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The distributions of the transcripts encoding the five 
dopamine receptors have been determined in the human 
striatum and selected regions of the neocortex. In the 
striatum significant levels of dopamine receptor expression 
are restricted to the D1, D2, and 03 receptors. D1 and 02 
receptor messenger ribonucleic acids (mRNAs) are 
homogeneously distributed throughout the caudate, 
putamen, and nucleus accumbens. 03 receptor mRNA is 
particularly enriched in the nucleus accumbens, with 
moderate levels in the ventral putamen. In the prefrontal 
cortex 01 and D4 receptor mRNAs are the most abundant, 
although the other three transcripts are seen at lower levels. 
-------------
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The cloning of five dopamine receptors (Grandy et al. 
1989; Dearry et al. 1990; Giros et al. 1990; Sunahara et al. 
1990, 1991; Zhou et al. 1990; Van Tol et al. 1991) has led 
to a new appreciation of the subtle complexity that mul
tiple subtypes of receptors permit. A number of features 
ultimately determine the function of each receptor sub
type, including pharmacology, second messenger cou
pling, and number of receptor molecules expressed. An 
important determinant in the expression of function of 
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A similar pattern is seen in the temporal neocortex. In the 
occipital cortex, D1 receptor mRNA is the most abundant, 
0 3 the rarest, while the other three transcripts are present at 
modest levels of expression. These data add to a growing 
understanding of the neuroanatomical distribution of these 
transcripts in the human brain. They are essential to 
understand in the context of the limbic circuitry of the 
brain, as new hypotheses of dysfunction of dopaminergic 
neurotransmission are advanced in psychiatry and as these 
receptor subtypes are targeted for development of novel 
pharmacological treatments. [Neuropsychopharmacology 
15:17-29, 1996] 

these receptors is neuroanatomical region-specific ex
pression. Each of the dopamine receptors has been 
found to have a unique pattern of regional distribution 
in the brain. This, coupled with pharmacological fea
tures, determines the net result of receptor stimulation 
in a given brain structure. Accordingly, an understand
ing of the neurochemical anatomy of these receptors is 
of considerable interest. 

Most of the understanding of the anatomical local
ization of the individual dopamine receptor subtypes 
has come from studies in rat brain, initially at the level 
of messenger ribonucleic acids (mRNAs) and more 
recently from work with specific antibodies to visualize 
receptor proteins in tissue sections (reviewed in Mea
dor-Woodruff 1994 and Meador-Woodruff et al. 1994c, 
1995). Detailed studies in the rat have revealed that D1 
and D2 receptors, both at the mRNA and protein levels, 
are abundantly expressed in most of the traditional 
dopaminoceptive regions of the rat brain, including 
regions associated with motor, limbic, and neuroendo
crine functions. The novel receptor subtypes, D3, D4, 
and D5 have more restricted distributions. D3 and D4 
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receptors appear to be localized primarily in limbic 
regions of rat brain, with little to no expression in the 
dorsal striatum. The Ds receptor has a very limited dis
tribution, primarily expressed in the diencephalon and 
hippocampus. These distinctive patterns of distribution 
suggest that certain receptor subtypes may be associ
ated with specific dopaminergic functions. For exam
ple, striatal expression of D1 and D2 receptors suggests 
that these two subtypes may be the most significant in 
motor functions modulated by dopamine, whereas D3 

and D4 receptors restricted to more limbic structures 
suggest that they may be of importance in our under
standing of psychiatric illnesses. 

Despite the rather detailed understanding of the 
neuroanatomy of these receptors in the rat brain, rela
tively little is known about their localization in the 
human brain. In this study, we report our findings on 
the localization of the transcripts for all five dopamine 
receptors in the human striatum and selected regions of 
cortex, and we summarize the current state of under
standing of the distribution of these receptors through
out the entire human brain. 

METHODS 

Postmortem human brain specimens were obtained at 
autopsy from five individuals without psychiatric or 
neurological disorders. The average age of these sub
jects was 72.8 :+: 11.6 years (range 55-86 years); three 
were female and two were male. The mean postmortem 
interval was 5.7 :+: 3.1 hours. Brains were prepared by 
slicing one hemisphere into 1-cm thick coronal slabs 
that were immediately frozen on dry ice. 

