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Identification of receptor expression patterns is an important initial element
in delineating interactions between cellular signaling systems. In addition to
understanding normal physiology, changes in receptor populations can be
used to track disease progression. Here, we demonstrate the utility of infrared
immunostaining for rapid and detailed evaluation of expression patterns for
two G protein coupled receptors, the cannabinoid CB1 and dopamine D2
receptor in mouse brain.

INTRODUCTION
G protein coupled receptors (GPCR) represent
the largest protein family with over 1000 distinct
members and is the therapeutic target for the
majority of current pharmaceuticals(1). Alterations in GPCR expression have been associated
with several disease processes. For example,
decreased amounts of two GPCR’s, the cannabinoid CB1 and dopamine D2 receptors in the
basal ganglia are associated with Huntington’s
disease(2).
The cannabinergic and dopaminergic systems
exert diverse functions throughout the central
nervous system. The CB1 receptor was identified
first as the receptor for ∆9-tetrahydrocannabinol(3,4), the major psychoactive component
found in marijuana(5). More recent studies indicate that CB1 receptor signaling helps tune
motor coordination(6) and modulates satiety(7).
The D2 receptor also regulates movement
through complex circuitry in the basal ganglia(8).
Additionally, dopamine signaling has been suggested as a common mediator for reinforcing and
pleasurable stimuli(9).
The neurodegenerative changes associated
with Huntington’s disease are well characterized
and are likely the result of a genetic instability
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causing a poly-glutamine expansion in the Huntington protein(10). The best known of these neurological changes in Huntington’s disease is a
decrease in dopamine receptors in the basal ganglia(11,12). However, the first known anatomical
alteration is actually a decrease in CB1 receptors
in the same area(2,13,14). It is not known if this
change in CB1 receptor density is causative or
coincident with Huntington’s disease progression. Interestingly, in a mouse model of Huntington’s disease, environmental enrichment slows
the progression of the disease(15,16) and slows
the loss of CB1 receptors in the basal ganglia(17).
These findings suggest that CB1 receptor expression is a sensitive marker for Huntington’s disease, which precedes cell death and loss of D2
receptors. We have employed the Odyssey® Imaging System to determine basal expression patterns and co-localization of CB1 and D2 receptors
in normal mouse brain to validate this method to
monitor changes in GPCR levels.

MATERIALS AND METHODS
Slice Preparations:
All protocols with mice were approved by the
Institutional Animal Care and Use Committee
and were conducted in accordance with the
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National Institutes of Health Guide for the Care
and Use of Laboratory Animals. Adult C57Bl/6
mice were anesthetized with pentobarbital and
perfused intracardially with a solution of 4%
paraformaldehye in 100 mM phosphate buffer,
pH 7.4 (PB). The brains were excised and postfixed in the same fixative for 2 hours. The tissue
was permeated with 30% w/v sucrose in PB at
4-8°C for no less than 48 hours. The brains were
cut into 40 µm coronal or sagittal sections on a
vibratome and placed in phosphate buffer until
processed for immunohistochemistry.
Immunohistochemistry:
Mouse brain sections were rinsed in 100 mM Tris
buffered saline, pH 7.4 (TBS) and blocked in TBS
containing 0.1% Triton® X-100 and 5% donkey
serum (DS) for 1 to 2 hours at room temperature.
The tissue sections were incubated with affinity
purified antibodies in TBS containing 0.1% Triton X-100 and 2.5% DS overnight at 4-8°C. The
specific antibodies employed in this study were
anti-CB1-CT raised in goat (1:2500 dilution), and
an anti-D2 antibody generated in rabbit (1:1500
dilution). The D2 antibody was raised against a
fusion protein containing amino acids 216 to 311
of the human D2 long receptor isoform. The
epitope displays approximately 90% identity
with the mouse D2 receptor. Following four
washes of 15 min. each with TBS containing
0.05% Tween® 20 (TBST), the tissue sections
were incubated for 2 hours at room temperature
with Alexa Fluor® 680 conjugated donkey antigoat IgG (H+L) (Molecular Probes, Eugene OR)
at a 1:5000 dilution and IRDye™ 800CW conjugated donkey anti-rabbit IgG (H+L) (Rockland
Immunochemicals, Gilbertsville, PA) at a 1:1500
dilution in TBS containing 0.1% Triton X-100
and 2.5% DS. The tissue sections were washed
four times in TBST over two hours, placed in 100
mM Tris (pH 7.4) and mounted on microscope
slides. Following a brief rinse with water, the sections were allowed to air dry for at least 1 hour.
The fluorescent immunocomplexes were detected
with the LI-COR Odyssey (21 µm resolution, 1
mm offset with highest quality). Channel sensitivity was optimized for each set of stained sections then maintained for that group of samples.
Typical sensitivity settings ranged from 1.5 to
3.0. The relative location of the slice and identifi-
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cation of brain regions were determined by comparison to images in(18). Regions of interest were
defined and integrated intensities were determined with the associated Odyssey software and
data were analyzed with the Prism® (GraphPad
Software, San Diego, CA) program.

