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NMDA receptors (NMDARS), a specific class of glutamate receptors, play an impor-
tant role in many normal and pathological processes in the brain. NMDARs are
ligand gated ion channels comprised of heteromeric assemblies of subunits encoded
by seven different genes (NR1, NR2A-2D, and NR3A-3B). Distinct pharmacologi-
cal, physiological, and signal-transducing properties are associated with each sub-
unit, indicating that fundamental properties of NMDARSs are in part determined by
subunit composition.! Changes in subunit composition may in turn underlie patho-
physiological alterations linked to NMDAR dysfunction.

There is growing evidence that glutamatergic dysfunction may be involved in the
pathophysiology of schizophrenia; in particular, it has been hypothesized that the ac-
tivity of the NMDAR is decreased in this illness.? Several studies examining the ex-
pression of the NR1 and NR2 subunits in schizophrenia have found brain region-
specific changes in transcript levels for these subunits in schizophrenia.? Expression
of the NR3A subunit has not yet been investigated in schizophrenia.

Previous studies, however, do provide evidence that the NR3A subunit may act as
a unique and important modulator of NMDAR activity and function. In rodents, in-
corporation of the NR3A subunit into NR1/NR2-containing receptors decreases
NMDAR activity.* NR3A can also indirectly modulate NMDAR activity by altering
the phosphorylation state of the obligatory NR1 subunit,? and when coassembled
with NR1, generates a functional excitatory glycine receptor.®

Anatomical data in rodents also indicate that the NR3A subunit is highly ex-
pressed in brain regions implicated in schizophrenia, including prefrontal cortex,
thalamus, hippocampus, and amygdala. Many of the abnormalities observed in these
regions in schizophrenia are thought to be associated with abnormal developmental
processes occurring during the second trimester of pregnancy.” Collectively, these
data suggest that alterations in NR3A expression may also contribute to NMDAR
dysfunction implicated in schizophrenia.
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FIGURE 1. NR3A mRNA expression in the human fetal cortex. In situ hybridization
was performed using a [3°S]-labeled riboprobe containing a subclone for the rat NR3A sub-
unit (NCBI GeneBank accession number AF073379, nucleotide coding region1139-1676).
Transcript for the NR3A subunit of the NMDA receptor was detected in all four cortical lay-
ers in the developing human neocortex. Abbreviations: M= marginal zone, C=cortical plate,
I= intermediate zone, V=ventricular zone.

To begin to characterize NR3A expression in human brain and determine if the
NR3A subunit is expressed at an appropriate time in human brain development to
play a role in the etiology of schizophrenia, we examined NR3A transcript levels by
in situ hybridization in human fetal cortex. Human fetal tissue was obtained from Dr.
Alan Unis, University of Washington, and has previously been described in an earlier
report.8 The riboprobe used for this study was synthesized from a linearized plasmid
containing an NR3A subclone (NCBI GeneBank accession number AF073379, nu-
cleotide coding region1139-1676) and labeled with [33S]. NR3A mRNA was detect-
ed in all layers of the developing cortex (F1G. 1) at different gestational weeks within
the second trimester (F1G. 2). NR3A mRNA was especially prominent in the margin-
al and ventricular zones during this time, which corresponds to a period of cortical
migration in human cortical development,® suggesting that NR3A may play a role in
cortical migration. Interestingly, NMDARs are known to be involved in cortical
migration!? and there is evidence of abnormal cortical neuronal migration in schizo-
phrenia.!1-12 Another developmental abnormality observed in schizophrenia is de-
creased dendritic spine density in the cortex and mice lacking NR3A show increased
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FIGURE 2. Time course of NR3A mRNA expression in the developing human cortex.
NR3A transcript levels were measured in the developing human cortex during gestational
weeks 12-20. Transient increases were seen in all cortical regions during this period. NR3A
expression was particularly high in the marginal and ventricular zones in the second trimes-
ter. Open bars, marginal zone; striped bars, cortical plate; gray bars, intermediate zone;
black bars, ventricular zone.

cortical spine density suggesting that NR3A may play a role in dendritic growth dur-
ing development.!3

Taken together, these data on the NR3A subunit of the NMDAR suggest that it is
highly expressed in the developing human neocortex, may be associated with neu-
ronal migration and dendritic spine density, and may play a role in developmental
abnormalities associated with the pathophysiology of schizophrenia.
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