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Abstract. Mitochondrial dysfunction is an early feature of Alzheimer’s disease (AD). Abnormalities in mitochondrial properties
include impaired energy metabolism, defects in key respiratory enzyme activity/function, accumulation/generation of mitochon-
drial reactive oxygen species, and formation of membrane permeability transition pore. While the mechanisms underlying
mitochondrial dysfunction remain incompletely understood, recent studies provide substantial evidence for the progressive ac-
cumulation of mitochondrial Aβ, which directly links to mitochondria-mediated toxicity. In this review, we describe recent
studies addressing the following key questions: 1) Does Aβ accumulate in mitochondria of AD brain and AD mouse models?
2) How does Aβ gain access to the mitochondria? 3) If mitochondria are loaded with Aβ, do they develop similar evidence
of dysfunction? 4) What are the mechanisms underlying mitochondrial Aβ-induced neuronal toxicity? and 5) What is the
impact of interaction of mitochondrial Aβ with its binding partners (cyclophilin D and ABAD) on mitochondrial and neuronal
properties/function in an Aβ milieu? The answers to these questions provide new insights into mechanisms of mitochondrial
stress related to the pathogenesis of AD and information necessary for developing therapeutic strategy for AD.
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INTRODUCTION

Alzheimer’s disease (AD) is the most common neu-
rodegenerative disease, resulting in a disorder of cogni-
tion and memory due to neuronal stress and culminating
in cell death. Genetic, cell biology, biochemical, and
animal studies support the concept that amyloid-β (Aβ)
plays a central role in the development of AD patholo-
gy and neuronal and cognitive malfunction. Mutations
in genes for amyloid-β precursor protein (AβPP) and
presenilins (PS1 and PS2) result in rare, early-onset
AD due to enhanced generation and accumulation of
Aβ [1–3]. Growing evidence indicates that early intra-
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cellular accumulation of Aβ may be a key factor in the
induction of neuronal stress. Aβ is generated intracel-
lularly and has been shown to accumulate intracellu-
larly. In addition, AβPP/Aβ moves from the endoplas-
mic reticulum (ER) to the trans-Golgi network, or the
endosomal-lysosomal system. The presence of intra-
cellular Aβ has been detected in brains of patients with
AD and Down’s syndrome as well as in aging monkeys
and transgenic (Tg) mice expressing mutant AβPP [4–
7]. Furthermore, the accumulation of intracellular Aβ
has been shown to precede plaque formation in Tg mu-
tant AβPP/PS1 and Tg mutant AβPP/PS1/tau mice,
and is associated with neuronal loss even in the ab-
sence of extracellular Aβ deposits [8–10]. Accumula-
tion of intracellular Aβ increases with age, is associat-
ed with abnormal synaptic morphology, and correlates
with the deficits in long-term synaptic plasticity. These
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observations led us to consider a role of intracellular
Aβ. Notably, recent studies have highlighted the role
of mitochondrial Aβ in AD pathogenesis [11–28].

Mitochondria have a crucial role in both necrotic and
apoptotic cell death. Mitochondrial dysfunction is an
early feature of AD. Abnormalities of mitochondrial
function [13,19,29], such as decreased activity of res-
piratory chain enzymes, generation of reactive oxygen
species (ROS), and hypometabolism occur in the AD
brain and the Tg AD mouse models [12–15,22,30–46].
These observations suggest a potentially important role
for mitochondria in determining the abnormalities of
AD brain. Mitochondria may be a central player for
Aβ-induced impairment of neuronal energetic and ox-
idative damage contributing importantly to the neuronal
perturbation in AD. In this review, we summarize and
discuss the role of mitochondrial Aβ in mitochondrial
and neuronal stress in an environment enriched for Aβ,
such as AD and Tg mouse models for AD.