RESULTS
Free floating fixed mouse brain sections were
incubated with primary antibody and fluorophore-conjugated secondary antibody then
allowed to dry on glass slides. Unless noted, no
additional tissue processing (i.e. fluorescent
mounting medium) was used. Samples were
imaged immediately after drying. For the stability studies, samples were stored at 4-8°C in the
dark.
Coronal sections
The coronal brain slice analyzed (Figure 1) is at
the caudal extent of the cortical ventricles at
approximately -1.34 mm relative to the bregma.
The pseudo colored image depicts CB1 (red) and
D2 (green) receptor immunoreactivity. The grayscale images are single channel fluorescence
intensity images of CB1 (upper) and D2 (lower)
receptor immunoreactivity. There is distinct CB1

Figure 1. Coronal section of mouse brain immunostained
for CB1 and D2 receptors. Fixed brain sections were
incubated with goat anti-CB1 and rabbit anti-D2 antibodies followed by the secondary antibodies (see Methods).
Right panels are grayscale images of the individual antibodies. The left images is a pseudocolored overlay of the
two staining patterns with CB1 I.R. in red and D2 I.R. colored green. Scale bar = 1 mm.
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receptor staining in the basolateral and basomedial amygdala. Intense staining is also observed
in the medial globus pallidus and to a lesser
extent, in the lateral globus pallidus. The hippocampus displays discrete intense staining for the
CB1 receptor in regions corresponding to the
pyramidal layer and hillus. CB1 receptors are
expressed in discrete cortical lamina. The piriform cortex also exhibits strong CB1 receptor
immunoreactivity.
The D2 receptor is found throughout the striatum and in a segregated portion of the hippocampal formation with marked expression in the
hillus. Additionally, diffuse D2 receptor staining
is observed in the cortex.
Sagittal Sections
Immunoreactivity for CB1 and D2 receptors is
also readily apparent in sagittal sections of
mouse brain (Figure 2). The upper panels depict
a brain slice approximately 1.7 mm lateral of the
midline and the lower panels are of a slice
approximately 2.5 mm from the midline. In addition to expression in the piriform layer, hippocampus and amygdala, CB1 receptors are clearly

Figure 3. Sagittal section of mouse cerebellum and hippocampus immunostained for CB1(red) and D2 (green)
receptors. Scale bar = 1 mm.

evident in the nigral-pallidal pathway with
intense immunoreactivity in the substantia nigra
reticulata, medial and lateral globus pallidus.
Similar high expression of CB1 receptors is
found on the olfactory tubercle. In the cerebellum, there is discrete localization of CB1 receptor
protein in the molecular layer and base of the
Purkinje cell layer (Figure 3).
The caudate/putamen displays notable D2
receptor expression. In addition, the thalamus,
medial and lateral geniculate are positive for D2
receptors. Discrete immunoreactivity for D2
receptors is also observed in the pyramidal layer
and hillus of the hippocampus. In the cerebellum,
the Purkinje and molecular layers are immunoreactive for D2 receptors.
Immunocomplex stability
The mounted tissue sections were stored in the
dark at 4-8°C for six weeks and imaged under the
same parameters used for freshly mounted samples. Four regions of interest in coronal sections
were identified; the medial globus pallidus, basomedial amygdala, basolateral amygdala and a
circular region in the thalamus. The intensity of
CB1 receptor immunoreactivity was determined
in these regions in freshly mounted tissue, and
after six weeks of storage. Prolonged storage
resulted in approximately a 20% decrease in signal intensity for all regions except the thalamus
which has near basal staining intensity (Table 1).

Figure 2. Sagittal sections of mouse brain immunostained for CB1 and D2 receptors. Fixed brain sections
complexed with anti-CB1 and anti-D2 antibodies followed by fluorophore conjugated secondary antibodies.
Right panels are grayscale images of the individual antibodies. The left images is a pseudocolored overlay of the
two staining patterns with CB1 I.R. in red and D2 I.R. colored green. Scale bar = 1 mm.

