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Abstract

It is now widely recognized that the brains of Alzheimer’s patients often display multiple pathologic abnormalities,
termed mixed proteinopathies. These individuals will by definition always have amyloid pathology mixed with
neurofibrillary tangles, may also have TDP-43 or a-synuclein pathology. The basis for the preponderance of mixed
pathology in Alzheimer’s Disease (AD) is poorly understood, but recent studies have suggested that compromised
function of the proteostasis network could be an important contributing factor. The term proteostasis network refers
to the myriad of activities and functions that work in concert to maintain the proteome. In settings of
neurodegeneration, it is thought that high levels of misfolded proteins produce an added burden on the proteostatic
network by occupying various activities required to dissociate such aggregates and degrade the misfolded proteins,
leaving vulnerable “by-stander” proteins at greater risk for misfolding and aggregation. In proteomic studies of brains
from mice with high levels of Alzheimer-amyloidosis, we have recently determined that a number of cytosolic
proteins solubility as amyloid burdens rise. This finding is consistent with the hypothesis that amyloid deposition can,
by some manner, impinge on the function of the proteostatic network to cause “secondary” misfolding. Thus, in mice
that model human neurodegenerative pathology, evidence is emerging in support of the concept that the
accumulation of one misfolded protein can, by some manner, impact on the folding of others.
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Introduction

The proteostasis network is thought to be delicately balanced in the
sense that the levels of protein synthesis, chaperone activities, and
degradation activities (proteasome and autophagy) have co-evolved to
optimize the use of energy resources and regulate the abundance of
critical regulatory factors [1]. In essence, the components of the
proteostasis network within cells are proposed to be present in
sufficient but not excess levels [2]. In this scenario, any insult that
diminishes the function of, or adds burden to, one or more elements of
the network could create a condition of proteostatic insufficiency. In
such an environment, cells may be unable to correctly fold every newly
made protein or efficiently degrade every damaged or misfolded
protein. Thus, the accumulation of one misfolded protein could cause
collateral, or secondary, misfolding by engaging and overwhelming
various chaperone or degradative activities, leaving vulnerable by-
stander proteins at greater risk of failing to achieve native structure.
The concept of collateral misfolding was first elaborated in studies of
invertebrate models expressing aggregation prone fragments of
mutant huntingtin [3], and later by expressing mutant superoxide
dismutase 1 (SODI1) [4]. In this invertebrate model system, the
evidence that aggregation of mutant huntingtin, or SODI, impaired
the proteostatic network arose from the observation that proteins
harboring temperature sensitive mutations could no longer achieve
native conformation when the animals were cultured at the permissive
temperature. This finding suggested that the activities responsible for
folding these temperature sensitive proteins may have been diverted to

SOD1, causing the overall network to be overwhelmed by the constant
influx of newly synthesized polypeptides. In relation to
neurodegenerative disease, it has been argued that pathologic
accumulation of intracellular proteinaceous aggregates is, in and of
itself, an indication of an overburdened proteostasis network [1,5,6].

Alzheimer’s disease (AD) has traditionally been defined
neuropathologically as an amyloidosis with neurofibrillary tangles. In
studies of individuals with dominantly inherited forms of AD, it has
become clear that the deposition of amyloid in AD occurs well before
the onset of cognitive symptoms and the appearance of NFT pathology
[7,8]. It is now increasingly recognized that the brains of AD patients
can display pathologic inclusions containing a-synuclein and TDP-43
in addition to the invariably found amyloid and NFT pathology [9-13].
For example, approximately 20-50% of AD cases present with TDP-43
inclusion pathology with tau and TDP-43 typically observed as
separate entities within the cell body of any neurons containing
aggregates of both proteins [12]. Similarly, in several pure tauopathies,
such as corticobasal degeneration and Pick’s Disease, the brains of
affected individuals can also present with TDP-43 pathology [9-17].
Importantly, in mice over-expressing mutant tau we have recently
demonstrated the coexistence of robust tauopathy with secondary
TDP-43 pathology [18]. By virtue of the perceived order of appearance
and the lack of direct genetic association with the primary disease,
these pathologies could be viewed as “secondary” events in the
evolution of these diseases. Thus, one could potentially explain the
appearance of tau, a-synuclein, and TDP-43 pathologies in AD as
secondary events that occur because the deposition of amyloid, by
some manner, increases the burden on the proteostatic network to
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create an environment in which tau, TDP-43, and/or a-synuclein
become more vulnerable to misfolding.

Modeling Alzheimer-amyloidosis in mice

Multiple laboratories have created mice that express mutant
amyloid precursor proteins, with and without co-expression of mutant
human presenilin, as a means to model Alzheimer-related pathology
[19]. Apart from focal abnormalities in tau adjacent to amyloid
deposits, these mice do not progress to develop neurofibrillary tangle
pathology or significant accumulation of tau aggregates [20-25]. In our
experience, the vulnerability of endogenous mouse tau or TDP-43 to
secondary misfolding in mice modeling Alzheimer amyloidosis is
limited [20,26]. These findings are generally at odds with the notion
that amyloid could be inducing a secondary misfolding of tau or
TDP-43. Nonetheless, it is possible that the murine versions of these
proteins are simply less prone to misfolding and aggregation.

To determine whether amyloid may impose any burden on the
proteostatic network, we undertook a proteomic study to search for
evidence of secondary protein misfolding in the APPswe/PS1dE9
mouse models of Alzheimer amyloidosis [26]. This recently published
study determined that a number of cytosolic proteins lose solubility as
amyloid accumulates. To identify proteins that lose solubility, we
developed a protocol in which brain homogenates were sequentially
extracted and centrifuged in detergents of increasing strength (NP40
>deoxycholate> SDS) to separate soluble and insoluble proteins. This
approach was first put into practice in a study to identify proteins in
cultured cells that lose solubility upon heat stress [27]. Coupling
detergent extraction and sedimentation protocols to LC-MS/MS
approaches, we identified more than 20 cytosolic proteins that were
specifically over-represented in the SDS-insoluble fractions of the
brains of mice with high amyloid burden [26] (Table 1).

Gene Name (common name) Expression Pattern* | Verified by
immunoblot

ALDOA (Fructose- | Neurons only

bisphosphatealdolase A)

ARF1 (ADP-ribosylation factor 1) | Neurons only

CLTC (Clathrin heavy chain 1) Neurons only

DNM?1 (Isoform 3 of dynamin 1) Neurons only

ENO1 (Alpha enolase) Neurons only Yes

ENO2 (Gamma enolase) Neurons only Yes

PGAM1 (Phosphoglycerate kinase | Neurons only Yes

1)

NSF(Vesicle fusing ATPase) Neurons only

STXBP1 (Isoform 1 syntaxin-| Neurons only

binding protein 1)

YWHAB (Isoform long of 14-3-3 | Neurons only

protein beta/alpha)

YWHAG (14-3-3 protein gamma) | Neurons only

YWHAH (14-3-3 protein eta) Neurons only Yes

YWHAZ (14-3-3 protein zeta/| Neurons only

delta)

