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ABSTRACT

The current knowledge base on circulating serum and plasma risk factors of the cognitive decline of
degenerative Alzheimer’s Disease is linked to cholesterol homeostasis and lipoprotein disturbances
(i.e., total cholesterol, 24S-hydroxy-cholesterol, lipoprotein(a), or apolipoprotein E. Lipoprotein lipase
(LPL) is also expressed in the brain, with the highest levels found in the pyramidal cells of the hippo-
campus, suggesting a possible role for LPL in the regulation of cognitive function. Little is currently
known, however, about the specific role of LPL in the brain. The authors of this chapter have generated
an LPL-deficient mouse model that was rescued from neonatal lethality by somatic gene transfer. The
levels of the presynaptic marker synaptophysin were reduced in the hippocampus while the levels of the
post-synaptic marker PSD-95 remained unchanged in the LPL-deficient mice. The decreased frequency
of mEPSC in LPL-deficient neurons indicated that the number of presynaptic vesicles was decreased,
which was consistent with the decreases observed in the numbers of total vesicles and docking vesicles.
These findings indicate that LPL plays an important role in learning and memory function, possibly by

influencing presynaptic function.
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INTRODUCTION

While a number of genetic and environmental
factors have been demonstrated to be linked with
the development of Alzheimer’s Disease (AD),
the single greatest risk factor is aging. Several
lines of evidence suggest a role for age-related
increases in neuropathology in the development
of AD and that the age-related accrual of AD
pathology promotes the progression of AD. Most
studies linking pathology with the onset of AD
have focused solely on the role of AD-related
pathology.

The principle indication that lipids may play
an important role in amyloid precursor protein
(APP) processing and p-amyloid peptide (Ap)
production was provided by a common feature
shared by the proteins involved in APP process-
ing, which is that they are all integral membrane
proteins. Moreover, AP cleavage by y-secretase
occurs in the middle of the membrane, suggesting
that the lipid environment influences A produc-
tion and hence AD pathogenesis. The current
knowledge base on circulating serum and plasma
risk factors of cognitive decline of degenerative
AD is linked to cholesterol homeostasis and lipo-
protein disturbances (i.e., total cholesterol (TC),
24S-hydroxy-cholesterol, lipoprotein(a) (Lp(a)),
or apolipoprotein E (APOE)). Lipoprotein lipase
(LPL) is predominantly expressed in adipose
and muscle, where it plays a crucial role in the
metabolism of triglyceride-rich plasma lipopro-
teins. LPL is also expressed in the brain, with its
highest levels found in the pyramidal cells of the
hippocampus, suggesting a possible role for LPL
in the regulation of cognitive function. Little is
currently known, however, about the specific role
of LPL in the brain. We sought to investigate the
role of LPL in the brain, specifically with respect
to learning and memory. Behavioral studies have
not been performed in adult LPL gene targeted
mice because of neonatal lethality. Viable adult
LPL-deficient mice were generated by rescue
through the somatic gene transfer of a beneficial

mutant form of LPL. In the present study, we report
a significant impairment in learning and memory
in LPL-deficient animals and demonstrate altera-
tions in presynaptic morphology. Our findings
demonstrate that LPL plays a role in cognitive
function in the central nervous system (CNS).

MATERIALS AND METHODS

Detailed methods can be found in the online
Supplemental Methods. LPL-deficient mice in
a C57BL/6J background were rescued by intra-
muscular administration of an adenoviral vector
encoding ahuman LPL mutant, LPLS*’X, Learning
and memory were examined by both water maze
and step-down passive avoidance tests. Quanti-
fication was carried out by image analysis. The
ultrastructure of synapses in the hippocampus was
examined by transmission electron microscopy.
The results were expressed as mean + SEM. The
statistical significance for differences between
the two groups was evaluated with an unpaired
Student’s ¢ test, and p values <0.05 were regarded
as significant.

RESULTS

The hippocampus-dependent learning and memo-
ry of LPL-deficient mice were studied by perfor-
mance in the water maze and step-down passive
avoidance tests. During the training sessions (days
1 and 2) for the water maze test, LPL-deficient
mice spent a significantly longer amount of time
than WT mice to find the terminal escape platform.
There were no differences in the number of entries
into the non-exitarms onday 1 of training between
the two genotypes. The number of no-exit arm
entries by the LPL-deficient mice significantly
increased on day 2 of training. From days 3 to 7,
both the latency to escape the platform and the
frequency of entries into the no-exit arms by the
LPL-deficient mice were significantly increased
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