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CANNABINOID RECEPTOR MESSENGER RNA LEVELS DECREASE IN A SUBSET
OF NEURONS OF THE LATERAL STRIATUM, CORTEX AND HIPPOCAMPUS OF
TRANSGENIC HUNTINGTON'’S DISEASE MICE

E. M. DENOVAN-WRIGHT and H. A. ROBERTSON*
Laboratory of Molecular Neurobiology, Department of Pharmacology, Dalhousie University, Halifax, Nova Scotia, Canada B3H 4H7

Abstract—One of the earliest changes, at the molecular level, that occurs in human Huntington'’s disease patients is reduction in
cannabinoid receptor ligand binding in the substantia nigra pars reticulata compared to neurologically normal controls. The loss of
cannabinoid receptor binding is thought to occur early in or prior to the development of Huntington’s disease neuropathology. We
wish to determine whether cannabinoid receptor messenger RNA levels were altered in a mouse model of Huntington’s disease.
Transgenic mice hemizygous for the promoter sequence and exon 1 of the human Huntington’s disease gene exhibit a progressive
neurological phenotype with many of the features of Huntington’s disease. This neurological phenotype develops in the absence of
neural degeneration making these mice a model system to dissociate changes related to cell dysfunction from changes related to cell
loss. We examine the steady-state levels and cellular distribution of the brain-specific cannabinoid receptor messenger RNA by
northern blot andn situ hybridization. The cannabinoid receptor messenger RNA was expressed throughout the striatum, cortex
and hippocampus of wild-type mice. At four and five weeks of age, there was no difference in the distribution of the cannabinoid
receptor messenger RNA between the wild-type and transgenic Huntington’s disease mice. At six, seven, eight and 10 weeks of age,
however, the Huntington’s disease mice exhibit reduced levels of cannabinoid receptor messenger RNA in the lateral striatum
compared to age-matched controls. The Huntington's disease mice also showed a loss of cannabinoid receptor messenger RNA
within a subset of neurons in the cortex and hippocampus. We did not observe any difference in the expression of cannabinoid
receptor between the wild-type and Huntington’s disease mice throughout Ammon’s horn of the hippocampus or in the medial
striatum. The decrease in cannabinoid receptor messenger RNA levels preceded the development of the Huntington’s disease
phenotype and neuronal degeneration and, therefore, these transgenic mice model early cellular changes observed in human
patients.

Our results demonstrate that the single copy cannabinoid receptor gene is subjected to cell-specific and time-dependent regula-
tion of the steady-state level of its gene product as a result of the expression of the Huntington’s disease gene. As the endogenous
cannabinoid receptor agonist, anandimide, has been shown to modulate dopamine neurotransmission within the basal ganglia, the
loss of cannabinoid receptors may contribute to the development of motor symptoms or cognitive decline or both seen in
Huntington’s disease patient®.2000 IBRO. Published by Elsevier Science Ltd. All rights reserved.
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The inheritance of a single copy of the huntingtin gene (IT- but selective neuronal loss. Specifically, the GABA- and
15) with an expanded CAG repeat within exon | leads to the enkephalin-containing medium spiny projection neurons of
development of Huntington’s disease (H13¥>5*Normally, the caudate—putamen die as a result of ¥iPatients with
huntingtin, the protein product of the IT-15 gene, contains a minimal cell loss, however, still present with motor symp-
polymorphic, polyglutamine stretch of approximately six to toms?55¢ cognitive decline and emotional disturbarttes
35 amino acids near thid terminus?® HD occurs when the  suggesting that neuronal dysfunction, and not simply cell
number of glutamine-encoding codons is greater thaf®35. loss, contribute to the symptoms of HD.
The progression of the disease is affected by the length of Changes in the levels of specific receptors have been iden-
the expanded polyglutamine region as there is a decrease irtified in post mortemhuman HD brains. The dopamine D2
the age of onset and increased rate of progression withmRNA levels in medium spiny neurons decreases in parallel
increased CAG copy numbetsHuntingtin is ubiquitously ~ with the progression of HD patholody® Conversely, the
expressed throughout the brain and body from early in amount of D1 mRNA per surviving neuron increases as HD
development throughout adulthodé*7:5154While the func- pathology progresses. Additionally, alterations in GABA,
tion of either the normal or mutated HD form of huntingtin muscarinic, cholinergi¢ and glutamatergitreceptors have
remains to be definetd,it is evident that the expression of also been reported. Cannabinoid receptor (CB1) ligand bind-
the HD form of huntingtin eventually leads to progressive ing is also decreased jpost mortenHD brains?8-35
Cannabinoids have recently been shown to be neuromodu-
lators of the dopaminergic systéfsupporting the hypothesis
*T?a‘)’(‘{h?rnl_‘;%rzr‘f:gzg%%%ce should be addressed. Fel:902-494-8001;  that cannabinoid receptor ligand binding in the CNS contri-
E-mail addressharl @is.dal.ca (H. A. Robertson). butes to th_e control of movemefit There are two types of _
Abbreviations: AMPA, a-amino-3-hydroxy-5-methyl-d-isoxazole prop- ~ Cannabinoid receptors CB1 and CB2, which are expressed in
ionic acid; CAG, cytosine, adenine, guanine triplet repeat; CB1, canna- the CNS and in the immune system, respectié\CB1
E_ilnobid rece?tor: HID, ?&Jntingt%r;‘stiseatseb: ItT-53 hu?titﬂgtint gene; ktb. receptors are distributed in the basal ganéfliagrebellum,
| N n | ,m m ropi m r I i ’
N&Dis,ei\l-mséth;i?aosp;féte; PLCJ:R p(‘)al)?mgr;speccgatjinare?a(?tioﬁ?egg,7 hippocampus (Ammon’s horn and the dentate gyfus.)' the
optical density; SSC, standard sodium citrate; TG tetrahydrocan- deeper levels of cortex and _the hypothalaﬁﬂﬂkanngblnmd .
nabinol. receptors are seven-domain membrane spanning proteins
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coupled to G proteins! The endogenous agonist for the CTT TCT CCA CAG GAA CAC AGT AAC AAA GAG 3) was
cannabinoid receptor is the lipophilic arachidonic acid, similar in length and melting temperature to the anti-CB1 probe. Ten

