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1. INTRODUCTION

Investigation of receptors in central nervous swysie extremely important for brain
research and clinical medicine. Neuroreceptors losanexamined within vivo (positron
emission tomography — PET, single-photon emiss@mnputed tomography — SPECT) and

vitro (autoradiographyin situ hybridization, immunohistochemistry) techniques.

In our study we applied traditional receptor audtwgraphy and functional
autoradiography. These techniques are based afethetion of radioactively labelled ligands
binded to target molecules with films or photogiaptmulsion. The receptor or radioligand
autoradiography reveals the localization of radiwaty labelled ligands in the studied tissue,
while functional or °S]GTP/S binding autoradiography is used for detectionaofive
receptors coupled to G-protein. We investigatedaddpe B/D3; and cannabinoid type-1
receptor (CBR) density, as well as dopamine/Ds; receptor — G-protein signal transduction
on postmortem parkinsonian brain samples. Furthesn@BR density in prefrontal cortex of

Alzheimer’s disease (AD) patients with differenaBk stages was also studied.

Alteration of dopaminergic neurotransmission playscial role in pathogenesis of
Parkinson’s disease (PD). However, to date it it alarified whether alterations of PD
dopamine receptor density associates intracellsigmal transduction changes or whether
functional compensation appears together with tecepumber reduction. It was reported
that among striatal structures the caudate nuctausygh its strong connections with frontal
cortex, participates in cognitive, executive fuans. At the same time caudate nucleus shows
coactivation with cingulate regions as well. Thexdack of knowledge about dopaminergic
signal transduction activity in the previously mened brain regions. Exploring the details of
the pathophysiological process could help us ttebeinderstand the effects and side-effects

of chronic levodopa treatment upon cognitive fuorasi in patients with Parkinson’s disease.
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In the central nervous system the main functiothefendocannabinoid (EC) system is
the retrograde neuromodulation through presynapigRs. The most studied form is the
endocannabinoid-mediated long-term depression (eUB). In indirect striatal pathway
cooperation of CBand D receptors is necessary to induce eCB-LTD. Thisnphenon
could have key role in extrapyramidal movement oizgtion, as well as in pathophysiology
of PD. Similar mechanisms had also been descridkei prefrontal cortex. However, to date
common alterations of dopamine and cannabinoicesyst human PD are not yet clarified.
To reveal these processes the first step shoulgdballel investigation of P dopamine
receptor and CHR densities, namely clarifying the question whetimeiPD D, dopamine

receptor downregulation associates withhRBlensity changes.

The EC system regulates glutamatergic, GABAeagid, likely cholinergic signal
transductions in hippocampus and prefrontal cotttieaugh presynaptic GR. In this way it
plays a crucial role in the modulation of synapgilasticity and cognitive processes. In AD
alteration of synaptic plasticity precedes the apgece offi-amyloid deposits, and it is
augmented with progression of neuropathologicahgha. Thus, it can be supposed that EC
system reacts to alteration of synaptic plasticigs well as to progression of
neurodegeneration, which could manifest in;RRlensity changes. Detecting such receptor
density alterations in the early stages of AD costidw us direction for future studies in
methodological classification of neuropathologigattact regions of AD brains, and could
reveal unknown details of pathophysiology of AD.rthermore, presence of early ¢B
density alterations could provide help in diagnasfisAD through novel, receptor specific

radioligands and sophisticated imagistic techniques



2. AIMS

The fact, that lack of striatal dopamine resuttglopamine receptor upregulation and
altered dopaminergic signal transduction had bearnfirmmed in PD patients and animal
models of the disease. It is well known that dopeargic treatment results in remarkable
clinical improvement in the early stages of theedse. This type of medication remains
effective during the whole progression of PD, hogresevere side-effects could appear as
well. In the present study we examined dopamingDD receptor density and signal
transduction on brain samples originated from PDQiepts who received chronic
dopaminergic substitution therapy. To the best of knowledge, the agonist stimulated
dopamine YD3 receptor—G-protein signal transduction has newanhnvestigated in late
stages of human Parkinson’s diseasfe. related the dopamine /D3 receptor density to
receptor—G-protein signal transduction activity in case of long-term treated PD. Our
aim was to support the hypothesis, that dopaminergidepletion could be compensated

functionally by increased intracellular signal transduction activity.