Page 2 of 6
ACO2 (Aconitatehydratase, | Neurons and White
mitochondrial) Matter
ACTC1 (Actin, alpha cardiac| Neurons and White
muscle 1) Matter
CKB (Creatine kinase B-type) Neurons and White
Matter
DPYSL2  (Dihydropyrimidinase-| Neurons and White
related protein 2) Matter
EEF1A1(Elongation factor 1-alpha| Neurons and White
1) Matter
GAPDH (Glyceraldehyde-3-| Neurons and White| Yes
phosphatase dehydrogenase) Matter
GDI1 (Rab GDP dissociation | Neurons and White
inhibitor alpha) Matter
HSPA8 (Heat shock cognate 71| Neurons and White
protein) Matter
HSP90AA1 (Heat shock protein| Neurons and White
90-alpha) Matter
HSP90AB1 (Heat shock protein| Neurons and White
90-beta) Matter
PGK1(Phosphogycerate kinase 1) | Neurons and White
Matter
YWHAE (14-3-3 protein epsilon) Neurons and White
Matter
YWHAQ (Isoform 1 of 14-3-3| Neurons and White
protein theta) Matter
APOE (Apolipoprotien E) Astrocytes
CKB (Creatine Kinase B-type) Astrocytes
CLU (Clusterin) Astrocytes Yes
EEF1A1 (Elongation factor 1-| Astrocytes
alpha 1)
*Expression pattern assessed by the Allen Brain Atlas (http://mouse.brain-
map.org)

Table 1: Characteristics of proteins that lose solubility in older
APPswe/PS1dE9 mice

The over-representation of these proteins in SDS-insoluble
fractions from the brains of older APPswe/PS1dE9 mice was partially
verified by immunoblotting with antibodies to a-enolase (Eno2 or
NSE), a-enolase (Enol), Glyceraldehyde 3-phosphate dehydrogenase
(GAPDH), 14-3-3 eta and phosphoglyceratemutase 1 (PGAM]I) (Table
1). As predicted by our previous work in this model[20], endogenous
mouse tau was found only in PBS-soluble fractions by both LC-
MS/MS and immunoblotting [26]. No insoluble forms of these
proteins were detected in younger APPswe/PS1dE9 mice, aged 2 and 6
months, or non-transgenic (NTg) mice of any age. More recently, we
have determined that we first observe cytosolic proteins to lose
solubility in the brains of APPswe/PS1dE9 mice at about 12 months of
age (not shown). At this age, amyloid burden has begun to build to
levels similar to what would be observed in a typical early AD case.
The age-dependent loss of solubility of cytosolic proteins in this model
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is consistent with the notion that amyloid deposition, by some
manner, impairs proteostatic function.

Although most of the proteins identified as losing solubility are
expressed in neurons, it is difficult to determine which neurons are
affected and in which subcellular compartments these “misfolded”
proteins might be located. This question could be best addressed by
immunostaining tissues from these mice with antibodies that
specifically recognize non-nativelyfolded isoforms of these proteins,
but to date reagents for this specific purpose have not been developed.
It is possible that these proteins are localized primarily in dystrophic
neurites surrounding mature amyloid plaques. Localization within
these structures might mean that the decrements in proteostatic
function are compartmentalized. Such sequestration might be
inconsequential to cell function or might become a nidus of protein
misfolding that spreads throughout the cell.

A concern in interpreting our findings is that it is difficult to
demonstrate definitively that the loss of protein solubility in older
APPswe/PS1dE9 mice is not a consequence of non-specific
interactions between abundant cytosolic proteins packed within
neurites and the amyloid fibrils that would be in close proximity.
Importantly, the loss of solubility by normally cytosolic proteins in the
older APPswe/PS1dE9 mice was not global in nature. There were still a
large number of proteins that were found only in the PBS-soluble
fractions, including abundant proteins such as endogenous tau, a-
synuclein, and SOD1 [26]. These proteins would be expected to be
found in neurites adjacent to amyloid deposits. To control for non-
specific binding of cytosolic proteins to A aggregates, we prepared
homogenates of brain from older non-transgenic mice and mixed in
pre-aggregated AP40/42 peptides before performing the detergent
extraction and centrifugation protocol. Detergent insoluble fractions
generated from these samples were then immunoblottedwith
antibodies to the proteins listed in Table 1, finding none of the
proteins fractionated with the aggregated A in the insoluble fraction,
and all were exclusively found in soluble fractions [26]. Although this
effort represented the best control we could devise, further study is
required to determine whether our observations demonstrate a failure
in proteostatic function. For example, one prediction would be that
enhancing proteostatic function should prevent the loss in cytosolic
protein solubility. Alternatively, if the proteins we have identified have
failed to achieve native conformations, one would expect that there
would be loss of function in the pathways these proteins populate.

Using gene ontology analysis [Panther tools] to classify the proteins
that lose solubility in the brains of older APPswe/PS1dE9 brains, the
most abundant classes of proteins identified were chaperones (9 out of
28 proteins: 6 members of 14-3-3 family and HSP90AA1, HSPAS,
HSP90ABI, p=1.68x10-9) and enzymes involved in glycolysis (6 out of
28 proteins, including GAPDH, ENO1, PGAM1, ALDOA, PGKI and
ENO2, p=1.35x10-7 by biological process, p=1.99x10-10 by pathway).
Whether the loss in solubility of these proteins is sufficient to produce
consequential deficits in functional pathways has not yet been
established. In no case did we observe a complete loss of solubility for
any of these proteins, thereby implying that any loss of functionality
would be partial. Still, evidence of loss of function in relevant
pathways, such as glycolysis, would provide evidence that corroborates
the proteomic data.

Modeling AD secondary pathologies in mice

Most available evidence indicates thatthe deposition of ABin human
ADprecedes the appearance of abnormal tau [7,8]. A large body of
work in transgenic mice had provided data to further support a causal
relationship between amyloid deposition and the development of tau
pathology [21-25,28-51]. However, one recent study of mice that co-
express mutant APP, mutant PS1, and mutant tau (3x Tg-AD mice)
indicates that the rate of mutant tau misfolding and aggregation can be
independent of the influence of AP and amyloid [52]. One of the
major gaps in knowledge for the AD field is a poor mechanistic
understanding of how AP, AP oligomers, or amyloid deposition may
trigger the secondary misfolding of tau and other “secondary” targets.
Some recent studies have linked the binding of AP oligomers to the
cellular prion protein PrPC as simulating Fyn kinase, which may
directly or indirectly increase tau phosphorylation [36,40,53]. Thus, by
one or more signaling pathways, some form of AP may alter the
phosphorylation of tau thereby heightening its probability of
misfolding. Once misfolding of tau begins, the altered conformation
appears to be able to spread between cells [54]. By this scenario, the
genesis of tauopathy could involve a multifaceted process in which AP,
or amyloid, mediated signaling events induce changes in tau
phosphorylation to enhance the probability of misfolding. Once tau
misfolding takes hold in a specific brain region, then the pathology
could spread throughout the CNS. Although there is evidence in some
systems that one type of misfolded protein can “seed” the misfolding
of another (e.g. a-synuclein and tau) [55], whether A, AP oligomers,
or amyloid fibrils can directly cross-seed tau misfolding remains
uncertain. Based on our observation that high amyloid burden can
trigger the loss of solubility of neuronal cytosolic proteins in mice, we
suggest that disruption of proteostatic networks in neurons
surrounded by amyloid could be contribute to the spreading or
seeding of tau, a-synuclein, or TDP-43 proteinopathy. Thus, different
forms of AP could act at multiple levels to induce tau misfolding and
then facilitate the spread of these misfolded conformations throughout
the CNS.

