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Apolipoprotein E4 and A� peptide 1-42 inhibit polyphosphoinositide biosynthesis in
rat brain cortex. A. ZAMBRZYCKA, M. KACPRZAK. Pol. J. Pharmacol., 2003, 55,
911–913.

Polyphosphoinositides synthesized by phosphatidylinositol 4-kinase, EC 2.7.1.67
(PI4K) and phosphatidylinositol 4-phosphate 5-kinase, EC 2.7.1.68 (PIP5K) are involved
in cell signaling and cytoskeleton function. In this study, the effect of apolipoprotein E4
(apoE4) and amyloid � peptide A� 1-42 on PI4K and PIP5K activity in cortical synaptic
plasma membranes from rat brain was investigated. The results indicated that 0.25 �M
apoE4 inhibited PI4K and PIP5K by 40% and 30%, respectively, but 25 �M A� 1-42 de-
creased exclusively PI4K activity by 20%. Although the mechanism of apoE4 and A� ac-
tion is unknown and needs future investigation, this study suggests that free radical-
dependent protein oxidation may be involved in alteration of these enzymes.
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Abbreviations: AD – Alzheimer’s disease, DAG
– diacylglycerol, IP� – inositol 1,4,5-trisphosphate,
PI – phosphatidylinositol, PI(4)P – phosphatidyl-
inositol-4-monophosphate, PI(4,5)P� – phosphati-
dylinositol-4,5-bisphosphate, PI3K – phosphatidyl-
inositol 3-kinase (EC 2.7.1.137), PI4K – phosphati-
dylinositol 4-kinase (EC 2.7.1.67), PIP5K – phospha-
tidylinositol-4-phosphate 5-kinase (EC 2.7.1.68),
PKC – protein kinase C (EC 2.7.1.37), PLC – pho-
spholipase C (EC 3.1.4.3), SPM – synaptic plasma
membranes

Polyphosphoinositide plays an important role in
the intracellular signal transduction in response to
a variety of neurotransmitters, hormones and growth
factors. Phosphatidylinositol 4-kinase (PI4K) cata-
lyzes the key step in the biosynthesis of polypho-
sphoinositides that leads to the phosphorylation of
phosphatidylinositol (PI) at the D4 position of the
inositol ring. Phosphatidylinositol-4-monophosphate
(PI(4)P) can be further phosphorylated by phospha-
tidylinositol 4-phosphate 5-kinase (PIP5K) to yield
phosphatidylinositol-4,5-bisphosphate (PI(4,5)P!)
that is the precursor of the two second messengers:
inositol 1,4,5-trisphosphate (IP') and diacylgly-
cerol (DAG) generated by phospholipase C (PLC).
DAG activates protein kinase C (PKC), whereas
IP' causes the release of Ca!( from an intracellular
calcium stores. In eukaryotes, this is one of the
most commonly used signaling pathways in a wide
range of cells. Moreover, PI(4,5)P! interacts with
actin-binding proteins and modulates structure of
cytoskeleton, budding and fusion processes. PI(4,5)P!

is the best substrate among other phosphoinositides
for phosphatidylinositol 3-kinase (PI3K) that phos-
phorylates them at the D3 position. The products of
this enzyme are not substrates for PLC but play es-
sential roles in the signal transduction, cytoskeleton
rearrangement, mitogenesis, intracellular vesicular
transport and regulation of survival processes [4,
5]. Phosphoinositide signaling pathway and its deg-
radation is impaired in Alzheimer’s disease (AD)
[8, 3] and A� peptide has been implicated in this
damage. Our previous results indicated that aggre-
gated form of A� peptide decreased PI and PI(4,5)P!