ACCUMULATION OF Aβ IN CORTICAL
MITOCHONDRIA OF AD BRAIN

Studies from our and other independent groups have
clearly demonstrated that Aβ progressively accumu-
lates within mitochondria of AD brain [13,15,20,21,
23], Tg AD mice, and cells overexpressing mutant
human AβPP and Aβ [13–15,18,20,23,26]. First, im-
munoblotting studies revealed the presence of Aβ in
highly purified human brain mitochondria, which dis-
played enrichment of mitochondrial markers SODII
and cytochrome c oxidase and the apparent absence
of markers for endoplasmic reticulum and lysosomes.
Second, we performed a protease protection assay to
determine whether Aβ was present within mitochon-
dria (i.e., within a membrane-enclosed compartment)
or adsorbed to the outer mitochondrial membrane. Af-
ter permeabilizing mitochondrial membranes with Tri-
ton X-100, trypsin treatment nearly completely pre-
vented the appearance of immunoreactive Aβ, indicat-
ing that most mitochondria-associated Aβ was in a pro-
tected, membrane-bound compartment [13]. Third, to
further establish the localization of Aβ in mitochon-
dria, we performed morphological studies to support
the results of the biochemical experiments. Both confo-
cal microscopy and immunoelectron microscopy stud-
ies, using double immunostaining of anti-Aβ and a
mitochondrial marker, reveal the colocalization of Aβ
with mitochondrial markers. Based on image analysis,
Aβ accumulates in the mitochondria of AD brain with

∼40% and ∼70% of the area occupied by mitochon-
dria in the temporal lobe and hippocampus, respective-
ly, co-staining for the Aβ. The non-AD control brains
also showed accumulation of Aβ in mitochondria, but
at lower levels, corresponding to 5% and 14% of the
area occupied by mitochondria in the temporal lobe and
hippocampus, respectively. Furthermore, mitochondri-
al localization of Aβ has been found in human corti-
cal brains in surgical specimens obtained from living
subjects that showed amyloidosis similar to the extent
of mitochondrial Aβ accumulation [21]. Thus, these
studies have firmly established the accumulation of mi-
tochondrial Aβ in Aβ-rich brain, such as AD.

Accumulation of mitochondrial Aβ also occurs in
Tg mouse models for AD. Accumulation of Aβ in mi-
tochondria occurs as early as 4-5 months and increases
with aging in brains of Tg mAβPP mice [13]. The latter
finding indicates that Aβ starts to accumulate in mito-
chondria even before massive extracellular deposition
occurs. This observation is in agreement with previous
findings that intracellular accumulation of Aβ can oc-
cur prior to extracellular amyloid β accumulation [10,
47,48]. Notably, levels of mitochondrialAβ42 were sig-
nificantly higher than Aβ40 (∼4-5 folds higher versus
Aβ40). In addition, oligomeric Aβ42 was also found
in the mitochondria from AD brain and Tg mAβPP
mice. These results indicate the pathogenic role of mi-
tochondrial Aβ, predominately the 1-42 form, in ab-
normal mitochondrial function relevant to the patho-
genesis of AD. Consistent with our findings, mitochon-
drial Aβ has also been reported in other lines of Tg AD
mouse model (Tg2576) [14,26,43]. Further, Aβ accu-
mulates in mitochondria of primary neuronal cultured
neurons from Tg mAβPP mice, as shown by confocal
and electron microscopy and immunoblotting of sub-
cellular fractions. These findings add a new dimension
to studies of intracellular Aβ, particular for mitochon-
drial Aβ.

MITOCHONDRIAL Aβ UPTAKE

The progressive accumulation of Aβ in mitochon-
dria raises a question: how does Aβ gain access to
mitochondria? Aβ is generated by the sequential in-
tracellular cleavage of AβPP by β-secretase to gener-
ate the N-terminal end of Aβ, and intramembranous
cleavage by γ-secretase to generate the C-terminal end.
Further studies have shown that Aβ is generated within
the trans-Golgi network or produced within ER, and
then translocated to the endosomal/lysomal system or
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the cytosolic fraction [49–51]. The detectable amount
of Aβ is normally retained within the cell. These
intracellular pools of Aβ can also be released to the
extracellular space via the plasma membrane. Anoth-
er possible source of intracellular Aβ is the reuptake
of extracellular Aβ through receptor-dependent mech-
anism [52,53], endosomal/lysomal or unknown path-
way [21]. These studies suggest the significance of the
regulation/modulation of the balance in Aβ pool be-
tween intracellular and extracellular compartments un-
der pathophysiological condition.