A question yet to be answered is whether the proteins we have
identified as losing solubility in mice with high amyloid burden
become insoluble because the proteostatic network has been negatively
affected by the deposition of amyloid. It is conceivable that misfolded
AP accumulating in the interstitial spaces could enter cells to directly
impact the folding of cytosolic proteins. Engineered proteins with
amyloid-like domains can interact with a number of cellular proteins
[56]. In studies where AP peptide was expressed in the cytosol of the
muscle lining the outer wall of Clelegans, the peptide produced
abnormalities that are consistent witha capacity to diminish
proteostatic function [57]. In mammalian primary neuron cultures,
Magraneet al. observed that intracellular expression of AP produced
defects in Akt survival signaling, and these abnormalities could be
ameliorated by induction of the heat shock chaperones [58]. Thus, if
misfolded AP accumulating in the extracellular space can penetrate
membranes, then it could conceivably directly degrade proteostatic
function.

Prospects for therapeutic intervention

If the evolution of secondary proteinopathies in AD, fronto-
temporal dementia (FTD), and other neurodegenerative disorders is
the result of proteostatic stress, then augmenting proteostatic network
function should mitigate secondary misfolding. Based on numerous
reports in the literature that have described positive benefits from life-
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long treatment with rapamycin and other inducers of autophagy
[59-64], inducing clearance mechanisms may be an efficacious
therapeutic approach that could provide a substantial enhancement of
proteostatic network function.

Manipulating inducible chaperone function in neurons in vivo
appears to be challenging. Pharmacologic and genetic approaches have
been used in numerous studies as a means to induce the expression of
the inducible heat-shock chaperones. In culture, neurons have been
shown to respond to Hsp90 inhibitors, such as derivatives of
geldanamycin, by inducing Hsp40/Hsp70 expression [65,66]. Multiple
studies have used the same types of drugs in vivo [65,67-70], providing
evidence in immunoblots of tissue homogenates for Hsp40/Hsp70
induction in the CNS. However, it remains unclear to us whether
Hsp40/Hsp70 can be robustly induced in CNS neurons in vivo because
we have not found a study that provides histologic, or in situ,
validation of induction of these genes in neurons, in the intact CNS.
Still, it is promising that a number of geldanamycin derivatives, and
other Hsp90 inhibitors, are available for further testing (Table 2) and
one of these may be more effective in neurons.

Compound Concentration Range | Reference
Geldanamycin 50 nM in culture [75]
AT13387 10-1000 nMin culture [76]
SNX5422 15-250 nMin culture [77]
STA9090 1-250 nM in culture [78]
Celastrol 0.2-10 pMin culture [79]
BIIB021 0-250 nM in culture, 40| [80,81]
mg/kg in vivo
AUY922 10- 500 nM in culture, | [82,83]
20 mg/kg in vivo

Table 2:Hsp90 inhibitors currently under investigation

The resistance of neurons in vivoto induction of the heat-shock
chaperone system may be due, at least partially, to the activity of an 8
kDa protein that is highly expressed in neurons [71], termed heat-
shock factor binding protein 1 (HSBP1). Studies of the mechanism of
action for HSBP1 in regulating heat-shock factor 1 (HSF1) activity are
limited, but it appears that HSBP1 directly binds to a domain in HSF1
that is critical for the assembly of active trimeric complexes [72,73].
HSBP1 has also been described as a co-chaperone of Hsp70, which can
be active in a negative feedback loop to disassemble and inactivate
trimers of HSF1 [72]. A very recent study described the generation of
HSBP1 knockout mice, demonstrating that homozygous null mice
have defects in preimplantation embryonic development [74]. HSPB1
deficient ES cells show constitutive elevations in heat-shock
chaperones. Thus, HSBP1 is a strong candidate to act as a negative
regulator of the inducible chaperones and may account for the limited
response of heat-shock chaperones in neuronsin vivo.

Modification of proteostatic function may represent a good
therapeutic target for patients at multiple stages of disease as early
intervention could slow amyloid-induced aggregation of tau; whereas,
late intervention could slow tau-induced aggregation of TDP-43 and
other “by-stander” targets. Although there is rightfully increasing
emphasis on early intervention in AD, we face an immediate future in
which many patients have already aged beyond the window of

opportunity for early intervention. Thus there is and will be a need for
therapies that could modify disease in patients that have moderate to
late-stage AD. If diminished proteostatic function and by-stander
misfolding contributes to late-stage symptoms, drugs that restore
proteostatic balance could prove to be effective in slowing the
progression of disease.

Acknowledgements

We thank Dr. Todd Golde for thoughtful discussions on the topic of
this review. We also acknowledge the support of the Center for
Translational Research in Neurodegenerative Disease and the SantaFe
HealthCare Alzheimer’s Disease Research Center.

References

1.  Balch WE, Morimoto R, Dillin A, Kelly JW (2008) Adapting proteostasis
for disease intervention. Science 319: 916-919.

2. Morimoto R (2006) Stress, aging, and neurodegenerative disease. N Engl
] Med 355: 2254-2255.

3. Gidalevitz T, Ben-Zvi A, Ho KH, Brignull HR, Morimoto RI (2006)
Progressive disruption of cellular protein folding in models of
polyglutamine diseases. Science 311: 1471-1474.

4, Gidalevitz T, Krupinski T, Garcia S, Morimoto RI (2009) Destabilizing
protein polymorphisms in the genetic background direct phenotypic
expression of mutant SOD1 toxicity. PLoS Genet 5: e1000399.

5. Morimoto R (2008) Proteotoxic stress and inducible chaperone networks
in neurodegenerative disease and aging. Genes Dev 22: 1427-1438.

6. Kikis EA, Gidalevitz T, Morimoto RI (2010) Protein homeostasis in
models of aging and age-related conformational disease. AdvExp Med
Biol 694: 138-159.

7. Holtzman DM, Morris JC, Goate AM (2011) Alzheimer's disease: the
challenge of the second century. SciTransl Med 3: 77sr1.

8. Jack CR Jr, Knopman DS, Jagust WJ, Petersen RC, Weiner MW, et al.
(2013) Tracking pathophysiological processes in Alzheimer's disease: an
updated hypothetical model of dynamic biomarkers. Lancet Neurol 12:
207-216.

9.  Uryu K, Nakashima-Yasuda H, Forman MS, Kwong LK, Clark CM, et al.
(2008) Concomitant TAR-DNA-binding protein 43 pathology is present
in Alzheimer disease and corticobasal degeneration but not in other
tauopathies. ] NeuropatholExpNeurol 67: 555-564.

10. Higashi S, Iseki E, Yamamoto R, Minegishi M, Hino H, et al. (2007)
Concurrence of TDP-43, tau and alpha-synuclein pathology in brains of
Alzheimer's disease and dementia with Lewy bodies. Brain Res 1184:
284-294.

11. Lin WL, Dickson DW (2008) Ultrastructural localization of TDP-43 in
filamentous neuronal inclusions in various neurodegenerative diseases.
ActaNeuropathol 116: 205-213.

12. Amador-Ortiz C, Lin WL, Ahmed Z, Personett D, Davies P, et al. (2007)
TDP-43 immunoreactivity in hippocampal sclerosis and Alzheimer's
disease. Ann Neurol 61: 435-445.

13. Toledo JB, Cairns NJ, Da X, Chen K, Carter D, et al. (2013) Clinical and
multimodal biomarker correlates of ADNI neuropathological findings.
ActaNeuropatholCommun 1: 65.

14. Halliday GM, Holton JL, Revesz T, Dickson DW (2011) Neuropathology
underlying clinical variability in patients with synucleinopathies.
ActaNeuropathol 122: 187-204.