Sections from tissue blocks containing regions of 
interest (striatum, prefrontal cortex, temporal cortex, 
primary visual cortex) were cryostat-sectioned (20 µ.m) 
and were thaw-mounted onto poly-L-lysine subbed 50- x 
75-mm microscope slides. Sections were dried and 
stored at -80°C. For this study two slides per subject 
per region of interest were prepared for in situ hybrid
ization as we have previously described (Meador-Wood
ruff et al. 1993, 1994a, 1994b). Sections were hybridized 
with [35S]-labeled riboprobes for human dopamine recep
tor mRNA, using probes that we have described in 
detail in earlier studies. The D1 probe was a 396-bp frag
ment of the human D1 receptor (bases 208-603) corre
sponding to transmembrane domains II-V, including 
the second cytosolic loop. The 02 receptor probe was a 
446-bp portion of the human D2 receptor (bases 1044-
1489) and directed to the region of human D2 receptor 
mRNA encoding the third intracytosolic loop and trans
membrane domains VI and VII. The D3 probe was a 
536-bp fragment of the human 03 receptor (bases 727-
1262) corresponding to transmembrane domains V-VII, 
including the third cytosolic loop. The 0 4 receptor 
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probe was a 236-bp portion of the human D4 receptor 
(bases 1532-1767) and directed to the region of human 
D4 receptor mRNA encoding transmembrane domain 
IV and the third intracytosolic loop. The Ds probe was a 
900-bp fragment of the human D5 receptor (bases 900-
1799) corresponding to the third intracytosolic loop and 
transmembrane domains VI and VII. 

To generate antisense riboprobes, 1 µ.g of linearized 
DNA was labeled with 125 µ.Ci of 35S-UTP using either 
SP6, T3, or T7 RNA polymerase. This reaction was in a 
final volume of 25 µ.l and was in the presence of 1 µ.l 
each of 10 mM ATP, 10 mM GTP, and 10 mM CTP; 2 µ.l 
of dithiothreitol (0.1 M); 5 µ.l of 5X polymerase buffer; 1 
µ.l of RNAse inhibitor; and 1 µ.l of RNA polymerase. 
After allowing the labeling reaction to proceed for 2 hours 
at 37°C, the labeled probe was separated from unincor
porated nucleotide by chromatography on a Sephadex 
G-50 column equilibrated with a 0.1 M Tris-HCI (pH 
7.5) buffer containing 150 mM NaCl, 12.5 mM EDTA, 
and 0.2% NaDodSO-i. 

For in situ hybridization, slides were placed in 4% 
formaldehyde at room temperature for 1 hour. The sec
tions were then rinsed in phosphate-buffered saline and 
placed in a solution containing proteinase K (1 mg/ml 
in 100 mM Tris and 50 mM EDTA, pH 8.0) for 10 min
utes at 37°C. Slides were subsequently rinsed briefly 
with water, rinsed with 0.1 M triethanolamine (pH 8.0) 
and treated with 0.1 M triethanolamine (pH 8.0) on ace
tic anhydride (400:1, vol:vol) with brisk stirring for 10 
minutes at room temperature. The sections were washed 
with 2X SSC (300 mM NaCl, 30 mM sodium citrate, pH 
7.2) for 5 minutes at room temperature, dehydrated 
through graded alcohols, and air-dried. 

These sections were next hybridized with the 
15S-labeled riboprobes overnight at 55°C. Probes were 
diluted in hybridization buffer to a final concentration 
of 1-2 X 107 dpm/ml. The hybridization buffer was 
50'½, (vol:vol) formamide; 10°/4, (wt:vol) dextran sulfate; 
3X SSC; 50 mM sodium phosphate, pH 7.4; lX Den
hardt's solution (0.02% polyvinyl pyrrolidone, 0.02% 
Ficoll, 0.02% bovine serum albumin); 0.1 mg/ml yeast 
tRNA; and 10 mm dithiothreitol. A diluted probe (500 
µ.L) was applied to prehybridized tissue sections, cov
ered with a glass cover slip, and placed on racks in trays 
above a layer of 50% formamide. 

