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Abstract

Background: Alzheimer’s disease (AD) is the most prevalent
form of dementia predominantly affecting the elderly. It is
believed that soluble amyloid-p (AB) oligomers are involved
in the pathogenesis of AD, yet the underlying mechanisms
remain elusive. Objectives: Emerging evidence suggests
that mitochondrial dysfunction likely plays a critical role in
AB-induced neuronal degeneration. Previously, we demon-
strated that AB-derived diffusible ligands (ADDLs) induce re-
duced mitochondrial density in neurites, and we suspect
that an impaired mitochondrial trafficking might be in-
volved, which is tested in this study. Methods: Using live cell
imaging, anterograde and retrograde transport of mito-
chondria in primary hippocampal neurons treated with sub-
lethal doses of ADDLs was measured. Results: We found that
ADDLs induced significant impairment in both anterograde
and retrograde transport of mitochondria along axons. Con-
clusion: These results suggest that an impaired mitochon-

drial transport likely contributes to ADDL-induced abnormal
mitochondrial distribution and dysfunction and also rein-
force the idea that axonal transport is likely involved in AD

pathogenesis. Copyright © 2010 S. Karger AG, Basel

Introduction

Alzheimer’s disease (AD) is the most common neuro-
degenerative disorder in the aged population and is char-
acterized by two pathological hallmarks, i.e., senile
plaques and neurofibrillary tangles, along with extensive
neuronal death in selected brain regions [1]. Despite ex-
tensive research efforts, the mechanisms underlying neu-
rodegeneration in AD remain elusive. Largely due to the
fact that AD-causing mutations found in amyloid-f3 (AB)
precursor protein (APP) and presenilin 1 and 2 have a
primary effect on AP processing and plaque formation, a
myriad of studies have focused on the central role of AR
in the pathogenesis and progression of AD, and it is gen-
erally believed that the soluble oligomers of A are the
major toxic species. Emerging evidence suggest that mi-
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Fig. 1. Effect of ADDLs on FAT of mito-
chondria. Rat E18 hippocampal neurons 10 — ] Control m Ap B ADDLs
(DIV 9) were transfected with Mito- € e
DsRed2. 24 h after incubation with or E g+
without 800 nM ADDLs at DIV 11, neu- 2 T
rons were imaged in time-lapse (10 s inter- 5 6
val, 20 min). a Representative kymographs é
showing transport of mitochondria in the 8 4 i
segment of axon around 100 wm in length £
beginning 300 wm from the cell body of x 27 x
control neurons or neurons treated with 5 0
AB42-1 and ADDLs. b Quantification of 3
mitochondria flux (number mitochon- 2 5] *
dria/10 min) revealed that both antero- g T
grade and retrograde FAT of mitochondria E 4 i
were greatly impaired by ADDLs rather 3
than negative control or AB42-1. At least b -6~ Anterograde Retrograde

20 neurons were analyzed in three inde-
pendent experiments (* p < 0.05, Student’s
t test).

tochondria are a major intracellular target of soluble A3
oligomers [2]. Interestingly, we found abnormal mito-
chondrial dynamics in AD fibroblasts [3] and demon-
strated that APP overexpression, likely through A pro-
duction, induced abnormal mitochondrial dynamics in
neuronal cells [4]. Most recently, we confirmed abnormal
mitochondrial dynamics in AD neurons and demon-
strated that AB-derived diffusible ligand (ADDLs) in-

ADDLs and Mitochondrial Transport

duced abnormal mitochondrial dynamics in neurons [5].
One of the common features in all these models demon-
strating abnormal mitochondrial dynamics is an abnor-
mal mitochondrial distribution, i.e., perinuclear accu-
mulation of mitochondria in AD fibroblasts or M17 cells
overexpressing mutant APP or reduced mitochondrial
density in neurites of primary hippocampal neurons.
Since fast axonal transport (FAT) of mitochondria un-
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derlies the uniform distribution of mitochondria along
the axon [6], these findings prompted us to question
whether an abnormal mitochondrial transport is in-
volved. In this study, by using live cell imaging, we inves-
tigated axonal transport in ADDL-treated primary hip-
pocampal neurons.