To determine whether mitochondrial Aβ is produced
in situ by mitochondria or by uptake from intracel-
lular compartment, we first examined the mitochon-
drial localization of AβPP. Immunoblotting with anti-
body specific for human form of AβPP or human and
mouse AβPP, demonstrated no immunoreactive band
in digitonin-treated mitochondria enriched for Aβ from
AβPP mice (Yan et al., unpublished observation), in-
dicating that AβPP is not present inside mitochondria.
Anandatheerthavarada and colleagues recently report-
ed that AβPP is targeted to the mitochondrial outer
membrane in an “N-terminus-in mitochondria and C-
terminus-out cytoplasm” orientation and is associated
with mitochondrial import channels. Although gener-
ation of mitochondrial Aβ could be due to the cleavage
of AβPP with the N-terminus targeted to the mitochon-
drial membrane throughγ-secretase that has been iden-
tified within the mitochondria, the ability of γ-secretase
to cleave AβPP associated with mitochondria is not
known. The absence of AβPP within mitochondria and
delayed appearance of mitochondrial Aβ, as reported
in our study, suggest that mitochondrial Aβ is not likely
to be produced locally in mitochondria and a complex
cellular trafficking system is involved in importing Aβ
into mitochondria.

The following studies support this concept that mi-
tochondrial Aβ is derived from extracellular or intra-
cellular pool of Aβ. First, Petersen and colleagues pre-
sented a unique import mechanism for Aβ in mitochon-
dria and demonstrate both in vitro and in vivo that Aβ is
transported into mitochondria via the translocase of the
outer membrane (TOM) machinery [21]. Importantly,
they demonstrated extracellular applied Aβ can be in-
ternalized by human neuroblastoma cells, imported in-
to mitochondria via the TOM complex, and accumulat-
ed in the mitochondrial cristae. Second, Takuma and
collaborators showed that receptor for advanced glyca-
tion end products (RAGE) contributes to the transport
of Aβ from cell surface to the intracellular space [52].
Mouse cortical neurons exposed to extracellular human

Aβ subsequently show detectable Aβ peptide intracel-
lularly in the cytosol and mitochondria by confocal and
electron microscopy.

Blockade of RAGE by RAGE antibody or RAGE-
deficiency significantly decreases the uptake of Aβ and
provides protection from Aβ-mediated mitochondrial
dysfunction. These findings indicate the involvement
of RAGE in the translocation of Aβ from the extra-
cellular to the intracellular compartment including mi-
tochondria. Third, we propose that Aβ is able to di-
rectly translocate from the ER to the mitochondria in
view of the direct contact/communication of ER mem-
brane to the mitochondrial out membrane. To address
this issue, we performed an in vitro translocation assay.
Purified subfractions of ER/Golgi from brains of Tg
mAβPP mice with detectable human Aβ were incubat-
ed with mitochondria isolated from non-Tg brains with
no human form of Aβ. Aβ was subsequently found in
purified mitochondria of non-Tg mice incubated with
ER/Golgi fractions from Tg mAβPP mice (Yan et al.,
unpublished data). Furthermore, when Aβ-containing
neurons cultured from Tg mAβPP mice were incubat-
ed with brefeldin A, an inhibitor of protein transport
from ER/intermediate compartment [54], levels of Aβ
were increased in mitochondrial fractions. These re-
sults suggest that Aβ is imported into intact mitochon-
dria, potentially via the secretory pathway (ER/Golgi).
Abnormalities in the secretory pathway may trigger a
pathologic accumulation of Aβ in mitochondria.

IMPACT OF Aβ ON MITOCHONDRIAL AND
NEURONAL FUNCTION

Another key issue concerns whether accumulation
of mitochondrial Aβ interferes with respiratory and/or
other functions of this organelle potentially modulating
cellular properties. Patients with AD are known to dis-
play diminished glucose utilization, abnormal brain en-
ergetics and reduced activity of certain enzymes asso-
ciated with mitochondrial respiratory chain complex-
es [30,33,36,38,39,41,55]. In addition, mitochondria
are well-recognized for their role in the generation of
ROS and in mediating cell death signals. First, we
studies metabolic properties of Tg mAβPP mice by
evaluating brain ATP levels and glucose utilization. At
10 months, there was a significant decrease in ATP
in the brains of Tg mAβPP mice compared with non-
Tg littermates. Glucose utilization was studied using
NMR by infusing mice with 13C-labelled glucose, and
analyzing the flux of acetyl coenzyme A through the
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TCA (trichloroacetic acid/Krebs) cycle. There was a
statistically significant decrease in glucose uptake and
in the flux of acetyl coenzyme A through the TCA cy-
cle in the brains of Tg mAβPP mice [12]. Second, res-
piratory rate, as assessed by oxygen consumption and
membrane potential, was significantly reduced in mito-
chondria from Tg mAβPP mice as compared with non-
Tg mice, enzymatic activities associated with mito-
chondrial complex III (cytochrome c reductase) and IV
(cytochrome c oxidase) were significantly decreased in
mitochondria from Tg mAβPP mice, as compared with
non-Tg mice [13,23–25]. Similar results were observed
in human AD brain as described above. Third, Aβ-
rich cortical mitochondria isolated from Tg mAβPP
mice showed increases in accumulation of ROS in
mitochondria, mitochondrial membrane potential and
mitochondrial membrane permeability transition, and
a decrease in calcium buffering capacity [15,23,24].
Consequences of Aβ-mediated mitochondrial dysfunc-
tion were seen by regional changes in neuropathology
and impaired spatial learning memory in Tg mAβPP
mice as compared with those in non-Tg littermate con-
trols [15,23,24,56,57]. These data suggest that, in an
Aβ-rich environment, overt mitochondrial dysfunction
occurs and that mitochondria provide a direct site for
Aβ-mediated cellular perturbation. For instance, in-
creased expression of amyloid binding alcohol dehy-
drogenase (ABAD), an intracellular Aβ-binding pro-
tein, exacerbated mitochondrial and neuronal stress in
hAβPP/Aβ expressing mice [12,15]. Aβ can also di-
rectly disrupt mitochondrial function and such disrup-
tion causes oxidative stress [58,59]. Thus, impairments
in mitochondrial structure and function could be due to
the direct effect of Aβ or through interaction of Aβ with
its binding partners, which exaggerates mitochondrial
and neuronal perturbation.