15. Colom-Cadena M, Gelpi E, Charif S, Belbin O, Blesa R, et al. (2013)
Confluence of I+-synuclein, tau, and I>-amyloid pathologies in dementia
with Lewy bodies. ] NeuropatholExpNeurol 72: 1203-1212.

16. Rohn TT, Kokoulina P (2009) Caspase-cleaved TAR DNA-binding
protein-43 in Pick's disease. Int J PhysiolPathophysiolPharmacol 1:
25-32.

J Alzheimers Dis Parkinsonism
ISSN:2161-0460 JADP, an open access journal

Volume 4 « Issue 3 « 1000145


https://www.sciencemag.org/content/319/5865/916.full
https://www.sciencemag.org/content/319/5865/916.full
http://www.ncbi.nlm.nih.gov/pubmed/17124027
http://www.ncbi.nlm.nih.gov/pubmed/17124027
http://www.ncbi.nlm.nih.gov/pubmed/16469881
http://www.ncbi.nlm.nih.gov/pubmed/16469881
http://www.ncbi.nlm.nih.gov/pubmed/16469881
http://www.plosgenetics.org/article/info%3Adoi%2F10.1371%2Fjournal.pgen.1000399
http://www.plosgenetics.org/article/info%3Adoi%2F10.1371%2Fjournal.pgen.1000399
http://www.plosgenetics.org/article/info%3Adoi%2F10.1371%2Fjournal.pgen.1000399
http://www.ncbi.nlm.nih.gov/pubmed/18519635
http://www.ncbi.nlm.nih.gov/pubmed/18519635
http://www.ncbi.nlm.nih.gov/pubmed/20886762
http://www.ncbi.nlm.nih.gov/pubmed/20886762
http://www.ncbi.nlm.nih.gov/pubmed/20886762
http://www.ncbi.nlm.nih.gov/pubmed/21471435
http://www.ncbi.nlm.nih.gov/pubmed/21471435
http://www.ncbi.nlm.nih.gov/pubmed/23332364
http://www.ncbi.nlm.nih.gov/pubmed/23332364
http://www.ncbi.nlm.nih.gov/pubmed/23332364
http://www.ncbi.nlm.nih.gov/pubmed/23332364
http://www.ncbi.nlm.nih.gov/pubmed/18520774
http://www.ncbi.nlm.nih.gov/pubmed/18520774
http://www.ncbi.nlm.nih.gov/pubmed/18520774
http://www.ncbi.nlm.nih.gov/pubmed/18520774
http://www.ncbi.nlm.nih.gov/pubmed/17963732
http://www.ncbi.nlm.nih.gov/pubmed/17963732
http://www.ncbi.nlm.nih.gov/pubmed/17963732
http://www.ncbi.nlm.nih.gov/pubmed/17963732
http://www.ncbi.nlm.nih.gov/pubmed/18607609
http://www.ncbi.nlm.nih.gov/pubmed/18607609
http://www.ncbi.nlm.nih.gov/pubmed/18607609
http://www.ncbi.nlm.nih.gov/pubmed/17469117
http://www.ncbi.nlm.nih.gov/pubmed/17469117
http://www.ncbi.nlm.nih.gov/pubmed/17469117
http://www.ncbi.nlm.nih.gov/pubmed/24252435
http://www.ncbi.nlm.nih.gov/pubmed/24252435
http://www.ncbi.nlm.nih.gov/pubmed/24252435
http://www.ncbi.nlm.nih.gov/pubmed/21720849
http://www.ncbi.nlm.nih.gov/pubmed/21720849
http://www.ncbi.nlm.nih.gov/pubmed/21720849
http://www.ncbi.nlm.nih.gov/pubmed/24226269
http://www.ncbi.nlm.nih.gov/pubmed/24226269
http://www.ncbi.nlm.nih.gov/pubmed/24226269
http://www.ncbi.nlm.nih.gov/pubmed/20411029
http://www.ncbi.nlm.nih.gov/pubmed/20411029
http://www.ncbi.nlm.nih.gov/pubmed/20411029

Citation:

Parkinsonism 4: 145. doi:10.4172/2161-0460.1000145

Borchelt RD, Xu G, Notterpek L, Lewis J (2014) Proteostasis and Secondary Proteinopathy in Alzheimer’s Disease. J Alzheimers Dis

Page 5 of 6

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Kouri N, Oshima K, Takahashi M, Murray ME, Ahmed Z, et al. (2013)
Corticobasal degeneration with olivopontocerebellar atrophy and
TDP-43 pathology: an unusual clinicopathologic variant of CBD.
ActaNeuropathol 125: 741-752.

Clippinger AK, D'Alton S, Lin WL, Gendron TF, Howard J, et al. (2013)
Robust cytoplasmic accumulation of phosphorylated TDP-43 in
transgenic models of tauopathy. ActaNeuropathol 126: 39-50.

Jankowsky JL, Savonenko A, Schilling G, Wang J, Xu G, et al. (2002)
Transgenic mouse models of neurodegenerative disease: opportunities
for therapeutic development. CurrNeurolNeurosci Rep 2: 457-464.

Xu G, Gonzales V, Borchelt DR (2002) Abeta deposition does not cause
the aggregation of endogenous tau in transgenic mice. Alzheimer Dis
AssocDisord 16: 196-201.

Samura E, Shoji M, Kawarabayashi T, Sasaki A, Matsubara E, et al. (2006)
Enhanced accumulation of tau in doubly transgenic mice expressing
mutant betaAPP and presenilin-1. Brain Res 1094: 192-199.

Noda-Saita K, Terai K, Iwai A, Tsukamoto M, Shitaka Y, et al. (2004)
Exclusive association and simultaneous appearance of congophilic
plaques and AT8-positive dystrophic neurites in Tg2576 mice suggest a
mechanism of senile plaque formation and progression of neuritic
dystrophy in alzheimer's disease. ActaNeuropathol 108: 435-442.

Kurt MA, Davies DC, Kidd M, Duff K, Howlett DR (2003)
Hyperphosphorylated tau and paired helical filament-like structures in
the brains of mice carrying mutant amyloid precursor protein and
mutant presenilin-1 transgenes. Neurobiol Dis 14: 89-97.

Masliah E, Sisk A, Mallory M, Games D (2001) Neurofibrillary pathology
in transgenic mice overexpressing V717F beta-amyloid precursor
protein. ] NeuropatholExpNeurol 60: 357-368.

Tomidokoro Y, Harigaya Y, Matsubara E, Ikeda M, Kawarabayashi T, et
al. (2001) Brain Abeta amyloidosis in APPsw mice induces accumulation
of presenilin-1 and tau. ] Pathol 194: 500-506.

Xu G, Stevens SM Jr, Moore BD, McClung S, Borchelt DR (2013)
Cytosolic proteins lose solubility as amyloid deposits in a transgenic
mouse model of Alzheimer-type amyloidosis. Hum Mol Genet 22:
2765-2774.

Xu G, Stevens SM Jr, Kobeissy F, Brown H, McClung S, et al. (2012)
Identification of proteins sensitive to thermal stress in human
neuroblastoma and glioma cell lines. PLoS One 7: e49021.

Lewis ], Dickson DW, Lin WL, Chisholm L, Corral A, et al. (2001)
Enhanced neurofibrillary degeneration in transgenic mice expressing
mutant tau and APP. Science 293: 1487-1491.

Umeda T, Maekawa S, Kimura T, Takashima A, Tomiyama T, et al.
(2014) Neurofibrillary tangle formation by introducing wild-type human
tau into APP transgenic mice. ActaNeuropathol 127: 685-698.

