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"BACKGROUND

Evidence from postmortem human brain studies, clinical pharmacology, animals studies, and recently PET-studies in
humans implicate dysfunction of the serotonergic transmitter system in AD (1), and this dysfunction seems to correlate
to neuropsychiatric symptoms (2). One of the most consistent post mortem findings is a reduction in the number of the
5-HT,, receptor subtype (2). In vivo functional imaging studies have confirmed large reductions in 5-HT,, receptor
binding in mild to moderately demented AD patients using positron emission tomography (PET) (3,4) or Single Photon
Emission Tomography (SPET) (5). The G-protein coupled 5-HT,, receptor is highly expressed in neocortex and less so in
limbic cortex and basal ganglia. 5-HT,, receptors are associated with cholinergic and glutamatergic neurons in the
cerebral cortex and hippocampus and seem to be implicated in cognition by regulation of the release of these and other
neurotransmitters. In experimental studies, 5-HT,, agonists enhance and antagonists impair learning (6). Thus,
dysfunction of the 5-HT,, receptor in AD may not only lead to neuropsychiatric disturbances, but also to cognitive
dysfunction.

"OBJECTIVE

The objective of this study was to assess if 5-HT,, receptor binding was decreased in amnestic MCI, and whether
neuropsychiatric symptoms correlate with reduced 5-HT,, binding in specific regions. We deliberately chose a subtype of
MCI that would reflect prodromal AD in order to exclude 5-HT,, receptor changes due to affective disease or other
neuropsychiatric disorders. We hypothesized that serotonergic dysfunction sets in early in the course of the disease and is
related to part of the symptomatology of very early AD.

® METHODS

SUBJECTS: Sixteen amnestic MCI patients were recruited from the Copenhagen University Hospital Memory
Clinic, which is an out-patient clinic based in neurology. MCI was defined using the criteria of Petersen et al. (7).
Based on a neuropsychological test battery, episodic memory was the only cognitive domain with significant
impairment in this group. Further, all MCI patients had normal basic functions on activities of daily living and a
score on the Clinical Dementia Rating (CDR) of 0.5. Seventeen age-matched healthy control subjects were
recruited from newspaper advertisements.

PET: PET studies were performed using a GE Advance camera in 3D mode, and 200-350 MBq [18]F-altanserin
was administered using the bolus/infusion approach described by Pinborg et al. (8). Plasma input was corrected
for metabolites by HPLC. The binding potential BP1 was defined as (Cror - Ceerevelium)/Cpiasma » Where Crop and
Ceerebelum are steady-state mean count densities in the volume of interest and in the reference region,
respectively, and Cpj,sm, is the steady-state activity of non metabolized tracer. BP1 was determined as the mean
of 5 steady state measurements from 120-160 min after start of infusion.

MRI: MRI studies were performed using a Siemens 1.5 T, and T1 weighted images were obtained for co-
registration and segmentaion. Volumes of interest (VOI) Analysis was performed by an automated VOI method
using MRI defined volumes (9). A partial volume correction was applied to segmented grey matter activity
obtained by PET (10).

CORRELATIONS: Volumes of Interests (VOI's) were compared group-wise using Student’s t-test and since
a monotonous effect was found for most brain regions, correction for multiple statistical tests was not performed.
Based on a priori hypotheses, we correlated cognitive and neuropsychiatric test with BP1 in specific regions. All
correlations were performed with adjustment for age in a multiple linear regression analysis with the test score as
the dependent variable and regional BP1 and age as independent variable. Since the correlation analysis tested
only the specific hypotheses, p values were not adjusted for multiple statistical tests, except for MMSE and NPI
where several VOI's were considered. A p-value < 0.05 was considered significant.

"RESULTS

Subject demographics are shown in Table 1. 5-HT,, binding measured by PET is shown in Table 2.

TABLE 1. Demographics
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Values shown in Table 2 are mean +1SD of grey matter voxels in VOIs. Values were corrected for partial volume effect (10). Because of no left-right
differences, average of left and right VOIs are shown. *: p< 0.05, Students t-Test without correction for multiple statistical tests. ns: not significant

In most of the VOI's studied, 5-HT,, receptor binding was significantly reduced in patients with MCI. In neocortex, the
mean reduction in BP1 was 31% without, and 25% with correction for partial volume. Thus, only a minor fraction of the
reduction in BP1 could be explained by the presence of atrophy. For the subcortical brain structures, no significant
reductions in BP1 could be identified.

Striatal 5-HT,, binding correlated positively with MMSE score, as an indication that a poorer global cognitive function is
related to a reduced striatal 5-HT,, binding (Table 3). However, when corrected for multiple statistical testing, this
correlation was no longer significant. In prefrontal cortex, there was a trend for a correlation between a poorer
performance on Trail Making B Test and a reduced 5-HT,, binding. Depression and anxiety scores from the
Neuropsychiatric Inventory correlated with reduced 5-HT,, binding in prefrontal cortex and striatum, and the correlation
with striatum remained significant after correction for multiple statistical tests (Figure 1 and Table 3).
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Figure 1: Correlation between 5-HT2A binding in
2 striatum and depression/anxiety sub scores of NPI
(Neuropsychiatric Inventory). X-axis: BP1, binding
potential of 5-HT,,, receptors in grey matter in
o+ striatum (putamen and caudate nuclef), y-axis:
0 02 04 06 08 1 12 combined score of depression and anxiety from NPT
(high score= more severe and/or frequent
BP1 (striatum) Spers)

®DISCUSSION

Whereas a significant and uniform reduction was found in the 5-HT,, binding in large neocortical regions, no
consistent findings were obtained from smaller regions, probably due to higher variability in BP1 in small regions with
lower binding. The reduction in 5-HT,, binding was widespread and comparable to that found in more advanced
stages of AD (4-6). Albeit weak, our data suggests an association between reduction in 5-HT,, receptor binding and
poorer cognitive function. The stronger correlation between dysphoria/anxiety symptoms and 5-HT,, binding in
striatum imply that an alteration of the serotonergic modulation of fronto-striatal circuits may be implicated in the
neuropsychiatric symptoms of very early AD.

In the group of MCI patients, other neuropsychiatric symptoms, such as aggression, irritability, and apathy were
infrequent symptoms, and the relationship between these symptoms and 5-HT,, binding remains to be elucidated.
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