INTERACTION OF Aβ WITH ITS
MITOCHONDRIAL TARGETS

The mitochondrial permeability transition pore
(mPTP) plays a central role in both necrotic and apop-
totic neuronal cell death. Opening of the mPTP col-
lapses the membrane potential and amplifies apoptot-
ic mechanisms by releasing proteins with apoptogenic
potential from inner membrane space [60–62]. The
mPTP is thought to involve, at least, the voltage de-
pendent anion channel (VDAC) in the outer membrane,
the adenine nucleotide translocase (ANT) in the inner
membrane, and cyclophilin D (CypD) in the mitochon-

drial matrix [61,63–66]. CypD, a peptidylprolyl iso-
merase F (gene name: Ppif), resides in the mitochon-
drial matrix and associates with the inner mitochondrial
membrane during the mPTP. Release of CypD from the
matrix allows it to bind to ANT, and potentially to other
targets on the inner mitochondrial membrane. This in-
teraction contributes to opening the mPTP, which leads
to colloidosmotic swelling of the mitochondrial matrix,
dissipation of the inner membrane potential (∆Ψm),
and/or generation of ROS. Therefore, CypD is an in-
tegral part of the mPTP complex. Oxidative and oth-
er cellular stresses promote CypD translocation to the
inner membrane [67–72], which in turn triggers open-
ing of the mPTP. The ultimate consequence of open-
ing pore is the release of intermembrane space-located
proteins, including cytochrome c, apoptosis inducing
factor, Smac/DIABLO, endonuclease G, and procas-
pases [73–77]. In turn, these proteins will activate sig-
nal transduction pathways and apoptosis, causing cell
death. Moreover, recent studies provide substantial ev-
idence that a genetic deficiency in CypD protects cells
from Ca2+- and oxidative stress-induced cell death, in-
dicating that CypD functions as a necessary compo-
nent of the mPTP [71,78–80]. Low expression of CypD
in brain mitochondria increases resistance of mPT in-
duced by calcium [81], whereas high levels of CypD in
neuronal mitochondria result in their greater vulnera-
bility to mPTP and require higher levels of cyclosporin
(an inhibitor of CypD) to inhibit mPTP opening [82].
We have demonstrated that levels of CypD were signifi-
cantly elevated in Aβ-containing cortical mitochondria
from AD-affected brain regions of patients with AD and
Tg mAβPP mice. Using surface plasmon resonance
(SPR), we have found that CypD binds immobilized
Aβ in a dose-dependent manner. CypD formed a com-
plex with Aβ in cortical mitochondria from AD patients
and Tg mAβPP mice. An increased CypD translocation
from the matrix to the inner membrane of mitochondria
was observed in Tg mAβPP mice compared to non-Tg
littermates. Most importantly, abrogation of CypD sig-
nificantly attenuates Aβ-mediated abnormal mitochon-
drial and neuronal dysfunction, improves long term po-
tentiation (LTP) and learning memory. The protection
of CypD deficiency occurs in aged mAβPP mice (22-
24 months) that express florid amyloid pathology and
severe cognitive decline [24]. These data demonstrate
that the lack of CypD results in persistent life-long pro-
tection against Aβ toxicity in an AD mouse model,
thereby suggesting that inhibiting CypD may be benefit
for prevention and treatment of AD.