- . N P pmol of oligonucleotide probe was radio-labelled at theeBd with
ethanolamide ~ (anandamid®).Binding of ~cannabinoid a-33P]dATP (2000 Ci/mmol; Mandel Scientific) using the reagents

receptor agonists such as the endogenous ligand anandamidgnd protocol provided in the’ 2nd-labelling kit (Amersham Pharmacia
or the exogenous agonigt®-tetrahydrocannabinol (THC) Biotech). In situ hybridization was performed as described
effectively lowers cAMP levels within the cell. Anandamide, previously!* Mouse brain sections were washed twice atC&nd

; : twice for 30 min in 1x standard saline citrate (SSC), four times for
like THC, produces behavioural effects such as catalepsy, 15 min in 1X SSC, four times for 15 min in OS(SSC)and twice for

hypomOb_i”t_y and analgesia. The pharma(_:0|°gica_| a_Ct_ic_mS 30 minin 0.25< SSC (X SSC: 0.15 M NacCl, 15 mM trisodium citrate
of anandimide are the same as THC and include inhibition puffer, pH 7.0). The slides were rinsed briefly in double distille®H
of N-type calcium channels and independent mobilization of Rat brain sections were treated following the same protocol except that

calcium and arachidonic acid, which may lead to prosta- the washes were carried out at’@2 The sections were exposed to
glandin synthesi&® Kodak MR film for one to three weeks at room temperature. Slides

. were subsequently immersed in autoradiographic emulsion (Kodak
A transgenic mouse model of HD has been created by the NTB2), allowed to dry and exposed for four weeks &€ 4prior to

integration of a portion of the human huntingtin gene carrying developing with Kodak D19 developer and fixer. The sections were
an expanded CAG repeat within the first exdrBoth the counter-stained for Nissl substance using Cresyl Violet (ICN Bio-

; ; . i chemicals)¥’ Densitometric analysis dh situ autoradiographs were
MRNA and protein encoded by this transgene are ubiqui performed using Molecular Analyst software (BioRad) to determine

tous_ly expressed in these m'ce' Althc_)th no_ neurc_mal degen'the optical density (OD) of the radio-label in the lateral and medial
eration has been observed in the brains of this strain (R6/2) of striatum and cortex. Measurements were determined on sections
transgenic micé&’ these mice display a progressive neurolo- derived from three individual animals at each time point. Autoradio-
gical phenotype that include the development of tremor and graphic films were scanned using a BioRad GS-690 imaging Densito-
abnormal movement that resemble human choreiform move- Meter- Local background was subtracted from each OD value.
ments, a resting tremor and dyskeni$fd These symptoms
suggest that the function of the basal ganglia is affected by the

expression of the human exon 1 transgene prior to neuronal RNA was isolated from the striatum and cortex of three 10-week-old
cell death wild-type and three 10-week-old HD mice using Trizol (GibcoBRL).
S . The northern blot was prepared by size-fractionatingg5of total
The objective of this study was to compare the levels of ce|yjar RNA on a 1% denaturing formaldehyde agarose gel following
cannabinoid receptor mRNA in wild-type and HD transgenic standard protocol The CB1 antisense oligonucleotide probe whs 3
mice over the period of time that the HD mice develop motor end labelled with §-*P]dATP (3000 Ci/mmol; Amersham) as
symptoms. Because it had been previously determined thatdescribed above. The northern hybridization conditions have been

