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INTRODUCTION

Recent pathologic and metabolic studies of very early Alzheimer’s disease sug-
gest a discordance in the distribution between traditional pathologic changes and
glucose metabolic reduction. Traditional pathologic changes in very early stages of
AD are shown to occur in the medial temporal lobe, specifically in the entorhinal
cortex.1 In contrast, very early glucose metabolic reductions occur in the lateral as-
sociation cortices and posterior cingulate cortex.2 This study addresses the possible
pathophysiological mechanisms explaining such discordance between metabolic
and pathologic changes using positron emission tomography (PET).

GLUCOSE METABOLIC REDUCTION IN VERY EARLY
ALZHEIMER’S DISEASE

A longitudinal study of 23 patients with “isolated memory impairment” identified
10 patients who developed probable AD during a clinical follow-up. Glucose meta-
bolic PET imaging with 2-[18F]fluoro-2-deoxy-D-glucose (FDG) was performed for
those patients before the clinical diagnosis of dementia was made. Those images
were analyzed retrospectively. The mean glucose metabolic map in 10 elderly nor-
mal controls showed intense metabolic activity in the posterior cingulate cortex.
This activity disappeared in very early AD patients. Statistical subtraction images
showed the most severe glucose metabolic reduction in the posterior cingulate cortex
followed by the parietotemporal and frontal association cortices, but relatively spar-
ing the primary sensorimotor cortex, occipital cortex, and cerebellum. Glucose me-
tabolism in the medial temporal cortex was also relatively preserved. These findings
are contrary to pathological evidence of very early involvement of the medial tem-
poral cortex in AD.
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DOES THE LOSS OF ENTORHINAL EFFERENTS EXPLAIN SEVERE
METABOLIC REDUCTION IN THE POSTERIOR CINGULATE AND

ASSOCIATION CORTICES IN VERY EARLY AD?

Neurofibrillary tangles, a traditional pathologic change, occur in a cell body of
the neuron. FDG uptake primarily occurs in the region of the synapse.3 We hypoth-
esized that the loss of entorhinal efferents caused by AD pathology may have caused
glucose metabolic reduction in remote areas such as the posterior cingulate cortex.
To test this hypothesis, we compared resting cerebral perfusion scans obtained with
[15O]water (under the assumption of flow-metabolic coupling) before and after left
temporal lobectomy that removed the hippocampus and a substantial portion of en-
torhinal cortex in nine patients with refractory temporal lobe epilepsy (postoperative
68 ± 17 days). Temporal lobectomy resulted in reduced activities in remote areas in-
cluding the posterior cingulate cortex and thalamus. When compared to the pattern
of very early AD, reductions in the posterior cingulate cortex, a part of the thalamus,
and a part of the lateral temporal cortex overlapped between two conditions. How-
ever, the removal of medial temporal cortex did not result in reduced activities in the
parietotemporal and frontal association cortices, where a substantial metabolic re-
duction was seen in very early AD. In addition, the profile of the magnitude in per-
cent reduction induced by the removal of the medial temporal cortex was different
from that observed in very early AD. These findings indicate that severe metabolic
reduction observed in the posterior cingulate cortex in very early AD may be ex-
plained in part by the loss of entorhinal efferents due to AD pathology, but more dif-
fuse involvement of association cortices in very early AD cannot be attributed to the
entorhinal pathology alone.

DO CHOLINERGIC DEFICITS EXPLAIN SEVERE METABOLIC
REDUCTION IN THE CEREBRAL CORTEX IN AD?

Basal forebrain cholinergic neurons are known to degenerate severely in AD.4

We tested a hypothesis that cholinergic deficit may have caused severe metabolic re-
duction in the cerebral cortex in AD. Acetylcholinesterase activity (AChE) in the
brain was measured by PET imaging using N-[11C]methyl-4-piperidinyl propionate
(PMP)5 and compared to glucose metabolic activity (CMRglc) measured by FDG
PET imaging as well as cerebral atrophy measured by 3D Spoiled Gradient Echo Im-
aging (3D-SPGR) MR imaging in nine AD patients. There was an inconsistency be-
tween the patterns of AChE and CMRglc reduction. Reduction in AChE involved the
entire cerebral cortex including the primary sensorimotor cortex. CMRglc reduction
and cerebral atrophy primarily involved association cortices sparing the primary sen-
sorimotor cortex. Multivariate correlational analysis (principal components analy-
sis) revealed four latent common factors (eigenvalues > 1) among changes in AChE,
CMRglc, and atrophy. The first component was dominated by changes in AChE that
had a relatively uniform involvement of the entire cerebral cortex. However, these
changes were not intercorrelated with changes in CMRglc or atrophy. The second to
fourth components represented intercorrelated changes in CMRglc within the frontal
association cortex, parietotemporal cortex, and anterior temopral cortex, respective-
ly. These CMRglc changes were also intercorrelated with atrophy, but not with
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AChE changes. Intercorrelation between changes in CMRglc and atrophy indicates
the presence of common pathologic processes that contribute to both measurements.

SUMMARY

These results suggest that neither the loss of entorhinal efferents nor cholinergic
deficit explains all the metabolic features seen in very early AD. Given recent im-
munohistological evidence of massive glutamatergic synaptic alteration in early AD
cortex6 and insights into neuronal and glial mechanisms of glucose metabolism,7

very early metabolic changes in AD probably reflect a significant impairment of gly-
colytic activities in the cortico-cortical glutamatergic systems in a preclinical stage
of the disease. However, the exact mechanisms of such impairment in these neurons
are yet to be determined.
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