ABAD is an intracellular enzyme present in the
mitochondrial matrix. Initially, using the yeast two-
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hybrid system, and, subsequently, by ligand binding
assays with purified polypeptides, our group identified
ABAD as a single chain, ≈27 kDa polypeptide ca-
pable of binding Aβ [83] (Note: we initially termed
this Aβ binding polypeptide ERAB, but have changed
the name to ABAD in view of its functional proper-
ties, see below). ABAD is a member of the short-
chain dehydrogenase/reductase (SDR) family, which
has broad enzymatic activity [84–90]. Though mem-
bers of the SDR family have overlapping enzymatic
properties, ABAD appears to have essential functions,
especially during development, as mutational inactiva-
tion of the Drosophila counterpart (termed scully) re-
sulted in a lethal phenotype [91]. It has been report-
ed that analysis of 2-methy-3-hydroxybutyryl-CoA de-
hydrogenase (MHBD) deficiency (associated with ab-
normal catabolism of isoleucine and branched chain
fatty acids) resulted from two missense mutations in
the ABAD gene [92]. The unique feature of ABAD,
compared to other members of the SDR family, is its
interaction with Aβ [15,83,93].

In the absence of high levels of Aβ, under home-
ostatic or stressful conditions, ABAD appears to ex-
ert a protective role in the cellular response [86]. For
example, ABAD facilitates utilization of ketone bod-
ies by promoting the generation of acetyl-CoA to feed
into the TCA cycle. Using NMR to analyze [13C] β-
hydroxybutyrate metabolism, ABAD-transfected COS
cells displayed increased flux of acetyl-CoA through
the TCA cycle. Because ischemia is a severe metabol-
ic stress, a murine stroke model was employed to de-
termine the consequences of overexpressing ABAD in
cortical neurons. Tg mice overexpressing ABAD in
neurons demonstrated a protective phenotype with a
∼40% reduction in stroke volume and improved neu-
rologic deficit scores. Overexpression of ABAD in Tg
mice was associated with increased flux of acetyl-CoA
through the TCA cycle and increased ATP in cerebral
cortex following infusion of β-hydroxybutyrate. These
data indicate that the expression of ABAD confers a
protective phenotype in the setting of ischemia. Taken
together, these properties of ABAD suggested its attrac-
tiveness, in terms of potential for cellular perturbation,
as an intracellular target of Aβ.

In an Aβ-rich environment,we have shown that
ABAD potentiates cell stress induced by Aβ, as ev-
idenced by the increased generation of 4-hydroxy-
nonenal-lysine (HNE) and malondialdehyde (MDA)-
lysine epitopes, induction of DNA fragmentation, and
generation of ROS (as detected by electron paramag-
netic resonance spectroscopy, in cells overexpressing

ABAD and mutant AβPP[V717G] and in Tg mice) [15,
83,84]. Furthermore, double Tg mice overexpressing
ABAD and a mutant form of the human amyloid pre-
cursor protein (mAβPP; the latter a minigene encod-
ing hAβPP695, 751 & 770 bearing mutations linked to
familiar AD) show regional neuropathologic changes
(decreased synaptophysin and acetylcholinesterase ac-
tivity) in the cortex and hippocampus. Consequences
of such neuropathologic changes include impaired spa-
tial memory and reduced LTP in double Tg mice over-
expressing ABAD and mutant AβPP in neurons.In sup-
port of our data, results from other laboratories have
shown that the interaction of ABAD with Aβ accentu-
ated cytotoxicity, which was attenuated by blockade of
ABAD engagement of Aβ. Furthermore, high levels
of ABAD have been found in hippocampal synaptic
mitochondria from Tg mutant AβPP mice, and this has
been suggested to contribute to the loss of synapses
in the hippocampus observed in this animal model of
AD-type pathology [94–98]. Increased expression of
ABAD has also been found in mitochondrial from other
Tg AD mouse models [43,99]. The expression levels of
ABAD correlate with mitochondrial Aβ levels. Impor-
tantly, ABAD expression levels are significant higher
in AD-affected brain regions (inferior temporal gyrus
and hippocampus) than those in age-matched, non-AD
brain [15]. Regions spared by AD, such as cerebellum,
displayed no significant difference in ABAD expres-
sion comparing AD and non-AD brains. Similarly, Tg
mAβPP mice show higher level of ABAD (∼2-3 fold)
in hippocampus and cerebral cortex than non-Tg con-
trols. These results, demonstrating increased expres-
sion of ABAD in AD brain, support the potential rele-
vance of ABAD to Aβ-induced neuronal stress.