Chabrier MA, Cheng D1, Castello NA1, Green KN1, LaFerla FM2 (2014)
Synergistic effects of amyloid-beta and wild-type human tau on dendritic
spine loss in a floxed double transgenic model of Alzheimer's disease.
Neurobiol Dis 64: 107-117.

Héraud C, Goufak DI, Ando KI1, Leroy K1, Suain V1, et al. (2014)
Increased misfolding and truncation of tau in APP/PS1/tau transgenic
mice compared to mutant tau mice. Neurobiol Dis 62: 100-112.

Pooler AM, Polydoro M, Wegmann SK, Pitstick R, Kay KR, et al. (2013)
Tau-amyloid interactions in the rTgTauEC model of early Alzheimer's
disease suggest amyloid-induced disruption of axonal projections and
exacerbated axonal pathology. ] Comp Neurol 521: 4236-4248.

Rasool S, Martinez-Coria H, Milton S, Glabe CG (2013) Nonhuman
amyloid oligomer epitope reduces Alzheimer's-like neuropathology in
3xTg-AD transgenic mice. MolNeurobiol 48: 931-940.

Cohen RM, Rezai-Zadeh K, Weitz TM, Rentsendorj A, Gate D, et al.
(2013) A transgenic Alzheimer rat with plaques, tau pathology,
behavioral impairment, oligomeric af?>, and frank neuronal loss. ]
Neurosci 33: 6245-6256.

Chabrier MA, Blurton-Jones M, Agazaryan AA, Nerhus JL, Martinez-
Coria H, et al. (2012) Soluble al* promotes wild-type tau pathology in
vivo. ] Neurosci 32: 17345-17350.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Larson M, Sherman MA, Amar F, Nuvolone M, Schneider JA, et al.
(2012) The complex PrP(c)-Fyn couples human oligomeric AI* with
pathological tau changes in Alzheimer's disease. ] Neurosci 32:
16857-16871a.

Lasagna-Reeves CA, Castillo-Carranza DL, Sengupta U, Guerrero-
Munoz M], Kiritoshi T, et al. (2012) Alzheimer brain-derived tau
oligomers propagate pathology from endogenous tau. Sci Rep 2: 700.
Selenica ML, Brownlow M, Jimenez JP, Lee DC, Pena G, et al. (2013)
Amyloid oligomers exacerbate tau pathology in a mouse model of
tauopathy. Neurodegener Dis 11: 165-181.

Nussbaum JM, Schilling S, Cynis H, Silva A, Swanson E, et al. (2012)
Prion-like behaviour and tau-dependent cytotoxicity of pyroglutamylated
amyloid-I*. Nature 485: 651-655.

Roberson ED, Halabisky B, Yoo JW, Yao ], Chin J, et al. (2011) Amyloid-
1*/Fyn-induced synaptic, network, and cognitive impairments depend on
tau levels in multiple mouse models of Alzheimer's disease. ] Neurosci 31:
700-711.

Seino Y, Kawarabayashi T, Wakasaya Y, Watanabe M, Takamura A, et al.
(2010) Amyloid beta accelerates phosphorylation of tau and
neurofibrillary tangle formation in an amyloid precursor protein and tau
double-transgenic mouse model. ] Neurosci Res 88: 3547-3554.

Hurtado DE, Molina-Porcel L, Iba M, Aboagye AK, Paul SM, et al. (2010)
A{beta} accelerates the spatiotemporal progression of tau pathology and
augments tau amyloidosis in an Alzheimer mouse model. Am J Pathol
177:1977-1988.

Clinton LK, Blurton-Jones M, Myczek K, Trojanowski JQ, LaFerla FM
(2010) Synergistic Interactions between Abeta, tau, and alpha-synuclein:
acceleration of neuropathology and cognitive decline. ] Neurosci 30:
7281-7289.

Mastrangelo MA, Bowers W] (2008) Detailed immunohistochemical
characterization of temporal and spatial progression of Alzheimer's
disease-related pathologies in male triple-transgenic mice. BMC Neurosci
9: 81.

Bolmont T, Clavaguera F, Meyer-Luehmann M, Herzig MC, Radde R, et
al. (2007) Induction of tau pathology by intracerebral infusion of
amyloid-beta -containing brain extract and by amyloid-beta deposition
in APP x Tau transgenic mice. Am ] Pathol 171: 2012-2020.

Saul A, Sprenger F, Bayer TA, Wirths O (2013) Accelerated tau pathology
with synaptic and neuronal loss in a novel triple transgenic mouse model
of Alzheimer's disease. Neurobiol Aging 34: 2564-2573.

Ribé EM, Pérez M, Puig B, Gich I, Lim F, et al. (2005) Accelerated
amyloid deposition, neurofibrillary degeneration and neuronal loss in
double mutant APP/tau transgenic mice. Neurobiol Dis 20: 814-822.
Pérez M, Ribe E, Rubio A, Lim F, Mordn MA, et al. (2005)
Characterization of a double (amyloid precursor protein-tau) transgenic:
tau phosphorylation and aggregation. Neuroscience 130: 339-347.

Oddo S, Caccamo A, Kitazawa M, Tseng BP, LaFerla FM (2003) Amyloid
deposition precedes tangle formation in a triple transgenic model of
Alzheimer's disease. Neurobiol Aging 24: 1063-1070.

Go6tz J, Chen F, van Dorpe ], Nitsch RM (2001) Formation of
neurofibrillary tangles in P3011 tau transgenic mice induced by Abeta 42
fibrils. Science 293: 1491-1495.

Mao P, Reddy PH (2011) Aging and amyloid beta-induced oxidative
DNA damage and mitochondrial dysfunction in Alzheimer's disease:
implications for  early  intervention and  therapeutics.
BiochimBiophysActa 1812: 1359-1370.

Winton M]J, Lee EB, Sun E, Wong MM, Leight S, et al. (2011)
Intraneuronal APP, not free AI* peptides in 3xTg-AD mice: implications
for tau versus Ap-mediated Alzheimer neurodegeneration. ] Neurosci 31:
7691-7699.

Um JW, Nygaard HB, Heiss JK, Kostylev MA, Stagi M, et al. (2012)
Alzheimer amyloid-1* oligomer bound to postsynaptic prion protein
activates Fyn to impair neurons. Nat Neurosci 15: 1227-1235.

Clavaguera F1, Grueninger F, Tolnay M (2014) Intercellular transfer of
tau aggregates and spreading of tau pathology: Implications for
therapeutic strategies. Neuropharmacology 76 Pt A: 9-15.