Following hybridization, the cover slips were removed. 
The sections were first rinsed in 2X SSC at room tem
perature for 5 minutes, then in RNAse A (200 mg/ml in 
10 mM Tris, 0.5 M NaCl, pH 8.0) for 60 minutes at 37°C, 
2X SSC at room temperature for 10 minutes, 1 X SSC at 
room temperature for 10 minutes, 0.5X SSC at 55°C for 
1 hour, and a final rinse in 0.5X SSC at room tempera
ture. These slides were dehydrated in graded ethanols 
and air-dried. 

The slides were placed into X-ray cassettes and 
apposed to Kodak XAR-5 film for 2 to 4 weeks. The film 
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Figure 1. Dopamine receptor mRNA in the human striatum. The D1 receptor mRNA is rather homogeneously distributed 
throughout the caudate (C), putamen (P), and nucleus accumbens (A), although there appears to be a slight enrichment in 
the nucleus accumbens relative to the dorsal aspect of the striatum. The 0 2 receptor mRNA is found in all three regions of 
the striatum at comparable levels of expression. The D3 receptor mRNA is present in all three regions as well, but is particu
larly enriched in the nucleus accumbens and the ventral aspect of the putamen. The I:li transcript is extremely rare in the stri
a tum, with very faint labeling occasionally seen in the medial aspect of the nucleus accumbens (arrows). Ds receptor mRNA 
is not visualized in the striatum under these conditions. 
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was then developed and used for image analysis using 
NIH Image (vl.56) on a Macintosh-based imaging sys
tem. Gray-scale values were obtained from regions of 
interest, corrected for tissue background, and then con
verted into optical density values. 

Technical control studies were performed to ensure 
the specificity of each riboprobe, as previously de
scribed (Meador-Woodruff et al. 1993, 1994a, 1994b). 
Both "sense-strand" and RNAse-pretreated "antisense" -
labeled sections were run in parallel with "antisense" -
labeled sections; specific hybridization was observed 
only with the "antisense"-labeled probes. 

RESULTS 

Striatal Distribution 

Dopamine receptor mRNAs are seen throughout the 
human striatum, but are distributed in unique patterns 
(Figures 1 and 2). The D1 receptor mRNA is densely 
expressed in both the dorsal and ventral aspects of the 
striatum. This mRNA is homogeneously distributed in 
the caudate and putamen, with apparent equal labeling 
in these two subdivisions. The D1 receptor mRNA is 
also expressed in the nucleus accumbens and appears 
to be present at slightly higher levels in this region than 
in the dorsal aspects of the striatum. The D2 receptor 
mRNA is also expressed throughout the striatum and is 
present at approximately equal levels in all three subdi
visions. The D3 receptor mRNA is located primarily in 
the ventral aspect of the human striatum, with particu
lar enrichment in the nucleus accumbens. We have also 
consistently noted a slight enrichment of this mRNA in 
the putamen compared to the caudate, associated with 
higher levels of labeling in discrete patches in the puta
men. The D4 receptor mRNA, if present, is also at 
extremely low levels. We have not been able to observe 
this mRNA consistently within the human striatum, but 
occasionally it has been noted in the nucleus accum
bens, particularly in the medial aspect. This needs to be 
interpreted with caution, however, as this low level of 
expression is barely above background after very long 
emulsion exposures. The Ds receptor mRNA is not 
observed in the striatum under the conditions that we 
have employed to date. 

Cortical Distribution 

The dopamine receptor mRNA is expressed throughout 
the human neocortex, but as seen with the striatum, this 
varies from mRNA to mRNA. In this report we present 
observations from the prefrontal, temporal, and occipi
tal cortices. 