To further analyze mechanisms and consequences of
ABAD-Aβ interaction, we have performed structural
studies and experiments using genetically manipulat-
ed mice. Our most recent data analyzing Aβ-ABAD
crystals suggests that residues 94-114 of ABAD inter-
act with Aβ. A peptide spanning this region of ABAD
inhibits ABAD-Aβ interaction in vitro. Most impor-
tantly, ABAD [91–119] peptide protected neurons har-
vested from either wild-type, single Tg (overexpress-
ing mAβPP or ABAD) or double Tg (overexpressing
ABAD and mAβPP) mice from Aβ-induced cytotox-
icity. These data support the premise that ABAD-Aβ
interaction is not only a key factor in the potentia-
tion Aβ-induced cytotoxicity, but also may be an ef-
fective target for therapeutic intervention in AD. Ab-
normalities in oxidative/energy metabolism are close-
ly associated with AD. Defects in mitochondrial func-
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tion are well-known to contribute to alterations in en-
ergy metabolism, free radical generation, and cellular
calcium homeostasis [30,31,33,100–105]. Our stud-
ies in double Tg mice have shown enhanced genera-
tion of ROS in double Tg mice overexpressing mutant
AβPP and ABAD (Tg mAβPP/ABAD) at 4 months
of age compared with controls. These Tg mice also
display upregulation of peroxiredoxin II[106], an anti-
oxidant protein, and endophilin-1 [42] protein relevant
to JNK-mediated cell death signal transduction path-
way. Consistent with this observation, defects in ener-
gy metabolism (reduced levels of ATP and decreased
glucose utilization) and activation of CAMK II were
noted in double Tg mice (mAβPP/ABAD). These fac-
tors, potentially impacting on and/or due to mitochon-
drial dysfunction, could lead to neuronal damage in
AD.

Finally, since ABAD is localized principally to
the mitochondrial matrix in neurons, it was essen-
tial to determine if ABAD and Aβ actually inter-
acted in pathophysiologically-relevant settings. Aβ
was identified within mitochondria and evidence
of ABAD-Aβ complex could be demonstrated by
immunoprecipitation-immunoblotting in brains of AD
patients and Tg mAβPP mice. The activity of cy-
tochrome c oxidase (COX, complex IV) was sig-
nificantly reduced (∼40%) in mitochondria from Tg
mAβPP/ABAD mice, compared with single Tgs (Tg
mAβPP, Tg ABAD) and non-Tg littermates, as early
as 4 months of age. This observation in a mouse mod-
el of AD-type pathology is consistent with decreased
COX activity previously noted in AD brain [33,100],
suggesting that formation ABAD-Aβ complex may be
responsible for this and other changes in mitochondrial
properties.

CONCLUSION

Mitochondria are a central player in cell death rel-
evant to the pathogenesis of many neurodegenerative
diseases, such as AD. Mitochondrial dysfunction is an
early feature of AD and Aβ has deleterious effects
on mitochondrial function and contributes to energy
failure, respiratory chain impairment, neuronal apop-
tosis, and the generation of ROS in AD. Recent stud-
ies have highlighted the role of mitochondrial Aβ in
the pathogenesis of AD. Extracellular or intracellular
Aβ is able to transport into the mitochondria through
receptor-dependent pathway, TOM40 machinery, di-
rect ER-mitochondria transfer,or other unknown mech-

anisms. The progressive accumulation of mitochondri-
al Aβ is associated with aberrant mitochondrial func-
tion leading to neuronal damage and cognitive decline.
In this regard, Aβ can directly affect mitochondrial
respiratory enzyme activity and trigger mitochondrial
membrane permeability transition pore opening. Inter-
actions of Aβ and mitochondrial proteins (CypD and
ABAD) exaggerate Aβ-induced effects on mitochon-
drial and neuronal function. Blocking Aβ binding to
such partners protects against mitochondrial and neu-
ronal toxicity. Thus, blocking Aβ entry to mitochon-
dria, inhibiting CypD-dependent mitochondrial transi-
tion pore, or intercepting interaction of Aβ with bind-
ing partners, such as ABAD, are potential therapeutic
strategies for AD.
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