J Alzheimers Dis Parkinsonism
ISSN:2161-0460 JADP, an open access journal

Volume 4 « Issue 3 « 1000145


http://www.ncbi.nlm.nih.gov/pubmed/23371366
http://www.ncbi.nlm.nih.gov/pubmed/23371366
http://www.ncbi.nlm.nih.gov/pubmed/23371366
http://www.ncbi.nlm.nih.gov/pubmed/23371366
http://www.ncbi.nlm.nih.gov/pubmed/23666556
http://www.ncbi.nlm.nih.gov/pubmed/23666556
http://www.ncbi.nlm.nih.gov/pubmed/23666556
http://www.ncbi.nlm.nih.gov/pubmed/12169227
http://www.ncbi.nlm.nih.gov/pubmed/12169227
http://www.ncbi.nlm.nih.gov/pubmed/12169227
http://www.ncbi.nlm.nih.gov/pubmed/12218652
http://www.ncbi.nlm.nih.gov/pubmed/12218652
http://www.ncbi.nlm.nih.gov/pubmed/12218652
http://www.ncbi.nlm.nih.gov/pubmed/16713590
http://www.ncbi.nlm.nih.gov/pubmed/16713590
http://www.ncbi.nlm.nih.gov/pubmed/16713590
http://www.ncbi.nlm.nih.gov/pubmed/15372280
http://www.ncbi.nlm.nih.gov/pubmed/15372280
http://www.ncbi.nlm.nih.gov/pubmed/15372280
http://www.ncbi.nlm.nih.gov/pubmed/15372280
http://www.ncbi.nlm.nih.gov/pubmed/15372280
http://www.ncbi.nlm.nih.gov/pubmed/13678670
http://www.ncbi.nlm.nih.gov/pubmed/13678670
http://www.ncbi.nlm.nih.gov/pubmed/13678670
http://www.ncbi.nlm.nih.gov/pubmed/13678670
http://www.ncbi.nlm.nih.gov/pubmed/11305871
http://www.ncbi.nlm.nih.gov/pubmed/11305871
http://www.ncbi.nlm.nih.gov/pubmed/11305871
http://www.ncbi.nlm.nih.gov/pubmed/11523060
http://www.ncbi.nlm.nih.gov/pubmed/11523060
http://www.ncbi.nlm.nih.gov/pubmed/11523060
http://www.ncbi.nlm.nih.gov/pubmed/23512986
http://www.ncbi.nlm.nih.gov/pubmed/23512986
http://www.ncbi.nlm.nih.gov/pubmed/23512986
http://www.ncbi.nlm.nih.gov/pubmed/23512986
http://www.ncbi.nlm.nih.gov/pubmed/23145051
http://www.ncbi.nlm.nih.gov/pubmed/23145051
http://www.ncbi.nlm.nih.gov/pubmed/23145051
http://www.ncbi.nlm.nih.gov/pubmed/11520987
http://www.ncbi.nlm.nih.gov/pubmed/11520987
http://www.ncbi.nlm.nih.gov/pubmed/11520987
http://www.ncbi.nlm.nih.gov/pubmed/24531886
http://www.ncbi.nlm.nih.gov/pubmed/24531886
http://www.ncbi.nlm.nih.gov/pubmed/24531886
http://www.ncbi.nlm.nih.gov/pubmed/24440055
http://www.ncbi.nlm.nih.gov/pubmed/24440055
http://www.ncbi.nlm.nih.gov/pubmed/24440055
http://www.ncbi.nlm.nih.gov/pubmed/24440055
http://www.ncbi.nlm.nih.gov/pubmed/24076100
http://www.ncbi.nlm.nih.gov/pubmed/24076100
http://www.ncbi.nlm.nih.gov/pubmed/24076100
http://www.ncbi.nlm.nih.gov/pubmed/23839581
http://www.ncbi.nlm.nih.gov/pubmed/23839581
http://www.ncbi.nlm.nih.gov/pubmed/23839581
http://www.ncbi.nlm.nih.gov/pubmed/23839581
http://www.ncbi.nlm.nih.gov/pubmed/23771815
http://www.ncbi.nlm.nih.gov/pubmed/23771815
http://www.ncbi.nlm.nih.gov/pubmed/23771815
http://www.ncbi.nlm.nih.gov/pubmed/23575824
http://www.ncbi.nlm.nih.gov/pubmed/23575824
http://www.ncbi.nlm.nih.gov/pubmed/23575824
http://www.ncbi.nlm.nih.gov/pubmed/23575824
http://www.ncbi.nlm.nih.gov/pubmed/23197725
http://www.ncbi.nlm.nih.gov/pubmed/23197725
http://www.ncbi.nlm.nih.gov/pubmed/23197725
http://www.ncbi.nlm.nih.gov/pubmed/23175838
http://www.ncbi.nlm.nih.gov/pubmed/23175838
http://www.ncbi.nlm.nih.gov/pubmed/23175838
http://www.ncbi.nlm.nih.gov/pubmed/23175838
http://www.ncbi.nlm.nih.gov/pubmed/23050084
http://www.ncbi.nlm.nih.gov/pubmed/23050084
http://www.ncbi.nlm.nih.gov/pubmed/23050084
http://www.ncbi.nlm.nih.gov/pubmed/22796753
http://www.ncbi.nlm.nih.gov/pubmed/22796753
http://www.ncbi.nlm.nih.gov/pubmed/22796753
http://www.ncbi.nlm.nih.gov/pubmed/22660329
http://www.ncbi.nlm.nih.gov/pubmed/22660329
http://www.ncbi.nlm.nih.gov/pubmed/22660329
http://www.ncbi.nlm.nih.gov/pubmed/21228179
http://www.ncbi.nlm.nih.gov/pubmed/21228179
http://www.ncbi.nlm.nih.gov/pubmed/21228179
http://www.ncbi.nlm.nih.gov/pubmed/21228179
http://www.ncbi.nlm.nih.gov/pubmed/20936700
http://www.ncbi.nlm.nih.gov/pubmed/20936700
http://www.ncbi.nlm.nih.gov/pubmed/20936700
http://www.ncbi.nlm.nih.gov/pubmed/20936700
http://www.ncbi.nlm.nih.gov/pubmed/20802182
http://www.ncbi.nlm.nih.gov/pubmed/20802182
http://www.ncbi.nlm.nih.gov/pubmed/20802182
http://www.ncbi.nlm.nih.gov/pubmed/20802182
http://www.ncbi.nlm.nih.gov/pubmed/20505094
http://www.ncbi.nlm.nih.gov/pubmed/20505094
http://www.ncbi.nlm.nih.gov/pubmed/20505094
http://www.ncbi.nlm.nih.gov/pubmed/20505094
http://www.ncbi.nlm.nih.gov/pubmed/18700006
http://www.ncbi.nlm.nih.gov/pubmed/18700006
http://www.ncbi.nlm.nih.gov/pubmed/18700006
http://www.ncbi.nlm.nih.gov/pubmed/18700006
http://www.ncbi.nlm.nih.gov/pubmed/18055549
http://www.ncbi.nlm.nih.gov/pubmed/18055549
http://www.ncbi.nlm.nih.gov/pubmed/18055549
http://www.ncbi.nlm.nih.gov/pubmed/18055549
http://www.ncbi.nlm.nih.gov/pubmed/23747045
http://www.ncbi.nlm.nih.gov/pubmed/23747045
http://www.ncbi.nlm.nih.gov/pubmed/23747045
http://www.ncbi.nlm.nih.gov/pubmed/16125396
http://www.ncbi.nlm.nih.gov/pubmed/16125396
http://www.ncbi.nlm.nih.gov/pubmed/16125396
http://www.ncbi.nlm.nih.gov/pubmed/15664690
http://www.ncbi.nlm.nih.gov/pubmed/15664690
http://www.ncbi.nlm.nih.gov/pubmed/15664690
http://www.ncbi.nlm.nih.gov/pubmed/14643377
http://www.ncbi.nlm.nih.gov/pubmed/14643377
http://www.ncbi.nlm.nih.gov/pubmed/14643377
http://www.ncbi.nlm.nih.gov/pubmed/11520988
http://www.ncbi.nlm.nih.gov/pubmed/11520988
http://www.ncbi.nlm.nih.gov/pubmed/11520988
http://www.ncbi.nlm.nih.gov/pubmed/21871956
http://www.ncbi.nlm.nih.gov/pubmed/21871956
http://www.ncbi.nlm.nih.gov/pubmed/21871956
http://www.ncbi.nlm.nih.gov/pubmed/21871956
http://www.ncbi.nlm.nih.gov/pubmed/21613482
http://www.ncbi.nlm.nih.gov/pubmed/21613482
http://www.ncbi.nlm.nih.gov/pubmed/21613482
http://www.ncbi.nlm.nih.gov/pubmed/21613482
http://www.ncbi.nlm.nih.gov/pubmed/22820466
http://www.ncbi.nlm.nih.gov/pubmed/22820466
http://www.ncbi.nlm.nih.gov/pubmed/22820466
http://www.ncbi.nlm.nih.gov/pubmed/24050961
http://www.ncbi.nlm.nih.gov/pubmed/24050961
http://www.ncbi.nlm.nih.gov/pubmed/24050961