In the prefrontal cortex the mRNAs encoding the D1 
and 04 receptors are the most abundant, based on our 
observations. As shown in Figure 3, the 01 receptor 
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Figure 2. Quantitation of D1, D2, and D3 receptor mRNAs 
in the human striatum. Optical densities were determined 
for the caudate, putamen, and nucleus accumbens (ACB) 
from the five subjects in this study. Note the generally equiv
alent levels of expression for Di and D2 receptor mRNAs in 
each subdivision of the striatum, and the enrichment of the 
D3 receptor mRNA in the nucleus accumbens relative to the 
caudate and putamen. These data are in general agreement 
with the qualitative images presented in Figure 1. Absolute 
optical density values can be compared directly only between 
regions for a given probe, and not across different probes. 
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mRNA is particularly enriched in the deeper layers of 
the prefrontal cortex, although fainter labeling can be 
appreciated in more superficial layers. A similar pattern 
is seen for the 04 receptor mRNA, which is observed in 
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Figure 3. Dopamine receptor mRNA distribution in 
the prefrontal cortex. The most abundant expression of 
dopamine receptor mRNAs in prefrontal cortex is for D1 
and D4 receptors. D2 and Ds receptor mRNAs are also 
expressed in this region of the cortex but at lower levels. 
The D3 receptor mRNA is quite rare in the prefrontal 
cortex. Note the labeling in both superficial and deep 
layers, indicated by long thin arrows and shorter thick 
arrowheads, respectively. 

both superficial and deeper layers of the prefrontal neo
cortex. Although the gradient between laminae is not as 
striking as that seen for the D1 mRNA, there is an 
apparent enrichment of the 04 mRNA in the deep cortex. 
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The remaining three receptor mRNAs (D2, D3, and 
D5) are present at much lower levels than those encod
ing D1 and D-1. The D2 receptor mRNA is the most 
abundant of these rarer cortical transcripts and can be 
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Figure 4. Dopamine receptor mRNA in the temporal 
neocortex. As with the prefrontal cortex, the most abun
dant mRNAs are for the D1 and D4 receptors, followed 
by D2 and Ds, with D3 receptor expression being very 
low. Labeling for D1, D2, 04, and Os is seen in deeper 
cortex (d and arrows) and in middle layers (m), but not 
the most superficial laminae (s) of the cortex. The D3 
receptor mRNA is primarily located in the middle zone. 

seen faintly in both the superficial and deep layers of 
this region. 03 and 05 receptor mRNAs are particularly 
rare and appear to be predominantly expressed in the 
deeper layers. 
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A similar pattern of cortical distribution is found in 
the temporal neocortex (Figure 4). We have previously 
reported our observations of the distributions of the 
dopamine receptor transcripts in hippocampal and 
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Figure 5. Dopamine receptor mRNA in 
the occipital cortex. At this level, the D1 
receptor mRNA is the most abundant. D2, 
D4, and Ds are relatively similar in their 
respecti\'e levels of expression, and, as seen 
in the other areas of the cortex, D3 labeling 
is the least abundant. The D1 receptor 
mRNA is concentrated in the deeper layers 
(primarily layer VI). The other four tran
scripts are each equally distributed across 
three distinct zones, likely composed of lay
ers II/lil/lVa, !Ve, and VT. Images at right 
correspond to higher-power views of the 
area outlined in the box in the left D1 panel. 

related structures and noted the temporal neocortical 
labeling (Meador-Woodruff et al. 1994b ). We expand 
our finding in this report. As seen in the prefrontal cor
tex, D 1 and D.i receptor mRNAs are the most abun-
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dantly expressed of the dopamine receptor mRNAs in 
the temporal neocortex. D1 and D.1 receptor mRNAs are 
seen in both the superficial and deeper layers of the 
temporal lobe cortex. There is a gradient for D1 mRNA, 
with relative enrichment in deeper layers. 

Patterns for D2, D3, and Ds mRNAs are also observed 
in the temporal cortex and are similar to those seen in 
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the prefrontal cortex. The D2 receptor mRNA is again 
the most abundant of these three rarer mRNAs, and it is 
expressed in both superficial and deeper layers. D3 and 
D~ receptor mRNAs are also seen in both superficial 
and deeper layers, although at lower levels than seen 
for D2. 