The interaction between dopaminergic and cannabmystem has been confirmed by
numerous studies using animal models of PD and so@aminations on human postmortem
parkinsonian brain samples. However, to date doparB}/Ds; receptor and CHR densities
have never been studied parallel on postmorterm specimens of long-term L-DOPA
treated PD patients. Based on the well known foneli interaction between these two
receptor types as well as on the existence ofRCBnd D receptor coexpression on
glutamatergic and GABAergic neurom& wished to reveal whether in PD the dopamine

D.,/D3 receptor downregulation associates with CHER density alteration.

It is accepted that in AD glutamatergic synaptiaspcity becomes affected in the

earliest stages of disease, which precedes theagppe of neuropathological changes. The
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next part of our study was based on the fact tH&RCcontributes to modulation of this
altered glutamatergic synaptic plasticity. To irgete this a brain region was needed which
presents no neuropathological changes, only alteyedptic plasticity in early (I-11) Braak
stages, but becomes affected by neurofibrillargles and amyloid plaques in Braak stage
l1I-1V, and where a serious degeneration in la{®st/1) Braak stages is observed. For these
reasons prefrontal cortex was choséfe wanted to answer the questions whether GBR
density alteration associates with synaptic plastity affection in the early stages of AD;
whether there are specific CBR density changes in different neuropathological siges of

disease.

3. MATERIAL AND METHODS

3.1. Brain tissues

Experiments were carried out on frozen brain samplée study material included
caudate nucleus, cingulate and middle frontal ggpecimens of six patients with clinically
and neuropathologically justified PD and six cohtpatients. Dopamine fDj3; receptor
density and stimulated receptor—G-protein coupligge investigated on these specimens. In
addition CBR was studied on three control and three parkimsoniiddle frontal gyrus and
caudate nucleus samples. Five of the six PD patiare under dopamine replacement
therapy with L-DOPA for 7.25%£2.21 years (mean + SENh one case there was no
information about antiparkinsonian treatment. PBesashowed advanced Lewy body disease
pathology with severe neocortical involvement, ¢stest with Braak alpha-synuclein stage V

or VI.



In our further studies CIR density was examined on eleven prefrontal cortex
specimens (Brodmann area 10) from patients withrélated neurofibrillary degeneration
and six control patients. Three samples of AD Bratdge I-Il (early stages, no clinical
symptoms — intact prefrontal cortex), four sampésli—IV (mild cognitive impairment —
starting prefrontal affection) and four samples sthge V-VI (final stages, dementia —

severely affected prefrontal cortex) were studied.

Control patients had no documented history of negiocal or psychiatric disorders

and showed no signs of neurodegeneration at netlnapgical examinations.
3.2. Dopamine B/D3 receptor autoradiography

D./D3; receptor density was investigated with traditionateptor autoradiography
using FH]raclopride as radioligand. Readings were made ainFuijiflm BAS-500
phosphorimager (Fujifilm, Tokyo), using tritium saive phosphorimager plates (Fujifilm
Plate BAS-TR2025). Quantitative densitometry wasfgsmed using Multi Gauge 3.2
phosphorimager softwarllonspecific binding was determined in the preserice uM cold
raclopride. Autoradiographic®fijmicroscales (RPA510, Batch 18, Amersham) — placed
alongside the brain tissue sections — were usgddatify the data and render the quantitative
values in pmol/gram tissue. Optical densities messon scale units were matched to known
radioactive concentrations (nCi/mg), which werenatansformed to®H] pmol/gram tissue
concentrations. Graph and formula of quantificatieas created converting optical densities
to pmol/gram tissueMeasurements were made in duplicates and averdgesvaf total and
blocked (non-specific) binding of the same specinevere calculated. The difference
between mean total and blocked (non-specific) bigpdepresented the specific binding of the
radioligand on a specimen. Finally, for both cohtiod disease specimens mean specific

binding values of the same brain regions were tatled and used for final evaluation.
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3.3. Dopamine receptor stimulated¥S]GTPyS binding autoradiography

Dopamine stimulated*JSJGTPS binding (functional) autoradiography has been
applied to reveal dopamineD3; receptor—G-protein couplinhe sections were exposed to
B-radiation sensitive film (Kodak BiomaxMR) for 4 yfa The autoradiograms were digitized
using a high resolution scanner (Epson PerfectiadOvPro) and Adobe Photoshop CS2 was
used for measurements and image processing. TdifyupfiS]JGTP/S binding the optical
density values of fC]-microscale units were suited to known radioagti(nCi/mg).
Considering the specific activity of>BJGTRS, nCi/mg values of '{C] isotope were
transformed into¥S] pmol/gram tissue. Using the resulted scale $Linif°S] pmol/g tissue)
and the respective optical densities we formed rdrag, to transform measured optical
densities into pmol/gram tissue. Measurements werde in duplicates, and the average of
the duplicates was used in calculatoins. For botitrol and disease specimens mean values

of the same brain regions were calculated and izsdthal evaluation.
3.4. CBR autoradiography