DISCUSSION
In this study, we have used the LI-COR Odyssey
to concurrently determine CB1 and D2 receptor
expression in mouse brain. Global imaging of the
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Table 1.
Integrated
Intensity
(Initial)
counts mm2

Integrated
Intensity
(6 week)
counts mm2

% decrease

Basomedial
amygdala

187.8

147.2

21.6

Basolateral
amygdala

249.8

206.9

17.2

Medial globus pallidus

155.9

121.2

22.2

Thalamus

29.3

27.4

6.3

Region

entire brain slice permitted rapid and sensitive
identification of receptor expression. It also
allowed for discrimination of the laminar expression pattern of CB1 receptors in the cortex and
both CB1 and D2 receptors in the hippocampus
and cerebellum. This approach required less primary antibody, shorter incubation times and provided an extended window for analysis relative
to standard immunohistochemical staining
approaches used in our laboratory.
The distribution of CB1 receptors and D2
receptors in the rodent brain has been characterized previously(19-24). Identification of the
receptor protein with the LI-COR Odyssey
described here recapitulates the expected distribution.
The CB1 receptor protein is expressed at high
levels in the amygdala and basal ganglia including the globus pallidus. Expression of CB1 receptors in these regions which are known to regulate
mood and motivation are likely responsible for
cannabinoid modulation of affect and perception
(25,26). Although it is not possible to determine
specific cellular localization of the CB1 receptor
protein, the intense laminar staining for CB1
receptor protein in the hippocampus is consistent
with CB1 receptors present on axons surrounding
hippocampal pyramidal neurons(22,23). These
CB1 receptors are believed to be responsible for
cannabinoid inhibition of memory consolidation(27,28).
Detection of D2 receptors with a polyclonal
antibody reveals a widespread distribution
throughout the mouse brain. Piriform cortex and
thalamus express discernible levels of D2 recep-
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tors. A high level of D2 receptors are found in the
hippocampus and especially in the hillus. In
humans, decreases in D2 receptor levels in the
hippocampus are associated with the memory
loss characteristic of Alzheimer’s disease(29).
The caudate putamen together with the Purkinje
and molecular layers of the cerebellum have
marked expression of D2 receptors underlying
the regulation of movement by this receptor(8).
While loss of D2 receptor in the cerebellum
occurs as a function of aging(30,31), receptors in
the basal ganglia are specifically lost in Huntington’s disease(2). Additionally, a factor contributing to Alzheimer’s dementia is the loss of D2
receptors in the striatum(32).
The immunostaining conditions used for
imaging on the Odyssey can be compared to a
similar study using the same goat anti-CB1 antibody. Purification of the antibodies in our laboratory allows for similar lot to lot consistency in
working antibody dilutions. Compared to our
standard fluorescent immunostaining methods
using FITC or Texas Red® conjugated secondary
antibodies(33), a more dilute primary antibody
solution could be used (on the order of 5-8 fold
more dilute). Signal amplification, such as an
avidin-biotin complex, was not required. Impressively, imaging of the tissue sections was performed through the microscope slide on which
the tissue was mounted, but not permeated with
mounting medium. Tissue sections prepared in
this manner could be stored for over a month
with only minor decreases in signal intensity.
Permeating the tissue sections in Gel/Mount™
(Biomedia Corp., Foster City, CA) or Vectashield®
(Vector Laboratories Inc., Burlingame, CA)
increased the overall fluorescent intensity but
did not change the relative signal ratio among
the regions of interest. The additional signal
detection with mounting medium may be useful
for immunostaining of rare proteins, however it
was unnecessary for the parameters described
here.
Fluorescent immunodetection of receptor proteins is a valuable tool for understanding physiology and disease processes. In this study, we
have characterized expression of two GPCR’s, the
CB1 and D2 receptors concurrently in mouse
brain slices. Expression of these receptors is
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known to decrease as a function of Huntington’s
disease progression.
Detection of the immunocomplex with the
LI-COR Odyssey provided a rapid, sensitive platform for imaging of whole mouse brain slices.
Few changes were required to optimize our standard fluorescence immunostaining protocol for
use on the Odyssey. Indeed, the most notable
change in protocol was a decrease in the amount
of antibody required to obtain a sufficient signal.
As noted above, changes in GPCR levels have
been detected in a number of neurological disorders. Alzheimer’s disease, Huntington’s chorea,
schizophrenia, and Parkinson’s disease all have
identified changes in a specific population of
GPCR’s. Undoubtedly, additional correlations
between changes in receptor density and disease
progression will be found. The high throughput
imaging opportunities provided by the LI-COR
Odyssey provides a versatile platform for screening diverse receptor populations allowing for
more rapid identification of the neurochemical
alterations underlying neurological disorders.
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