For the prefrontal and temporal cortices, we are 



NEUROPSYCHOPHARMACOLOGY 1996-VOL. 15, NO. 1 

0.25 

0.20 
D1 

0.15 

0.10 

----- BA17 
0.05 

0.00 
0.10 

0.05 

0.00 ....... --1 ... ---r-----.---..----.-----,,---' 
0.l0"T""--------------------

0.05 

0.00 
0.15 

0.10 

0.05 

0.00 
0.15 

D5 
0.10 

0.05 

0.00 ....... --1 ... --.....-----,---..----.-----,,---J 
II-ill IVab IVc V VI 

C 

unable to make more definitive statements of localiza
tion of individual mRNAs to specific laminae beyond 
indicating that labeling was seen in superficial and/ or 
deep layers. The conditions necessary to visualize these 
rare transcripts in the human cortex (frozen tissue, 
harsh steps to permeabilize the tissue, lengthier post
mortem intervals than possible with animal experi
ments) result in a loss of cytoarchitectural detail. With 
this in mind, what we have described as "deeper lay-
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Figure 6. Quantitation of dopamine receptor mRNAs in 
the human neocortex. Optical densities were determined 
in multiple cytoarchitectural regions from the five subjects in 
this study. (A) represents data from the prefrontal cortex 
(Brodmann areas 9 and 11), which parallel the images in Fig
ure 3. (B) contains data from the temporal cortex (Brodmann 
areas 20 and 22), corresponding to the images in Figure 4. (C) 
is from the visual cortex (area 17), in general agreement with 
the qualitative images presented in Figure 5. See text for dis
cussion of approximation of laminae for each region. As in 
the case of the striatal data presented in Figure 2, absolute 
optical density values can be compared only directly 
between laminae for a given probe, and not across different 
probes. 

ers" are likely laminae V and VI, and the more superfi
cial layers are probably laminae II and III. 

We have also examined the occipital cortex and 
observed a distinct lamination of mRNA labeling. 
Because of the striking cytoarchitecture of the primary 
visual cortex, we are more comfortable with our assign
ments of labeled layers, as shown in Figure 5. The D1 

receptor mRNA is distributed in both the superficial 
and deep layers with enrichment in deeper layers, as 
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seen in other regions of the cortex. In the visual cortex, 
however, the deep labeling appears also to have a gra
dient, with more significant labeling in the deepest part 
of the deep zone (which probably reflects a higher 
expression of 01 mRNA in layer VI than in layer V). 
Very faint labeling is also seen in a superficial zone, 
likely composed of laminae II and III. 

The other four transcripts are seen in three discrete 
zones: a deep zone (apparently lamina VI), a superficial 
zone (apparently II, III, and IVa), as well as a well
defined middle zone that appears to correspond to 
layer IVc. For each probe the relative amount of mRNA 
labeled is about the same in each of these three zones. 
As in the case of the other regions of the cortex pre
sented, the 04 mRNA appears to be the most abundant, 
with 03 being the rarest. Interestingly, the levels of 0 2 
and 05 appear to be higher in this region than seen in 
the other two discussed, at least relative to the apparent 
density of the other transcripts. 

These cortical data are presented in a more quantita
tive fashion in Figure 6. Cytoarchitectural regions were 
examined from each section, and optical densities across 
approximate laminae determined by image analysis fol
lowing in situ hybridization. In general, these quantita
tive data correspond closely to the images presented in 
Figures 3-5. For the prefrontal cortex, both Brodmann 
areas 9 and 11 were surveyed. Both of these areas of the 
prefrontal cortex had dopamine receptor mRNA expres
sion in both the superficial and deep layers, and the pat
tern of labeling for each probe was similar between 
both of these cytoarchitectural regions. A similar pat
tern was observed for the temporal cortex in the two 
Brodmann areas examined (areas 20 and 22) from that 
tissue block. Finally, in the occipital cortex (area 17), 
three distinct optical density peaks were observed, cor
responding to the three bands apparent in Figure 5. 

In addition to these five subjects, we have made sim
ilar qualitative observations in a number of other brains 
that we are using in other ongoing studies. We have 
observed similar cortical labeling in 28 subjects and this 
pattern of striatal expression in 36 individuals (range of 
ages 21-96 years). 