s . _described previousl§? A 372 bp cloned PCR product consisting of
cannabinoid receptor loss was an early cellular change in nucleotides 43—413 of the mouse cyclophilin cDNA (Genbank Acces-

human HD patient$?* it was of interest to determine at  sion Number X52803) was radio-labelled using®P]dCTP (3000 Ci/
what age the transgenic HD mice have similar cellular mmol; Amersham) and the Ready-to-Go dCTP labelling kit (Amer-
changes. Moreover, the fact that HD mice show no signs of sham Pharmacia Biotech). Following hybridization of the CB1 oligo-

nucleotide probe, the cyclophilin-specific probe was allowed to anneal
neuropathology allowed us to test whether CB1 mRNA loss with the same northern blot to determine the amounts of mMRNA

occurs prior to HD-induced neurodegeneration. present in each lane. Optical densities (OD) of the hybrization signals
were determined using Molecular Analyst (BioRad). The OD of the

cyclophilin-specific and CB1-specific hybridization was determined

for each of three samples derived from individual animals. The local
Animals film background was subtracted from each OD value.

Northern blot

EXPERIMENTAL PROCEDURES

Animal care was given according to protocols approved by Dalhousie - .
University and the Canadian Council of Animal Care. Every effortwas Statistical analysis
made to ensure the humane and ethical treatment of the animals, and The OD values for three samples per group forithsitu and north-
to reduce animal usage. Adult Sprague—Dawley rats (250-300 g; ern blot analysis were corrected for local background and subjected to
Charles River Laboratories, St. Constant, Quebec, Canada) and wild-Student'st-test analysis (one-tailed) with the assumption that the
type (B6CBAF1) and HD transgenic [B6CBA-TgN(Hdexon1)62Gpb]  variances were equal. AR-test using an alpha level of 0.005 was
mice (Jackson Laboratories, Bar Harbor, Maine, U.S.A.) were used in performed on the same data sets and indicated that in all cases the
this study. The genotype of the mice was determined by polymerase equal variance assumption was valid.
chain reaction (PCR) amplification of a 100 bp region of the integrated
human HD exon 1 transgene using primers corresponding to nucleo-
tides (nts) 3340-3459 {(AGGGCTGTCAATCATGCTGG-3 and RESULTS
nts 3836-3855 (SAAACTCACGGTCGGTGCAGC-9 of clone o — .
E4.1 of the human HD gene (Accession number L34020). The PCR Loqallzatlon of cannabinoid receptor mMRNA in mouse and rat
conditions used are described in Mangiaghal 2’ DNA was extracted brain
from a tail clip and an ear punch from each mouse used in this study. . . . -
Both samples were subjected to PCR genotype analysisinFsitu Oligonucleotides were radio-labelled and used as hybridi-
hybridization analysis, the animals were anaesthetized with0 mg/ zation probes foin situand northern blot hybridization analy-
kg sodium pentobarbital, decapitated, the brains removed and stored akis of the distribution of CB1 mRNA in rats and in wild-type
—70°C prior to sectioning. For RNA isolation, animals were anaesthe- B6CBAF1) and transgenic HD (B6CBA-Tg(Hdexon1)62Gpb)
tized, decapitated and the striatum and cortex were excised and store : : . :
in liquid nitrpogen prior to RNA extraction. ouse brains. The_ antisense oligonucleotide was compl_e-

mentary to nucleotides 74-110 of the mouse brain-specific

cannabinoid receptor, CB1. Hybridization reactions using a
T ) _ _ control probe were run in parallel to determine the level of
Synthetic oligonucleotide probes were obtained from Sigma non-specific probe binding. We initially used these oligo-

Genosys. The CB1 antisense oligonucleotidé AFG TCT CCT ; : :
TTG ATA TCT TCG TAC TGA ATG TCA TTT G 3) was comple- nucleotide probes to detect CB1 mRNA in the rat brain as

mentary to nucleotides 74—110 of the mouse CB1 cDNA (Genbank the distribution of the CB1 mRNA inrats has been previously
Accession Number U40709). The control oligonucleotidé GAG describec?® The antisense CB1 oligonucleotide had 94.6%