degradation by PLC [7]. A number of genetic, his-
tological and biochemical evidences indicated that
apolipoprotein E4 (apoE4) also played a role in the
pathogenesis of AD. Moreover, apoE may directly
influence intracellular signaling cascades. ApoE4
has been found to modulate activation of cAMP re-

sponse element-binding protein through the extra-
cellular signal-regulated kinase cascade. ApoE and
apoE/A� complexes can also induce PKC-� trans-
location in human neuroblastoma cells and fibro-
blasts. Cedazo-Minguez and Cowburn show that
this isoform of apoE inhibits PIP! degradation in
human SH-SY5Y neuroblastoma cells [1]. Our pre-
vious results indicated that apoE4 decreased PLC
activity in the rats brain cortex [6]. The present
study addresses the issue of whether apoE4 and
full-length A� 1-42 in aggregated form influence
phosphoinositide signaling through modulation of
polyphosphoinositide biosynthesis. In the present
study, the effect of apoE4 and A� 1-42 on PI4K
and PIP5K activity in synaptic plasma membranes
(SPM) from the rat brain cortex was investigated.
SPM were prepared as described previously [6] and
incubated for 30 min at 30°C in the presence of
apoE4 at 0.25 �M concentration and aggregated
form of A� 1-42 at 25 �M or without these com-
pounds. Then, the PI4K and PIP5K activity was
assayed in the presence of exogenous inositol
phospholipids and adenosine 5’-[�-'!P]triphosphate
([�-'!P]ATP, specific activity 3000 Ci/mmol).

The results indicated that apoE4 and A� 1-42
significantly inhibited PI4K activity by 40% and
20%, respectively (Fig. 1). However, PIP5K was
inhibited exclusively by apoE4 by 30% while A�
peptide activated this enzyme by 40% (Fig. 1).
Moreover, A� significantly activated protein oxida-
tion, measured by concentration of carbonyl groups,
by 67% (control value was evaluated at 0.70 ± 0.20
and for A� it was 1.17 ± 0.28 nmol/mg of protein,
mean ± SD from 3 experiments carried out in tripli-
cate). The preliminary data indicated that also
apoE4 activate protein oxidation by 21% (data not
shown).

The present results are in agreement with those
obtained in AD. Jolles et al. [2] and Zubenko et al.
[8] demonstrated that PI kinase activity is low in
AD brain. PI4K that is the key enzyme in poly-
phosphoinositide biosynthesis supplies substrate
for PLC and PI3K. Thus, loss of this enzyme activ-
ity and lowering level of PI(4)P and PI(4,5)P! may
disturb phosphoinositide signal transduction. In ad-
dition, PI4K supplies PI(4,5)P! that is associated
with cytoskeletal proteins and a decrease in its
activity could trigger cytoskeleton and vesicular
transport dysfunction. ApoE4 and A� peptide,
through inhibition of PI4K activity, could be in-
volved in alteration of phosphoinositide metabo-
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lism and in PI(4,5)P! bound protein function. Al-
though the mechanism(s) of PI4K inhibition is still
unclear, these preliminary data suggest that protein
oxidation evoked by apoE4 and A� might be in-
volved in the damage of this enzyme. Inhibition of
PI4K activity by apoE4 and A� peptide should be
taken into consideration for better understanding of
the changes in phosphoinositide metabolism in the
AD brain.
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Fig. 1. The effect of apoE4 and A� 1-42 on PI4K and PIP5K ac-
tivity in SPM from the rat brain cortex. SPM were incubated for
30 min at 30°C in the presence of apoE4 at 0.25 �M and A�
1-42 at 25 �M concentration, respectively, and without these
compounds (control). Then, PI4K and PIP5K activity was as-
sayed. Each value is the mean ± SEM from 4 experiments car-
ried out in triplicate, one rat was used for one experiment. Con-
trol value for PI4K activity was evaluated at 269.80 ± 52.02 and
for PIP5K it was 184.20 ± 29.70 pmol/mg of protein/min. Sta-
tistically significant differences were calculated based on paired
Student’s t-test, ** p < 0.01, * p < 0.05 compared to the control
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