DISCUSSION 

Transcripts for the dopamine receptors are identifiable 
in multiple regions of the human neocortex and in the 
striatum, but are distributed in a heterogeneous fash
ion. Although the neuroanatomical distributions of 
these five mRNAs are well established in the rodent, 
less is known about their distributions in the human. 
Numerous lines of speculation have been advanced 
postulating the involvement of specific dopamine recep
tors (or perhaps excluding others) in psychiatric ill
nesses, based on the combination of their pharmacological 
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properties and their distribution in the rat brain. It is 
now clear, however, that some of these receptors are dif
ferentially expressed not only across brain regions but 
also across species, with several discrepancies between 
the rat and human brain. 

In the human striatum, 01, 02, and 03 receptor 
mRNAs are the most abundant of the dopamine recep
tors. Whereas 01 and 02 receptor mRNAs are distrib
uted rather equally throughout the dorsal and ventral 
aspects of the striatum, the 03 receptor mRNA is 
expressed in a distinct manner, with prominent labeling 
apparent in the ventral regions, suggesting a more lim
bic role for the 03 receptor. In the case of 01, 02, and 03 
receptor mRNAs, the human distributions noted here 
and previously reported by others (Mengod et al. 1991, 
1992) are strikingly similar to the distributions of these 
messages in rat brain. Further, the distribution of the 03 
receptor mRNA parallels the distribution of binding 
sites for this receptor in the human brain (Murray et al. 
1994; Herroe len et al. 1994). 

Striatal 0 4 mRNA receptor expression is very low in 
the human, at levels barely above background, and 
apparently restricted to the nucleus accumbens. This 
finding is similar to our unpublished observation of 
negligible 04 receptor mRNA presence (as visualized 
by in situ hybridization) in the rat striatum as well. 
There is a single report demonstrating 04 receptor 
mRNA in the rat striatum using in situ hybridization 
that indicates that the 04 mRNA is restricted to the ven
tral aspect of the rat striatum (O'Malley et al. 1992). 
Most recently Schoots et al. (1995) demonstrated that 
clozapine regulates the 04 receptor mRNA and binding 
sites in the rat stria tum. In order to demonstrate the reg
ulation of this mRNA, however, polymerase chain reac
tion (PCR) was used for 30 cycles to amplify the 04 
mRNA for detection, suggesting that it is present at 
extremely low levels. The consensus on these data 
appears to be that the D4 receptor mRNA may be 
expressed in the striata of both the rat and the human, is 
likely more abundant in the ventral aspect, but is proba
bly present in both species at very low levels. 

The low level of expression of the 04 receptor mRNA 
in the striatum is particularly intriguing given several 
recent reports of disproportionately higher levels of 
expression of putative 0 4 binding sites in this structure 
in the human and the apparent dramatic upregulation 
of 0., binding sites in schizophrenia. Seeman et al. 
(1993) recently reported a nearly sixfold increase in stri
atal 0 4 receptor binding in schizophrenic brains, using 
an indirect method involving subtracting Bmax values 
for two different radioligands with different affinities 
for the 0 2, 0 3, and 04 receptors. Of note, these data sug
gest that a substantial proportion (nearly half) of all 
"02-like" binding in the striatum is due to 04 sites. 
Using a similar strategy Murray and coworkers (1995) 
have replicated this finding, but the magnitude of 
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change was not nearly as dramatic. These reports need 
to be interpreted with caution, however, as not all 
groups have been able to demonstrate 0 4-like binding 
in human striatum using these subtraction techniques 
(Reynolds et al. 1994). 

If the Seeman and Murray results are correct, how
ever, there appears to be a striking dissociation between 
the 0 4 mRNA and 04 binding sites in the striatum. In 
both the rat and the human very low levels of apparent 
mRNA expression appear to result in very high levels 
of 04 binding sites (perhaps as much as half of all 
02-like sites in the striatum). The efficiency of transla
tion of this particular mRNA may well be extraordi
narily high. However, the necessary rate would appear 
to be unprecedented in receptor neurobiology. A more 
likely interpretation of these data is that the 04 recep
tors expressed in striatum are encoded elsewhere and 
transported to the striatum; the mRNA is seen solely 
over the cell bodies of cells encoding the given receptor, 
whereas the final receptor protein is inserted into the 
membrane over the cell body as well as on distal pro
cesses. Given the abundant expression of 04 receptor 
mRNA in deeper layers of the neocortex, it appears 
likely that striatal D4 binding sites are encoded in the 
cortex. lt is probable that striatal 0 4 receptors are 
encoded by glutamatergic cells in the cortex projecting 
to the striatum; the striatal 04 receptors would then be 
presynaptic receptors on glutamatergic efferents. 