In situ hybridization analysis



CB1 mRNA levels decrease in transgenic HD mice 707

A B throughout the cerebral cortex (Fig. 1A). Parallel situ

hybridization reactions using the control oligonucleotide led
to a uniform background signal within the tissue (Fig. 1A).
We did not observe any differences in the distribution of the
CB1 mRNA-specific signal among the individual animals.
These hybridization results using a CB1-specific oligonucleo-
tide probe are similar to those previously publisiédhe
CB1 probe, therefore, produced the expected pattern of
hybridization in the rat brain and was considered an appro-
priate probe to detect CB1 in the mouse brain. We anticipated
that the pattern of CB1 hybridization would be similar in
mouse and rat brains owing to the close phylogenetic relation-
ship between these species and because the striatum appears
to be structurally and functionally organized in the same way
in these rodents. The CB1 antisense oligonucleotide radio-
labelled the same regions in mouse brains (Fig. 1B) as in
rat brains (Fig. 1A). The control oligonucleotide did bind
non-specifically to the mouse cerebellum, however, this
pattern of non-specific probe binding in the cerebellum has
been observed with several unrelated probes (data not shown).
As such, we did not compare the hybridization of the CB1-
specific probe in the cerebellum of wild-type and HD trans-
genic mice in subsequent experiments.

)
: ; Northern blot analysis of RNA isolated from the striatum and
h cortex of 10-week-old wild-type and Huntington’s disease
mice
'M“: Northern blot hybridization analysis was done to ensure
& that the CB1 oligonucleotide probe was annealing specifically

to the CB1 mRNA. RNA was extracted from the striatum and
cortex of three 10-week-old wild-type and three 10-week-old
HD mice. The RNA was size-fractionated by gel electro-
phoresis on a denaturing agarose gel, transferred to nylon
membrane and allowed to hybridize with the radio-labelled
CB1 oligonucleotide probe. The oligonucleotide annealed
Fig. 1.In situ hybridization analysis showing the localization of the CB1 exclusively to a 6.0 kb mRNA in total RNA isolated from
transcript in representative coronal sections of rat brain (A) throughout the the striatum and cortex of each wild-type and HD mouse

rostral—caudal axis of the striatum and in mouse brain (B). The top four rat /: ; FRE ;
brain sections (A) were allowed to anneal with the CB1-specific oligonu- (Fig. 2). The size of the mRNA that hybridized with the

cleotide probe and exposed for seven days. The bottom rat brain section wad?fOb€ corresponded to that reported for CB1 mRRAo

allowed to anneal with the control oligonucleotide probe and over-exposed €nsure that equivalent amounts of RNA were loaded on
for three weeks in order to visualize the outline of various brain regions. each lane of the northern blot, CB1-specific radio-label was
The top two and bottom two 10-week-old wild-type mouse brain sections ramoved and the blot was allowed to anneal to a fragment of

(B) were allowed to anneal with CB1 antisense or control oligonucleotides, o . e o
respectively. All sections, allowed to anneal with the CB1 antisense or the mouse CyC|Oph'”'n cDNA. The uniform hyb”d'zat'on of

control oligonucleotides, were subjected to the same hybridization and the cyclc_)phillin probe to the 1.3kb cyclo_philin MRNA
post-hybridization washing conditions as described in the methods. ~ present in each lane of the northern blot is shown at the

bottom of Fig. 2.

sequence similarity to the comparable regions of the rat CB1  The northern hybridization analysis demonstrated that the
cDNA sequence (Genbank Accession Number U40395). Therelative intensity of CB1 hybridization signal and, therefore,
mouse and rat cDNA sequences differed at nucleotides 75the relative steady-state level of CB1 mRNA was decreased in
(G—A) and 90 (T-C). the 10-week-old HD mouse striatal RNA compared to that of

Rat brain sections were subjecteditositu hybridization the wild-type mice. CB1 mRNA, however, was still detected
analysis using both the CB1 antisense and control oligo- in the striatal RNA of the 10-week-old HD mice. In contrast,
nucleotide probes (Fig. 1A). CB1-specific hybridization was CB1 mRNA levels did not differ among the wild-type and HD
observed in the striatum, medial septum, descending arm ofcortical RNA samples. We performed densitometric analysis
the band of Broca, the amygdaloid nucleus, Ammon'’s horn of on the autoradiograms of the northern blot allowed to anneal
the hippocampus and cortex (Fig. 1A). CB1-specific hybridi- to both the cyclophilin and CB1-specific probes in order to
zation was pronounced in the lateral striatum. In sections quantify the apparent decrease in hybridization signal
derived from rostral brain regions, the hybridization signal between the striatal RNA of 10-week-old wild-type and HD
was intense in the dorsal lateral striatum. The CB1-specific mice. The OD values for each of three samples derived from
hybridization signal, however, was concentrated in the ventral wild-type and HD striatum and cortex were corrected for local
lateral striatum in sections derived from caudal brain regions. background radioactivity and subjected to a one-taitebt.
In addition, dispersed punctate labelling was observed There was no significant difference between the OD of the
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Fig. 2. Northern blot analysis of RNA extracted from the striatum and cortex of 10-week-old wild-type and transgenic Huntington’s disease raimdersie n

above the lanes indicate individual animals. Number 1-3 and 4—6 are wild-type and HD, respectively. The RNA derived from the striatum and cortex is
indicated. The numbers on the left of the panel indicate the size of the RNA ladder (Gibco, BRL). The bottom panel (indicated by the letter C) shows the

hybridization of a cyclophilin probe to the same blot allowed to anneal with the CB1 antisense oligonucleotide demonstrating that comparatd RiMAunt
were loaded on to each lane of the gel.

