is 
C. Thus, there may be multiple TGF-[beta]1-responsive elements in the NGF promoters located 
upstream of exons 1 and 3 that may differ between mouse and rat. Moreover, NGF transcripts 
are differentially expressed in a species-, cell type-, and inducer-specific manner. These results 
have implications for the use of mice versus rats as models for the study of NGF regulation 
following CNS injury. 
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 The greater sensitivity of long-sleep (LS), as compared with short-sleep (SS), mice to ethanol is 
due in part to differences in GABAA receptor function in specific brain regions. To determine if 
differences in subunit composition of GABAA receptors contribute to this differential sensitivity, 
we measured [alpha]1 and [gamma]2 subunit mRNAs with Northern analysis and in situ 
hybridization and [gamma]2S, [gamma]2L and [alpha]6 subunit mRNAs with polymerase chain 
reaction (PCR) amplification. No differences in mRNAs in whole brain were apparent by Northern 
analysis. In situ hybridization revealed that [alpha]1 and [gamma]2 subunit mRNAs were co-
localized in many brain regions but that they still had distinct patterns of hybridization. However, 
the few differences observed between LS and SS mice in the levels of hybridization for these 
subunits did not show a regional distribution consistent with ethanol sensitivity differences. Similar 
ratios of [gamma]2L and [gamma]2S subunit mRNAs were found in LS and SS mouse cerebral 
cortex and hippocampus, and both mouse lines expressed essentially only [gamma]2L subunit 
mRNA in cerebellum, mRNA for the [alpha]6 subunit was detected only in cerebellum and also 
was qualitatively similar between LS and SS mice. Studies of muscimol-stimulated 36Cl- uptake 
by cortical membrane vesicles confirmed earlier findings that ethanol does not enhance function 
of GABAA receptors in SS mice when assayed at 30[deg]C. However, at 34[deg]C ethanol did 
increase this function in SS mice although the enhancement remained greater in LS mice. These 
functional results, together with the results showing similar levels of [alpha]1, [gamma]2S, 
[gamma]2L and [alpha]6 subunits in LS and SS mice, suggest that the ethanol-insensitivity of SS 
mouse GABAA receptors cannot be due solely to lack of subunits required for ethanol action and 
further suggest that differences in catalytic mechanisms affecting post-translational processing 
may account for some genetic differences in ethanol sensitivity of GABAA receptors. 



 

Zhou, C. J., S. Kikuyama, et al. (2000). "Cellular distribution of the splice variants of the receptor for 
pituitary adenylate cyclase-activating polypeptide (PAC1-R) in the rat brain by in situ RT-PCR." 
Molecular Brain Research 75(1): 150. 

 http://www.sciencedirect.com/science/article/B6T07-3YDG207-
M/2/b936854c9bb30c28fc579da093b12b73  

 Pituitary adenylate cyclase-activating polypeptide (PACAP) is a pleiotropic neuropeptide and its 
specific receptor (the PAC1 receptor) is widely distributed in the rat brain. It has been reported 
that alternative splicing of the region encoding the third intracellular loop of the PAC1 receptor 
generates six isoforms which are differentially coupled to signal transduction pathways, but the 
precise distribution and localization of these splice isoforms in the brain remain to be determined. 
Using the initial specific primer pairs which correspond to the 'hip' or 'hop' types of receptors for 
the solution-phase reverse transcription-polymerase chain reaction (RT-PCR), we demonstrated 
that the major splice variants of the PAC1 receptor in various regions of the rat brain are the short 
splice isoform 'PAC1-R-s' which does not contain either the 'hip' or 'hop' cassette and the another 
splice isoform, 'PAC1-R-hop', which contains the 'hop' cassette. With an innovative molecular 
histochemical technique, in situ RT-PCR, we determined that these two splice isoforms are both 
intensely expressed in the mitral cells of the olfactory bulb, the Purkinje cells of the cerebellum, 
the pyramidal cells of the hippocampus and neocortex, and many neurons in the nuclei of 
hypothalamus and thalamus as well as other regions. The initial mapping of the cell type-specific 
expression of these two splice variants of the PAC1 receptor provides the basis for a better 
understanding of the functional significance of the PAC1-R and its ligand PACAP in various brain 
regions. 
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 [beta]-Amyloid (A[beta]) is formed by sequential cleaving of the amyloid precursor protein by two 
proteolytic enzymes, [beta]- and [gamma]-secretases. [beta]-Secretase (BACE) is a type I 
transmembrane aspartic proteinase that is highly expressed in the mammalian brain. Four 
alternative splice variants of BACE are currently known and each encodes for a protein isoform 
with a different enzymatic activity. In Alzheimer's disease (AD) patients, the enzymatic activity 
and protein levels of BACE are increased in the neocortex, suggesting their differential 
expression may have a role in A[beta] plaque formation. We have determined the differential 
expression of BACE mRNA and its splice variants in eight regions of the rat and two of the human 
brain. In humans, the frontal cortex which shows A[beta] deposition in AD, expressed three-fold 
more BACE than the cerebellum and four fold more than the rats' frontal cortex both of which do 
not form A[beta] plaques. The highest BACE levels of rats were found in the frontal cortex and 
less in other areas. Although most human and rat brain regions expressed all four BACE variants, 
the human cerebellum did not express the I-457 BACE variant. Human and rat frontal cortex 
expressed high levels of the I-501 and I-457 variants, but I-432 was highly expressed only in the 
rat. Species-specific differences were evident between human and rat brain areas, suggesting 
that BACE transcript variants may have different evolutionary conservation. Differential 
expression of BACE variants may explain the broad spectrum of phenotypic abnormalities and 
possible pathogenetic mechanisms underlying Alzheimer's disease. 
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