Materials and Methods

Cell Culture and Transfection

Primary neurons from E18 rat hippocampus (BrainBits) were
seeded at 30,000-40,000 cells per well on 35 X 10 mm culture
dishes coated with poly-D-lysine/laminin in neurobasal medium
supplemented with 2% B27 (Invitrogen)/0.5 mM glutamine/25
mM glutamate. Half the culture medium was changed every 3
days with neurobasal medium supplemented with 2% B27 (Invi-
trogen) and 0.5 mM glutamine. All cultures were kept at 37°C in
a humidified 5% CO,-containing atmosphere. More than 90% of
cells were neurons after they were cultured for 12 days in vitro
(DIV), verified by positive staining for neuronal specific markers
microtubule-associated protein-2 (MAP2, dendritic marker) and
Tau-1 (axonal marker). At DIV 9, neurons were transfected with
Mito-DsRed2 construct (Clontech) using Neurofect (Genlantis)
according to the manufacturer’s protocol.

Time-Lapse Imaging and Image Analysis

ADDLs were prepared as previously described [5]. Two days
after transfection with Mito-DsRed2, neurons were treated with
ADDLs and then put in a well-equipped environmental chamber
with controlled CO, content, humidity and temperature. Time-
lapse images were captured with an inverted Leica DMI6000 flu-
orescence microscope (Leica) with a fully automated scanning
stage and Leica EL6000 alignment-free metal halide bulb. The
microscope was driven by MetaMorph software (Version 7.04,
Molecular Devices). Images were acquired using a x40 1.24 NA
objective and a Retiga-EXi CCD digital camera (QImaging). Pos-
itive transfected neurons were identified by their expression of
red fluorescence, and three different neurons were selected for
time-lapse imaging at the same time. Images were acquired every
10 s for a total of 121 images (20 min) without apparent photo-
toxicity or photobleaching. Kymographs were generated using
MetaMorph software (Molecular Devices). Image analysis was
performed with WCIF Image] (developed by W. Rasband) and
MetaMorph software (Molecular Devices).

Results

To investigate FAT of mitochondria, rat E18 hippo-
campal neurons were plated on poly-D-lysine/laminin-
coated glass dishes and transfected with Mito-DsRed2
to label mitochondria at DIV 9. 48 h after transfection,
neurons were treated with 800 nM ADDLs or 10 puM
AB42-1. 24 h after treatment, mitochondria movement
in neurons was imaged for up to 20 min under fluores-
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cent microscope for time-lapse recordings. No cell death
was observed under these conditions as determined by
LDH assay (not shown). Because of high mitochondria
density in the proximal segment of axon, we just mea-
sured FAT of mitochondria in the relative distal seg-
ment of axon (around 100 wm in length beginning 300
pm from the cell body of neurons; fig. 1a). Consistent
with our prior report [5], ADDL treatment led to less
mitochondria in axons. FAT of mitochondria included
anterograde and retrograde movements, and mitochon-
dria with velocity less than 0.1 wm/s were classified as
stationary. The mitochondria flux that passed a single
point in the center of kymographs was counted as de-
scribed before [7]. Notably, in ADDL-treated neurons,
both anterograde (0.80 %= 0.67) and retrograde FAT
(0.44 = 0.21) of mitochondria were significantly re-
duced compared to nontreated control neurons (5.34 *
2.47 for anterograde and 3.31 * 2.02 for retrograde
transport of mitochondria; fig. 1b). Neurons treated
with AB42-1 demonstrated similar FAT of mitochon-
dria to control neurons.

Discussion

Previously, it was demonstrated that acute treatment
of AR monomers and fibrils induces significant reduc-
tion in motile mitochondria [8]. In this study, we per-
formed a more detailed study on axonal transport of
mitochondria and found that soluble AP oligomers
induced significantly reduced mitochondrial axonal
transport, suggesting that impaired axonal transport of
mitochondria likely contributes to ADDL-induced ab-
normal mitochondrial distribution in neurites. This is
consistent with a recent study demonstrating an overall
disruption of FAT induced by soluble AP oligomers in
isolated squid axoplasms [9]. In fact, deficits in axonal
transport may represent an early step in AD pathogen-
esis since axonal swelling and reduced axonal transport
were observed before apparent AD hallmarks [10]. Over-
all, our studies, along with others, suggest that AR is
likely one of the major mediators causing deficits in ax-
onal transport.
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