bands resulting from the annealing of the cyclophilin probe

was expressed in wild-type mouse striatal, cortical and hippo-

(P=0.204). There was also no significant difference between campal regions of the brain in the same distribution as that

the OD of the CB1-specific labelling of the cortical RNA from
the 10-week-old wild-type and 10-week-old HD mice

observed in rat brain sections (Fig. 3). The intensity of the
hybridization signal in the lateral striatum of the 10-week-old

(P=0.164). In contrast, there was a difference between the wild-type mice, however, was greater than that observed in

CB1-specific hybridization signal between the RNA samples
derived from the striatum of wild-type and HD 10-week-old
mice (P=0.002). The mean CB1-specific OD (minus film
background) of the 10-week-old wild-type striatal RNA was
46.6+=5.7. The mean CB1-specific OD of the 10-week-old
HD striatal RNA was 24.2= 3.2. This difference represents a
decrease of approximately 50% of the hybridization signal in
the HD mice compared to wild-type mice. There was, there-
fore, a reduction in the steady-state levels of CB1 mRNA
specifically in the striatum of 10-week-old HD mice
compared to wild-type mice.

In situ hybridization analysis of the distribution of cannabi-
noid receptor mMRNA throughout the brains of wild-type and
Huntington’s disease mice over the time

In situ hybridization analysis using the antisense CB1

the lateral striatum of the 10-week-old HD mice (Fig. 3). By
10 weeks of age, each of the HD mice used in this study had
motor symptoms including a resting tremor and dyskenisia as
previously described” As the HD-like motor symptoms
progressively developed from seven through 10 weeks of
age in these transgenic mice, we wished to determine whether
the CB1 transcript was ever expressed in the lateral striatum
of the HD mice or whether the steady-state levels of the
transcript diminished in the striatum in a course that paral-
leled the development of the motor symptoms. Wild-type
and HD mice were sacrificed at four, five, six, seven, eight
and 10 weeks of age and their brains were prepareith f&itu
hybridization analysis using the probe complementary to the
coding-strand of CB1 (Fig. 3). None of the four-, five-, six- or
seven-week-old HD mice had overt motor symptomssitu
hybridization analysis of sections taken throughout the rostral-
caudal axis of the striatum showed that CB1 mRNA was

oligonucleotide as a probe demonstrated that CB1 mRNA expressed in the lateral striatum of four- and five-week-old
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Fig. 3.In situ hybridization analysis showing the localization of the CB1 transcript in wild-type and transgenic Huntington’s disease mouse brain sections. The

numbers above the wild-type (WT) and transgenic HD mouse brain sections indicate the age in weeks of the animals. In sections derived from feur- and five

week-old mice, the CB1 mRNA-specific signal has the same distribution in wild-type and HD mice. In seven-, eight- and 10-week-old HD mice, the CB1-
specific signal is greatly reduced in the lateral striatum, but not in other brain regions, compared to the age-matched controls.