CB;R autoradiography has been performed using the In@®R specific
[**]SD7015 radioligand. The sections were expose@-tadiation sensitive film (Kodak
Biomax MS) for 24 hours. The autoradiograms werecgssed as described earlier. For
quantification f*C]-calibration scales were used and radioactivityoentrations of the“{C]
plastic standards — supplied by the manufacturevere transformed in tissue equivalent
concentrations of'f2] expressed as disintegrations per minute per’ g®M/mnt). Non-
specific binding was determined in the presenc&OfiM rimonabant. Measurements were
made in duplicates at PD caudate nucleus and midaiéal gyrus, and in quadruplicates in

control and AD prefrontal cortex samples on congeeusections. Calculation of specific



binding and evaluation of results were made asipusly described at dopamine,/D3

receptor.

4. RESULTS

Our study has several limitations which are mauhle to its explorative character.
Based on our results definitive conclusions car@tirawn since the relatively low sample

size makes statistical analysis impossible.
4.1. Dopamine B/D3 receptor density in Parkinson’s disease

In the caudate nucleu$H]Jraclopride binding revealed markedly higher dopsem
D./D3 receptor density in controls in comparison with E12.08 + 2.06 fmol/g tissue and
18.43 £ 2.82 fmol/g tissue, respectively, mean M$HENeither frontal cortex nor cingulate
cortex showed notable difference in dopamingDb receptor densities between PD and

control samples.

4.2.Dopamine receptor stimulated $°S]JGTPyS binding autoradiography in Parkinson’s

disease

The mean values of basal binding in the caudatéensiovere almost identical in
control and PD groups (199 + 17 fmol/g and 198 r@abl/g, respectively, mean = SEM)
whereas in the prefrontal and cingulate cortex vagproximately 15% higher in PD than

those in control.

Looking into dopamine stimulated »[DD; receptor—G-protein coupling in caudate
nucleus samples mean values of controls and PDpgratere almost on the same level

(control: 210 £ 15 fmol/g, PD: 215 + 25 fmol/g, nmea SEM), whereas mean values of
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stimulated {°S]GTP/S binding showed mild increase in case of PD filoatal cingulate

cortex.

4.3. Comparison of dopamine ER'Ds; receptor density and dopamine stimulated

[**S]GTPyS binding

Even though PD caudate nucleus samples showed dharkecreased dopamine
D./D3 receptor density in comparison to controls (18#42.82 fmol/g and 24.08 = 2.06
fmol/g and, respectively, mean + SEM), in signansduction through {D3; receptor—-G-
protein coupling there was no difference betweentrots and patients in this brain region
(control: 210 + 15 fmol/g, PD: 215 £ 25 fmol/g, nmea SEM). This suggests that in PD
patients caudate nucleus, in spite of downregulddedD; receptor density, the signal

transduction activity remains the same.

The mild increase of dopamine stimulategill} receptor—G-protein coupling in case
of PD frontal and cingulate cortex could only bea@nt, because of low sample size and

data inhomogeneity.
4.4. Dopamine B/D3 receptor and CBR density in Parkinson’s disease

On caudate nucleus specimens dopamiiB{receptor density was clearly decreased
in case of PD compared to controls (12.84 + 5.48lfgnvs. 30.26 + 2.48 fmol/g, mean +
SEM). Using the same specimens we found no diftereregarding to CHR density in
caudate nucleus (control: 16.66 + 2.69 DPM/miAD: 18.30 + 3.60 DPM/mfm mean =
SEM). In middle frontal gyrus CBas well as /D3 receptor densities of PD and control

sample groups were approximately on similar level.
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4.5. CBR density in Alzheimer’s disease prefrontal cortex

AD Braak stage I-1l samples showed the highesiRC&ensity (control: 19.70 + 3.48
DPM/mn?, Braak I-1l: 26.04 + 5.28 DPM/mfMmmean + SEM). This is especially remarkable
since in these early stages prefrontal cortex ispathologically intact. On the other hand our
results suggest a continuous decrease qRGidpulation through AD progression, however,
CB1R density did not drop below control level not eweend-stages (Braak V-VI) of disease

(22.25 + 7.62 DPM/mf mean + SEM).