An alternative explanation would be that striatal 04 
receptors are encoded in the dopamine-containing mid
brain nuclei (primarily the substantia nigra and the 
ventral tegmental area), represent dopamine receptors 
that are located presynaptically on dopaminergic cell 
processes, and thus serve a role as dopamine autorecep
tors. This possibility is much less likely: we have previ
ously reported that dopamine autoreceptors in the 
human appear to be restricted to the 02 and 0 3 recep
tors, as we are not able to visualize the 0 4 receptor 
mRNA in the human midbrain (Meador-Woodruff et al. 
1994a). 

We have been unable to demonstrate the existence of 
the Os receptor mRNA in the striatum in the rat or in 
the human brain. Interestingly, however, we have visu
alized low levels of Ds receptor transcript in the brain of 
the old-world monkey (Beischlag et al. 1995), as has 
another group (Huntley et al. 1992). 

The cortical data from the present study are consid
erably different from what has been previously reported 
in the rat brain. In general, D1, 02, 03, and 04 receptor 
mRNAs have all been seen in the rat neocortex, but at 
very low levels of expression (Meador-Woodruff 1994; 
Meador-Woodruff et al. 1994c, 1995). The Ds receptor 
mRNA has not been found in the rat cortex. In the 
human all five of these mRNAs are expressed in the cor
tex, and at apparently much higher levels than in the 
rat. As seen in the rat, the 01 receptor mRNA is the 
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most abundant dopamine receptor mRNA in the human 
cortex, and it is primarily expressed in the deeper lay
ers. The other four transcripts are expressed in both the 
superficial and deep layers in the human. Although the 
distributions of the 02 receptor mRNA in the rat and 
human appear similar, the expression of the D3, D4, and 
Ds receptors are notably different. 

The 0 3 receptor mRNA is clearly the rarest of these 
transcripts in the human neocortex, expressed at rela
tively lower levels in the human than in the rat. On the 
other hand, the 04 receptor mRNA is enriched in the 
human cortex, and in some regions it may be the pre
dominant form of "02-like" (e.g., 02, D3, and 04) 
mRNA expression. The Ds receptor mRNA has a pat
tern similar to that of the 02 receptor, unusual and 
unexpected given its lack of cortical distribution in the 
rat. These results in the human cortex are similar to 
what has been previously reported in the monkey and 
human motor cortex for 01, 02, and Ds receptor 
mRNAs (Huntley et al. 1992). Transcripts for all five of 
the dopamine receptors are expressed in multiple 
regions of the human neocortex and thus appear to be 
substrates for encoding cortical D1- and 02-like receptor 
binding. 

These data add to our earlier reports of the distribu
tion of dopamine receptors in the human medial tem
poral lobe (particularly the hippocampus) (Meador
Woodruff et al. 19946) and mid brain (Meador-Woodruff 
et al. 1994a). We have attempted in Figure 7 to summa
rize the data in the current report, these previous 
papers, and the rest of the literature that has been cited. 
This summary figure reflects the current state of under
standing of the distributions of these five transcripts in 
the human brain. 

In addition to their pharmacological properties, the 
neuroanatomical pattern of expression of the subtypes 
of dopamine receptors is an important determinant of 
the net activity of the brain dopamine systems. This 
anatomy has been most extensively studied in the rat, 
but more recent work in the human brain has revealed 
some significant differences between human and rat 
neurochemical anatomy. These differences are likely 
important in understanding various aspects of the man
ifestations and treatment of disorders of dopaminergic 
neurotransmission, particularly schizophrenia. 
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