wild-type and HD mice. The relative hybridization of the situ and northern blot hybridization analysis demonstrated
probe did not change in four-, five-, six-, seven-, eight- and that some, but not all, CB1-expressing cells in the striatum
10-week-old wild-type mice. The intensity of the hybridiza- of HD mice have an age-dependent decrease in CB1 mRNA
tion signal was slightly decreased in the lateral striatum of levels.
six-week-old HD mice relative to the age-matched wild-type ~ We did not detect differences between the wild-type and
mice. There was no difference in the relative CB1-specific HD mice in the distribution or intensity of the CB1-specific
hybridization signal in the lateral striatum among the seven-, signal hybridization that was observed uniformly throughout
eight- and 10-week-old HD mice. The signal, however, the layers of the cortex, medial septum orin Ammon’s horn of
appeared to be reduced compared to that observed in agethe hippocampus. However, in addition to the uniform CB1-
matched wild-type and to four- and five-week-old HD labelling throughout the cortex and hippocampus, dispersed
mouse brain sections. We determined the OD of CB1-specific but intense label was seen throughout the cortex and hippo-
hybridization in the lateral and medial striatum and cortex of campus of wild-type mouse (Figs 3 and 4) and rat (Figs 1 and
four- and 10-week-old wild-type and HD mice. We found no 5) brain sections. These infrequent, dispersed, but intense
significant difference between the mean CB1-specific OD in patches of CB1-specific hybridization were not observed in
the cortex of four- P=0.207) and 10-F=0.311) week-old the seven-, eight- and 10-week-old HD mouse brain sections
wild-type or HD mice. Similarly, we found no difference (Figs 3 and 5).
between the medial striatum of the foul=0.249) and Following in situ hybridization, the wild-type and HD
10- P=0.472) week-old wild-type and HD mice. There mouse brain sections were directly exposed to autoradio-
was no difference between the mean CB1-specific OD in graphic emulsion and, after development, viewed under
the lateral striatum of wild-type and HD mic® & 0.226). dark-field microscopy. It appeared that the silver grains
In contrast, there was a significant difference between the were uniformly distributed throughout the striatum, cortex
mean CB1-specific OD in the lateral striatum of 10-week- and hippocampus in both the wild-type and HD mice. The
old wild-type and HD mice P=0.015). Together, thén density of silver grains in the lateral striatum relative to the
cortex was in agreement with the autoradiograms oifrtiséu
hybridization (data not shown). The intensity of the CB1-
specific signal and not the number of cells expressing CB1
were greater in the lateral than in the medial striatum in wild-
type and four- and five-week-old HD mice. In the seven-,
eight- and 10-week-old HD mouse brain sections, there was
uniform label throughout the striatum. At the cellular level, it
appeared that the CB1 mRNA-specific signal was localized to
medium-sized neurons in the striatum, a distribution that has
been described in raf8In addition to the CB1-specific signal
dispersed throughout the striatum and cortex, dense clusters
of silver grains were observed infrequently throughout the
cortex and hippocampus but not the striatum (Fig. 5). The
emulsion autoradiography revealed that the distinct punctate
labelling was associated with isolated cortical and hippocam-
pal neurons in wild-type and four- and five-week-old but not
seven-, eight- or 10-week-old HD mice (Fig. 5). Again, as
previously described in raté?isolated heavily labelled cells
Fig. 4. CB1 mRNA is expressed by isolated neurons in the cortex of wild- Were observed in the pyramidal cell layers, the molecular
type and four- and five-week-old, but not seven- to 10-week-old transgenic layer and in the hilar region of the dentate gyrus in wild-
Huntington’_s disease mice. Emu!sion autoradiog_raphy of cortex from a 10- type and four- and five-week-old HD mice. The granule
week-old wild-type mouse showing heavy labelling of an isolated neuron. cq)15 gig not appear to be specifically labelled by the antisense
The section was counter-stained with Cresyl Violet (top left insert) demon- . N e .

CBL1 probe. In agreement with tlm situ hybridization analy-

strating that the CB1-specific signal was concentrated over the neuronal cell ™ ! - Hledd .
body. Scale bae 75 um. sis, we did not observe heavy labelling of individual cells in
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Fig. 5. Hybridization of the CB1 oligonucleotide in the hippocampus. A and B are inverted, composite pictures of hippocampi derived from 10wileek-old

type (A) and HD (B) transgenic mice following hybridization of the CB1 probe and emulsion autoradiography. Sections derived from rat (C) andlD-week-

wild-type (D) and HD (E) mice allowed to anneal with the CB1 probe and exposed to autoradiography film are shown below. The punctate labelling throughou

the cortex and molecular layer of the rat and wild-type mouse brain sections were not observed in the 10-week-old HD mouse brain sections. €B1 labellin
throughout CA1, CA2 and CA3 were observed in all brain sections examined. Scatebap.m (B; also applies to A).

the cortex and hippocampus of seven- to 10-week-old trans-mice. Therefore, there is a decrease in CB1 mRNA that occurs

genic HD mice by emulsion autoradiography. before the onset of the motor-related HD-like symptoms in
these micé& and precedes neural degeneration. These results
are in agreement with Glass al.*® who demonstrated a loss

DISCUSSION of cannabinoid receptor ligand binding in the substantia nigra
pars reticulata of a human HD patient with gradé? &nd,
In situ and northern hybridization analysis demonstrated therefore, minimal neuropathology.