We also calculated average density for the combicaatrol and AD Braak Il
groups, since neuropathologically intact specimainAD Braak stage I-Il brains had been
used as controls in former studies. This resultechasking of real differences between real
controls and other AD sample groups (control anagRrl-11: 22.87 + 4.96 DPM/mf Braak
1I-VI: 23.51 + 7.52 DPM/mm, mean + SEM). Furthermore, alterations in AD Bratdge |-

Il could remain hidden. Our results suggest thateglions of AD Braak I-1l stage brains have

to be examined separately from controls in therutu

5. DISCUSSION

5.1. Dopamine B/D3 receptor—G-protein signal transduction in Parkinsan’s disease

Our results support previous findings that afterooit regular antiparkinsonian
treatment in the caudate nucleus of PD patientsditigamine /D3 receptor density is
decreased. This downregulation in dopamine receptould be due to higher synaptical

dopamine levels caused by chronic and maybe inadeglopaminergic substitution.
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Postsynaptic hypersensitivity of,[@lopamine receptors has been reported, at least in
early stages of Parkinson’s disease. This phenomemam be considered as functional
compensation against dopamine deficiensgcording to our knowledgéhe relationship
between dopamine D3 receptor—G-protein coupling and dopamine D3 receptor
density has never been investigated in postmortemagdate nucleus, middle frontal

gyrus and cingulate gyrus specimens of long-term DOPA treated PD patients.

On postmortem human PD caudate nucleus specimens wescribed for the first
time that the decreased B'Ds; receptor density maintains DB/D3; receptor—G-protein
signal transduction activity on the same level ashat of the controls. This suggests the
hypersensitivity of the remaining.[D; receptors, as well as the presence of a functional
compensation of dopaminergic neurotransmissiomduhe whole progression of treated PD.
The early dopamine receptor upregulation and ise@aignal transduction may contribute to
sustained therapeutic benefits of L-DOPA adminigtraduring initial phases of PD. On the
other hand the unchanged receptor sensitivity cdagddinvolved in the development of
dyskinesias, which are the most frequent side &ffetlong-term dopaminergic substitution
therapy. The latter can be explained by the invoket of non-dopaminergic sources of
endogenous dopamine synthesis and L-DOPA conversido dopaminergic signal
transduction, which results in dysregulation andillzdéory behavior of synaptic dopamine

levels.

Similar to previous authors, regarding dopamingDp receptor density in middle
frontal gyrus and cingulate gyrus we found no défece between control and PD groups. At
the same time, PD samples showed increasing tepaérid,/D3 receptor sensitivity in both
region. These data could be explained if we asstima¢ dopamine receptor density depends

on active stimulation, which in PD associates wiyisregualtion of synaptic dopamine levels,
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the latter caused by losses of dopaminergic tersiitgence, the inappropriate dopaminergic
stimulation could be enough to keep/D; receptor density on control level, however, itsloe

not assure normal signal transduction, which ctedd to mild hypersensitivity.

5.2. Cannabinoid type-1 receptor density in Parkinsn’s disease

Based on former researches it can be establisladdnmal function of indirect and
direct striatal pathways needs intact dopaminergim cannabinoid systems. Striatal
dopaminergic-cannabinoid imbalance, as well asatiessof normal synaptic plasticity (e.g.
eCB-LTD) could be essential in the pathophysiolegyPD. Our results refer to decreased
dopamine /D3 receptor density in caudate nucleus of PD patiemtereas CBR density
was unchanged. Neither of examined receptor dessshowed alteration in postmortem
middle frontal gyrus sections of PD patients. To knuowledgethis is the first report about
unchanged CBR densities in caudate nucleus and middle frontalygus of PD patients

following long-term L-DOPA treatment.

On the one hand in the background of this apparémthct CBR population could be
reactive changes of inactive (‘reserve’) 8Bpopulation caused by neurodegeneration, which
could hide a receptor loss. On the other hand, more likely that in PD the striatal medium
spiny neurons and the corticostriatal terminalsu¢stires containing the most of (%) are
not damaged, thus GR population expressed by them remains intact.hEurtore, it is
feasible that exogenous dopaminergic therapy caassire optimal Preceptor stimulation
or normal modulation of signal transduction, retpdiaby dopamine-cannabinoid ‘synergism’.
Subsequently, as a summary of our results, we gmddume that in PD the stimulation of
downregulated but hypersensitive dopamingD receptor population is insufficient or
inadequate to evoke eCB-LTD on corticostriatal ieafs. At the same time, dopaminergic

substitution could be suitable to some extent teusn retrograde modulation, and in this
14



manner it could keep GBR density on control levels. To clear these assiomgtfurther

studies are required.