Citation:

Parkinsonism 4: 145. d0i:10.4172/2161-0460.1000145

Borchelt RD, Xu G, Notterpek L, Lewis J (2014) Proteostasis and Secondary Proteinopathy in Alzheimer’s Disease. J Alzheimers Dis

Page 6 of 6

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Waxman EA, Giasson BI (2011) Induction of intracellular tau
aggregation is promoted by I+-synuclein seeds and provides novel
insights into the hyperphosphorylation of tau. ] Neurosci 31: 7604-7618.
Olzscha H, Schermann SM, Woerner AC, Pinkert S, Hecht MH, et al.
(2011) Amyloid-like aggregates sequester numerous metastable proteins
with essential cellular functions. Cell 144: 67-78.

Link CD (2005) Invertebrate models of Alzheimer's disease. Genes Brain
Behav 4: 147-156.

Magrané J, Rosen KM, Smith RC, Walsh K, Gouras GK, et al. (2005)
Intraneuronal beta-amyloid expression downregulates the Akt survival
pathway and blunts the stress response. ] Neurosci 25: 10960-10969.
Congdon EE, Wu JW, Myeku N, Figueroa YH, Herman M, et al. (2012)
Methylthioninium chloride (methylene blue) induces autophagy and
attenuates tauopathy in vitro and in vivo. Autophagy 8: 609-622.

Wang IF, Guo BS, Liu YC, Wu CC, Yang CH, et al. (2012) Autophagy
activators rescue and alleviate pathogenesis of a mouse model with
proteinopathies of the TAR DNA-binding protein 43. ProcNatlAcadSci
U S A 109: 15024-15029.

Majumder S, Richardson A, Strong R, Oddo S (2011) Inducing
autophagy by rapamycin before, but not after, the formation of plaques
and tangles ameliorates cognitive deficits. PLoS One 6: e25416.

Steele JW, Lachenmayer ML, Ju S, Stock A, Liken J, et al. (2013)
Latrepirdine improves cognition and arrests progression of
neuropathology in an Alzheimer's mouse model. Mol Psychiatry 18:
889-897.

Cortes CJ, Qin K, Cook J, Solanki A, Mastrianni JA (2012) Rapamycin
delays disease onset and prevents PrP plaque deposition in a mouse
model of Gerstmann-Straussler-Scheinker disease. ] Neurosci 32:
12396-12405.

Sarkar S, Davies JE, Huang Z, Tunnacliffe A, Rubinsztein DC (2007)
Trehalose, a novel mTOR-independent autophagy enhancer, accelerates
the clearance of mutant huntingtin and alpha-synuclein. ] BiolChem 282:
5641-5652.

Chen Y, Wang B, Liu D, Li J], Xue Y, et al. (2014) Hsp90 chaperone
inhibitor 17-AAG attenuates Al*-induced synaptic toxicity and memory
impairment. ] Neurosci 34: 2464-2470.

Batulan Z, Shinder GA, Minotti S, He BP, Doroudchi MM, et al. (2003)
High threshold for induction of the stress response in motor neurons is
associated with failure to activate HSF1. ] Neurosci 23: 5789-5798.

Shen HY, He JC, Wang Y, Huang QY, Chen JF (2005) Geldanamycin
induces heat shock protein 70 and protects against MPTP-induced
dopaminergic neurotoxicity in mice. ] BiolChem 280: 39962-39969.

Sun HH, Saheb-Al-Zamani M, Yan Y, Hunter DA, Mackinnon SE, et al.
(2012) Geldanamycin accelerated peripheral nerve regeneration in
comparison to FK-506 in vivo. Neuroscience 223: 114-123.

Kwon HM, Kim YJ, Ryu S, Yang SI, Lee SH, et al. (2009) Differential
expression of HSP70 mRNA in the mouse brain after treatment with
geldanamycin. Neurol Res 31: 541-544.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Pierce A, Wei R, Halade D, Yoo SE, Ran Q, et al. (2010) A Novel mouse
model of enhanced proteostasis: Full-length human heat shock factor 1
transgenic mice. BiochemBiophys Res Commun 402: 59-65.
Tebbenkamp AT, Borchelt DR (2010) Analysis of chaperone mRNA
expression in the adult mouse brain by meta analysis of the Allen Brain
Atlas. PLoS One 5: e13675.

Satyal SH, Chen D, Fox SG, Kramer JM, Morimoto RI (1998) Negative
regulation of the heat shock transcriptional response by HSBP1. Genes
Dev 12: 1962-1974.

Liu X, Xu L, Liu Y, Tong X, Zhu G, et al. (2009) Crystal structure of the
hexamer of human heat shock factor binding protein 1. Proteins 75: 1-11.
Eroglu B, Min JN2, Zhang Y3, Szurek E4, Moskophidis D5, et al. (2014)
An essential role for heat shock transcription factor binding protein 1
(HSBP1) during early embryonic development. DevBiol 386: 448-460.
Sittler A, Lurz R, Lueder G, Priller J, Lehrach H, et al. (2001)
Geldanamycin activates a heat shock response and inhibits huntingtin
aggregation in a cell culture model of Huntington's disease. Hum Mol
Genet 10: 1307-1315.

Graham B, Curry J, Smyth T, Fazal L, Feltell R, et al. (2012) The heat
shock protein 90 inhibitor, AT13387, displays a long duration of action
in vitro and in vivo in non-small cell lung cancer. Cancer Sci 103:
522-527.

Okawa Y, Hideshima T, Steed P, Vallet S, Hall S, et al. (2009) SNX-2112,
a selective Hsp90 inhibitor, potently inhibits tumor cell growth,
angiogenesis, and osteoclastogenesis in multiple myeloma and other
hematologic tumors by abrogating signaling via Akt and ERK. Blood 113:
846-855.

Wang Y, Trepel JB, Neckers LM, Giaccone G (2010) STA-9090, a small-
molecule Hsp90 inhibitor for the potential treatment of cancer.
CurrOpinlnvestig Drugs 11: 1466-1476.

Westerheide SD, Bosman JD, Mbadugha BN, Kawahara TL, Matsumoto
G, et al. (2004) Celastrols as inducers of the heat shock response and
cytoprotection. ] BiolChem 279: 56053-56060.

Gopalakrishnan R, Matta H, Chaudhary PM (2013) A purine scaffold
HSP90 inhibitor BIIB021 has selective activity against KSHV-associated
primary effusion lymphoma and blocks vFLIP K13-induced NF-kappaB.
Clin Cancer Res 19: 5016-5026.

Lundgren K, Zhang H, Brekken J, Huser N, Powell RE, et al. (2009)
BIIB021, an orally available, fully synthetic small-molecule inhibitor of
the heat shock protein Hsp90. Mol Cancer Ther 8: 921-929.