that the steady-state levels of CB1 mRNA decrease in a speci- The steady-state levels of CB1 mRNA did not continually

fic sub-population of neurons in the lateral striatum, hippo- decline in the HD mice overtime. It appeared that the level of

campus and cortex in transgenic HD compared to wild-type CB1 mRNA observed in the wild-type and four- and five-

mice. CB1 mRNA levels did not differ between four- and week-old mice decreased from five to seven weeks and then

five-week-old wild-type and HD mice but, by seven weeks remained constant over the next three weeks in the lateral

of age, the relative CB1 mRNA levels decreased in specific striatum. In the seven-, eight- and 10-week-old HD mouse

brain regions in the HD compared to age-matched wild-type brain sections, there was uniform label throughout the
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striatum. At the cellular level, the CB1 mRNA-specific signal cell-specific components of the complexes involved in
was localized to medium-sized neurons throughout the stria- mRNA turnover?® Clearly, the promoter of the single copy
tum in both the wild-type and seven- to 10-week-old HD CB1 gene cannot be directly interacting with the HD form of
mice, a distribution that has been described in fatk. huntingtin because the levels of CB1 mRNA were unchanged
appeared that the intensity of the CB1l-specific signal in the majority of brain regions examined. Moreover, as CB1
decreased in neurons of the lateral striatum in the HD mice is encoded by an intron-less gene as a single ékdhe
to the levels observed in the medial striatum of wild-type and differences in the steady-state levels of CB1 mRNA observed
HD mice. Moreover, although we could not detect the intense in HD mice are not the result of alternate splicing of hetero-
radio-label associated with isolated neurons of the cortex andnuclear RNA. The effect of the expression of the HD trans-
hippocampus in seven-, eight- or 10-week-old HD mice, it is gene must be to alter the function of a cell-specific factor(s)
was not possible to determine whether these neurons noinvolved either in transcription of specific genes or the mRNA
longer expressed CBL1 or if the level of CB1 mRNA in stability of particular transcripts.
these cells decreased to levels indistinguishable from those Within the striatum, the cannabinoid receptors are located
of the surrounding neurons. Taken together, these observa-on the presynaptic terminals of GABAergic, medium spiny
tions suggest that some time after five weeks of age, a changeorojection neurong® The GABA/enkephalin positive neurons
occurs in the HD mice that leads to the reduction, but not that project to the lateral globus pallidus are lost early in the
complete loss, of CB1 mRNA in specific neurons and that progression of HZ® Subsequently, the GABA/substance P
the levels then remain constant at a new, reduced level inpositive efferent neurons that terminate in the internal pallidal
these neurons. However, CB1 mRNA levels do not change region and the substantia nigra are also ¥sthe nigro-
in other regions of the brain such as in the majority of cells of striatal pathway, an important component of extrapyrimidal
the cortex, the medial striatum and in Ammon’s horn of the function, harbours dendrites that contain GABA receptors and
hippocampus. extend deep in the substantia nigra to receive contact from
The decrease in CB1 mRNA levels in specific populations these cannabinoid receptor-containing striatonigral effer-
of neurons in HD mice contrast with the changes observed in ents®383%4! The loss of cannabinoid receptor binding
aged rats. Berrendest al.® and Romeret al.*’ described the progresses in brain with advanced neuropathofSg¥he
age-dependent decrease in CB1 mRNA levels in medial andimbalance in the distribution of cannabinoid receptors in the
lateral striatum, all areas of Ammon’s horn, the dentate gyrus lateral and interior regions of the globus pallidus, through
and brainstem of aged compared to young rats. The isolated,cell death or through decreases in the number of functional
heavily labelled neurons that we, and others, have observedreceptors before cell death, may account for some of the
throughout the hippocampus and cortex of rodents are still hyperkinetic aspects of the disease.
present in aged rafsin the transgenic HD mice, the expres- The endocannabinoid anandimide is a neurotrans-
sion of the CB1 gene decreased in the lateral striatum but did mitter.17-1°*-2225Anandimide release is triggered by depolari-
not change in the medial striatum. Also, we did not observe zation and by activation of D2 receptors. Pharmacological
any difference in the hybridization of the CB1-specific probe blockade of cannabinoid receptors in the striatum potentiates
to regions of Ammon’s horn yet saw the disappearance of D2-receptor induced hyperactivity. These experiments have
label associated with large isolated neurons distributed led to speculation that negative feedforward or feedback inhi-
throughout the pyramidal and molecular layers and hilar bition by anandimide may block the inhibition of adenylate
region of the hippocampus. Therefore, the regional alterations cyclase by D2 receptor activatidh?2481t follows then that
in CB1 mRNA levels are not the same in aged rats as thosestimulation of CB1 receptors may reduce hyperkinetic move-
observed in transgenic HD mice. These data argue against thenents seen in HE® Others have found that application of
possibility that the transgenic HD mouse brain has undergonecannabinoids to the substantia nigra is accompanied by a
an increased rate of ageing compared to controls. Moreover,small decrease in their dopaminergic acti¢ityand have
the mechanisms that perturb the expression of CB1 over timespeculated that cannabinoids potentiate release of GABA,
in rodents are unlikely to be identical to those of which through GABA-reuptake inhibition, from the striatonigral
perturb the expression of CB1 in HD mice. terminals which inhibits normal dopamine release from
We have not determined whether the decrease in thethese nigrostriatal efferents. For example, muscimol, a
steady-state level of the CB1 mRNA specifically in the lateral GABA agonist, normally causes catalepsy when injected
striatum or in the dispersed cortical and hippocampal cells is ainto the globus pallidus of rats but administration of THC
result of a reduction in the rate of transcription or a decrease by itself does not. However, administration of THC signifi-
in the half-life of the CB1 mRNA in these specific cells. If the cantly increased the effect of muscimol-induced catalepsy
decrease in the steady-state levels of CB1 mRNA is due to asuggesting that the production of catalepsy by THC may
change in the rate of transcription, it will be of interest to depend on its interaction and potentiation of this GABAergic
determine whether the HD form of huntingtin is either system®
directly or indirectly interacting with cell-specific transcrip- Self (see Ref. 46) suggested that the cannabinoids may be
tion factors. It has been postulated, based on protein model-useful to control some of the motor deficits associated with
ling and yeast screening analysis, that mutant huntingtin may increased dopamine neurotransmission in HD patients.
bind to other proteins through polar zippés:32-3*More- Agonist binding to cannabinoid receptors lowers cAMP
over, the factor interaction domain of transcription factors concentrations opposing the effect of dopamine binding to
are frequently glutamine-rich leading to the possibility that D1 receptors*®while cannabinoid receptor blockade potenti-
the mutant form of huntingtin may directly alter transcription ates D2 induced hyperactiviff. Cannabinoids have been
or interact with transcriptional factors preventing normal used to treattremors in multiple sclero¥he R6/2 transgenic
transcription*® However, it is also possible that huntingtin  HD mouse?” which shows movement abnormalities by eight
with expanded polyglutamine repeats exerts an effect on weeks of age, provides a model system to determine whether