5.3. Cannabinoid type-1 receptor density in postmdem human Alzheimer's disease

prefrontal cortex

Our results refer to CB;R upregulation in early stages of AD, which is fodwed
by continuous decrease of receptor density duringiskease progressionThis can be
explained by different mechanisms. Previously othéhors reported about intensification of
synaptogenesis and the subsequent increase ofmgiigiagic and cholinergic signal
transduction at the beginning of AD. Thus it isgbke that CBR population increases due to
newly formed synapses. On the other hand a lorgipsyperexcitation could result in
increased release of endocannabinoids, which in tar heterosynaptic manner could
completely block the GABAergic inhibition of pyradal neurons. To prevent GB
saturation a reactive GR upregulation could take place on presynaptic GARJC
terminals. The same heterosynaptic mechanism gapehaon cholinergic terminals as well.
Furthermore, heteromerization between ;RBand acetylcholine and/or metabotropic
glutamate receptors is also possible. In this wByRCwould be able to improve or regulate
altered signal transductions through a direct cdilalar mechanism. Finally, in the
background of possible GR density increase reactive neuroprotective presesaso
emerge, which may involve this receptor type irodas unknown manner. According to the
explorative character of our research our aim wadmidentify the precise mechanisms of a
feasible CBR upregulation, but to emphasize the affection BiRC population in AD. The

clarification of mechanisms is the task of futuesaarches.
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Our findings suggest a slow decrease of&€Hensity through the progression of AD.
This can be explained by degenerative and inflararggirocesses, resulting in an alteration
of the neurons which mainly express this recepgpet In spite of this, CER population
remains at least on control levels even in the ages of AD. In the future these receptors

could be target molecules in the treatment of AD.

Our data suggest that upregulation of;RBakes place in neuropathologically intact
AD Braak stage I-Il prefrontral cortex. This cancoc as part of a functional reaction to
alterations of — especially cholinergic and gluttemgic — signal transduction. Based on this
we emphasize that, in contrast with former studlesneuropathologically intact specimens
from AD Braak stage I-Il brains should be investsgghseparately from controls in the future.
This provides opportunity to reveal early reactsleganges of endocannabinoid and other

receptor systems, which could influence neurotrassion, as well as neuroprotection.

6. SUMMARY

We report for the first time, that in PD caudate nwcleus signal transduction
activity is not altered by long-term L-DOPA substiution therapy unlike dopamine D,/D3
receptor density. Our results show a possible mild increase of digrensduction of
dopamine /D3 receptors in medial frontal and cingulate gyrugetber with unaltered D3
receptor densities in advanced PD. These supgwat,dopaminergic neurotransmission of
distinct PD brain regions is affected in differenttent. Finally, our results may provide us
with additional details about the mechanisms ofgigrm complications (e.g. dyskinesia)

caused by antiparkinsonian therapy.
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To our knowledgeour study is the first to present on postmortem bran samples
of long-term L-DOPA treated PD patients, that CBR densities in caudate nucleus and
medial frontal gyrus remain unchanged.At the same time in PD patients caudate nucleus
dopamine YD3 receptor density was clearly decreased. Our deggest that in the caudate
nucleus, during the progression of PD, the eCB-atedi synaptic plasticity, which is based
on dopaminergic-eCB functional balance, could lberaetl by dopaminergic degeneration. It

seems, however, that no reactive;RRlensity changes takes place. .

This is the first study, to describe that the upreglation of CB;R population
precedes the appearance of neuropathological modsétions in the prefrontal cortex of
AD Braak stage |-l brains. The explanation could be the alteration of nearsmission, as
the earliest event in the pathophysiology of ADur results also support the idea that
neuropathologically intact brain areas of AD Braakstage I-Il brains should be studied
separately from controls, in contrast to previous sidies. Finally, CBR density even in
end-stages of the disease was not below contrall.lda the future a preserved B
population could serve as a target molecule fatinent during the whole progression of AD,

due to CBR system’s wide connections in the central nengyssem and immune system.
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