Eccles SA, Massey A, Raynaud FI, Sharp SY, Box G, et al. (2008) NVP-
AUY922: a novel heat shock protein 90 inhibitor active against xenograft
tumor growth, angiogenesis, and metastasis. Cancer Res 68: 2850-2860.
Brough PA, Aherne W, Barril X, Borgognoni J, Boxall K, et al. (2008) 4,5-
diarylisoxazole Hsp90 chaperone inhibitors: potential therapeutic agents
for the treatment of cancer. ] Med Chem 51: 196-218.

J Alzheimers Dis Parkinsonism
ISSN:2161-0460 JADP, an open access journal

Volume 4 « Issue 3 « 1000145


http://www.ncbi.nlm.nih.gov/pubmed/21613474
http://www.ncbi.nlm.nih.gov/pubmed/21613474
http://www.ncbi.nlm.nih.gov/pubmed/21613474
http://www.ncbi.nlm.nih.gov/pubmed/21215370
http://www.ncbi.nlm.nih.gov/pubmed/21215370
http://www.ncbi.nlm.nih.gov/pubmed/21215370
http://www.ncbi.nlm.nih.gov/pubmed/15810903
http://www.ncbi.nlm.nih.gov/pubmed/15810903
http://www.ncbi.nlm.nih.gov/pubmed/16306409
http://www.ncbi.nlm.nih.gov/pubmed/16306409
http://www.ncbi.nlm.nih.gov/pubmed/16306409
http://www.ncbi.nlm.nih.gov/pubmed/22361619
http://www.ncbi.nlm.nih.gov/pubmed/22361619
http://www.ncbi.nlm.nih.gov/pubmed/22361619
http://www.ncbi.nlm.nih.gov/pubmed/22932872
http://www.ncbi.nlm.nih.gov/pubmed/22932872
http://www.ncbi.nlm.nih.gov/pubmed/22932872
http://www.ncbi.nlm.nih.gov/pubmed/22932872
http://www.ncbi.nlm.nih.gov/pubmed/21980451
http://www.ncbi.nlm.nih.gov/pubmed/21980451
http://www.ncbi.nlm.nih.gov/pubmed/21980451
http://www.ncbi.nlm.nih.gov/pubmed/22850627
http://www.ncbi.nlm.nih.gov/pubmed/22850627
http://www.ncbi.nlm.nih.gov/pubmed/22850627
http://www.ncbi.nlm.nih.gov/pubmed/22850627
http://www.ncbi.nlm.nih.gov/pubmed/22956830
http://www.ncbi.nlm.nih.gov/pubmed/22956830
http://www.ncbi.nlm.nih.gov/pubmed/22956830
http://www.ncbi.nlm.nih.gov/pubmed/22956830
http://www.ncbi.nlm.nih.gov/pubmed/17182613
http://www.ncbi.nlm.nih.gov/pubmed/17182613
http://www.ncbi.nlm.nih.gov/pubmed/17182613
http://www.ncbi.nlm.nih.gov/pubmed/17182613
http://www.ncbi.nlm.nih.gov/pubmed/24523537
http://www.ncbi.nlm.nih.gov/pubmed/24523537
http://www.ncbi.nlm.nih.gov/pubmed/24523537
http://www.ncbi.nlm.nih.gov/pubmed/12843283
http://www.ncbi.nlm.nih.gov/pubmed/12843283
http://www.ncbi.nlm.nih.gov/pubmed/12843283
http://www.ncbi.nlm.nih.gov/pubmed/16210323
http://www.ncbi.nlm.nih.gov/pubmed/16210323
http://www.ncbi.nlm.nih.gov/pubmed/16210323
http://www.ncbi.nlm.nih.gov/pubmed/22835622
http://www.ncbi.nlm.nih.gov/pubmed/22835622
http://www.ncbi.nlm.nih.gov/pubmed/22835622
http://www.ncbi.nlm.nih.gov/pubmed/19036179
http://www.ncbi.nlm.nih.gov/pubmed/19036179
http://www.ncbi.nlm.nih.gov/pubmed/19036179
http://www.ncbi.nlm.nih.gov/pubmed/20920476
http://www.ncbi.nlm.nih.gov/pubmed/20920476
http://www.ncbi.nlm.nih.gov/pubmed/20920476
http://www.ncbi.nlm.nih.gov/pubmed/21060842
http://www.ncbi.nlm.nih.gov/pubmed/21060842
http://www.ncbi.nlm.nih.gov/pubmed/21060842
http://www.ncbi.nlm.nih.gov/pubmed/9649501
http://www.ncbi.nlm.nih.gov/pubmed/9649501
http://www.ncbi.nlm.nih.gov/pubmed/9649501
http://www.ncbi.nlm.nih.gov/pubmed/18767159
http://www.ncbi.nlm.nih.gov/pubmed/18767159
http://www.ncbi.nlm.nih.gov/pubmed/24380799
http://www.ncbi.nlm.nih.gov/pubmed/24380799
http://www.ncbi.nlm.nih.gov/pubmed/24380799
http://www.ncbi.nlm.nih.gov/pubmed/11406612
http://www.ncbi.nlm.nih.gov/pubmed/11406612
http://www.ncbi.nlm.nih.gov/pubmed/11406612
http://www.ncbi.nlm.nih.gov/pubmed/11406612
http://www.ncbi.nlm.nih.gov/pubmed/22181674
http://www.ncbi.nlm.nih.gov/pubmed/22181674
http://www.ncbi.nlm.nih.gov/pubmed/22181674
http://www.ncbi.nlm.nih.gov/pubmed/22181674
http://www.ncbi.nlm.nih.gov/pubmed/18948577
http://www.ncbi.nlm.nih.gov/pubmed/18948577
http://www.ncbi.nlm.nih.gov/pubmed/18948577
http://www.ncbi.nlm.nih.gov/pubmed/18948577
http://www.ncbi.nlm.nih.gov/pubmed/18948577
http://www.ncbi.nlm.nih.gov/pubmed/21154128
http://www.ncbi.nlm.nih.gov/pubmed/21154128
http://www.ncbi.nlm.nih.gov/pubmed/21154128
http://www.ncbi.nlm.nih.gov/pubmed/15509580
http://www.ncbi.nlm.nih.gov/pubmed/15509580
http://www.ncbi.nlm.nih.gov/pubmed/15509580
http://www.ncbi.nlm.nih.gov/pubmed/23881928
http://www.ncbi.nlm.nih.gov/pubmed/23881928
http://www.ncbi.nlm.nih.gov/pubmed/23881928
http://www.ncbi.nlm.nih.gov/pubmed/23881928
http://www.ncbi.nlm.nih.gov/pubmed/19372565
http://www.ncbi.nlm.nih.gov/pubmed/19372565
http://www.ncbi.nlm.nih.gov/pubmed/19372565
http://www.ncbi.nlm.nih.gov/pubmed/18413753
http://www.ncbi.nlm.nih.gov/pubmed/18413753
http://www.ncbi.nlm.nih.gov/pubmed/18413753
http://www.ncbi.nlm.nih.gov/pubmed/18020435
http://www.ncbi.nlm.nih.gov/pubmed/18020435
http://www.ncbi.nlm.nih.gov/pubmed/18020435

	Contents
	Proteostasis and Secondary Proteinopathy in Alzheimer’s Disease
	Abstract
	Keywords:
	Introduction
	Modeling Alzheimer-amyloidosis in mice
	Modeling AD secondary pathologies in mice
	Prospects for therapeutic intervention
	Acknowledgements
	References