712 E. M. Denovan-Wright and H. A. Robertson

or not cannabinoid agonists or antagonists may be of thera-the time-course of the changes in mRNA levels is the same for

peutic value for the treatment of HD. all genes affected by the HD protein. It seems likely that the
In addition to CB1 receptor mRNA decreases documented mutant HD protein independently affects proteins that control

in this report, the levels of several receptors, as measured bythe levels of specific RNAs.

ligand binding or by detection of specific MRNAs, are altered

within the brains of transgenic HD micé.Compared to CONCLUSIONS

controls, the transgenic mice show decreased NMD¥- (
methylp-aspartate), AMPA-, kainate-, muscarinic acetyl  Our results show that CB1 mRNA levels decrease over

choline-, D1- and D2-specific ligand binding in the striatum. time in the lateral striatum and in isolated neurons of the
In contrast, there was no significant difference in striatal COrt€x and hippocampus of transgenic HD mice. The decrease

ligand binding for GABA, GABAg, group | metabotropic N CB1 mRNA levels precedes the (_jevelopment of the HD
or dopamine uptake receptors in HD transgenic mice phenotype and neuronal degeneration and, therefore, these

compared to controls. The steady-state level of mGluR1, D1 transgenic HD mice model early cellular changes observed
and D2 but not mGIuUR2, mGIuR3, mGIuRS5, or NMDA-R1 N human HI_D_ patients. The single copy CBl_gene is subjected
mRNA, decreased in the striatum of HD transgenic mice © cell-specific and time-dependent regulation of the steady-

compared to wild-type controls. The mRNA levels of state level of its gene product as a result of the expression of
mGIuR5 and NMDA-R1 did not change in the cortex of the HD gene. The alterations seen in the CB1 mRNA levels in

the HD mice over time. It seems likely, therefore, that cell- the lateral striatum and in isolated neurons of the cortex and

specific factors affect the steady-state levels of specific NiPPocampus may contribute to the hyperkinetic phenotype
mRNAs and functional receptors in HD mice. It remains to OPServed in HD mice and patients. Moreover, loss of CB1

be determined whether these changes in gene expression ar@RNA in cells that do not undergo cell death, such as those in
due to the direct or indirect affect of mutant huntingtin. It is the hippocampus, may be involved in cognition and memory

unlikely that each of the genes whose expression is altered indecline also seen during the progression of HD. Thus, thera-
HD share a common transcriptional control element that peutic strategies that focus on the retention of these cannabi-

interacts directly with the mutant form of huntingtin because Noid receptors or the augmentation of the function of the
we have demonstrated that the single copy CB1 gene is differ-'€maining CB1 receptors throughput the brain may alleviate
entially affected in specific cells over time in HD mice. More- SOmMe of the symptoms observed in HD.

over, there does not appear to be a simple relationship

between the decrease in the steady-state levels of the tran-
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