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Allosteric heat shock protein 70 inhibitors rapidly rescue
synaptic plasticity deficits by reducing aberrant tau

Jose Abisambraa,*, Umesh K. Jinwalb,*, Yoshinari Miyatac, Justin Rogersd, Laura Blaira,
Xiaokai Lic, Sandlin P. Seguine, Li Wanga, Ying Jina, Justin Bacona, Sarah Bradya, Matthew
Cockmana, Chantal Guidia, Juan Zhanga, John Korena, Zapporah T. Youngc, Christopher A.
Atkinsa, Bo Zhanga, Lisa Y. Lawsona, Edwin J. Weeberd, Jeffrey L. Brodskye, Jason E.
Gestwickic, and Chad A. Dickeya

aDepartment of Molecular Medicine, USF Health Byrd Alzheimer’s Institute, University of South
Florida; Tampa, FL, 33613, USA
bDepartment of Pharmaceutical Sciences, USF Health Byrd Alzheimer’s Institute, University of
South Florida; Tampa, FL, 33613, USA
cLife Sciences Institute and Departments of Pathology and Biological Chemistry, University of
Michigan; Ann Arbor, MI, 48109, USA
dDepartment of Molecular Pharmacology and Physiology, USF Health Byrd Alzheimer’s Institute,
University of South Florida; Tampa, FL, 33613, USA
eDepartment of Biological Sciences, University of Pittsburgh, Pittsburgh, PA 15260

Abstract
Background—The microtubule associated protein tau accumulates in neurodegenerative
diseases known as tauopathies, the most common being Alzheimer’s disease (AD). One way to
treat these disorders may be to reduce abnormal tau levels through chaperone manipulation, thus
subverting synaptic plasticity defects caused by tau’s toxic accretion.

Methods—Tauopathy models were used to study the impact of YM-01 on tau. YM-01 is an
allosteric promoter of triage functions of the most abundant variant of the Hsp70 family in the
brain, Hsc70. The mechanisms by which YM-01 modified Hsc70 activity and tau stability were
evaluated with biochemical methods, cell cultures and primary neuronal cultures from tau
transgenic mice. YM-01 was also administered to acute brain slices of tau mice; changes in tau
stability and electrophysiological correlates of learning and memory were measured.

Results—Tau levels were rapidly and potently reduced in vitro and ex vivo upon treatment with
nanomolar concentrations of YM-01. Consistent with Hsc70 having a key role in this process,
over-expression of Hsp40 (DNAJB2), an Hsp70 co-chaperone, suppressed YM-01 activity. In
contrast to its effects in pathogenic tauopathy models, YM-01 had little activity in ex vivo brain
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slices from normal, wildtype mice unless microtubules were disrupted, suggesting that Hsc70 acts
preferentially on abnormal pools of free tau. Finally, treatment with YM-01 increased long-term
potentiation in from tau transgenic brain slices.

Conclusions—Therapeutics that exploit the ability of chaperones to selectively target abnormal
tau can rapidly and potently rescue the synaptic dysfunction that occurs in AD and other
tauopathies.
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Introduction
Abnormal tau accumulation in the brain is a critical contributing factor to pathogenesis in
more than fifteen neurodegenerative diseases, including traumatic brain injury (TBI) and
Alzheimer’s disease (AD) (1–9). Early pathological assessments link the cognitive decline
that occurs in these diseases to synaptic plasticity defects, such as dystrophic neurites and
neuropil threads (10). This hypothesis of altered synaptic activity in AD has more recently
been confirmed by studies showing that the amyloid β (Aβ) peptide impairs axonal transport
in conjunction with tau (11). Moreover, post-synaptic defects linked to disease progression
are also evident in AD and tauopathy models (12–15). The main source thought to
contribute to this synaptic dysfunction is not pathological tau tangles, but rather soluble tau
intermediates. Aβ can generate this abnormal tau in AD, splice errors in tauopathies, or
over-expression in transgenic tau models. In fact, a number of studies have shown that
neuronal and cognitive defects of AD and mouse models of tauopathy can be reversed by
genetically reducing soluble tau intermediates instead of stopping or reversing tau
aggregation (8, 11, 16–20). Finding ways to chemically reduce these soluble tau
intermediates would be beneficial as potential therapeutic strategies for AD and other
tauopathies.

One way of controlling tau reduction may lie in affecting triage for tau degradation. Normal
tau homeostasis is in part maintained through the actions of heat shock protein 70 variants.
The inducible for of Hsp70 is termed Hsp72 and the constitutively expressed form of Hsp70
is termed heat shock cognate 70 protein (Hsc70) (21–23). These proteins are very similar
structurally, but they are regulated in different ways. Hsp72 and Hsc70 cooperate with
distinct subsets of co-chaperones to differentially affect whether aggregation-prone or
misfolded tau should be degraded or retained. Although Hsp72 can facilitate tau
degradation, the vast majority of tau in the brain is controlled by the more abundant Hsc70
(23). Unlike Hsp72, Hsc70 actually slows tau clearance, particularly after microtubule
disruption (21–23). Altering the association of tau with Hsc70 could facilitate tau
degradation; consistent with this idea, we have recently found that first generation general
Hsp70 protein inhibitors, such as methylene blue (MB), rapidly reduce tau levels (22, 24–
26) and partially suppress learning defects in the rTg4510 tauopathy mouse model (17, 26).
Although these initial results were encouraging, the first generation compounds lacked
sufficient selectivity.

The search for more potent and selective inhibitors yielded MKT-077, which has also been
extensively studied as an anti-cancer agent (27, 28). The compound was shown to bind to an
allosteric site on Hsc70 and stabilize the ADP-bound form of the chaperone (29). The
binding site of MKT-077 is highly conserved amongst members of the Hsp70 family of
chaperones; this molecule appears to bind Hsc70, mitochondrial Hsp70 (mtHsp70,
mortalin), as well as other family members (27, 29, 30). An analog of MKT-077, YM-01,
was recently found to have much more potent anti-cancer activity in tamoxifen-resistant
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cancer cell lines, based on cytoplasmic localization (31). Together, these observations
suggest that MKT-077 and YM-01 might be valuable chemical probes to explore the
relationship between Hsc70 and tau homeostasis and to test the potential of this chaperone
as a drug target in tauopathy.

Based on these data, we predicted that YM-01 inhibition could promote tau clearance in tau
transgenic models. Not only did YM-01 reduce tau potently in cell models at sub-
micromolar concentrations, but also the reductions were extremely rapid, occurring within
the first 60 minutes of treatment in brain tissue. Further, YM-01 significantly improved
long-term potentiation (LTP) in the rTg4510 transgenic model of tauopathy within this 60-
minute window. This compound had little effect on tau levels in brain slices from wildtype
mice unless microtubules were damaged, suggesting that YM-01 takes advantage of the
normal triage activity of Hsc70 to selectively promote the degradation of pathogenic tau.
This finding has important implications for the expected safety of this class of small
molecules and provides a new mechanism-of-action (MoA) for exploration. These results
also show that abnormal tau is poised for clearance, but Hsc70 subverts this fate, further
implicating Hsc70 as therapeutic target for AD and tauopathies.

Materials and Methods
Antibodies and Reagents

PHF1 tau antibody (pS396/S404) was provided by Dr. Peter Davies. Tau5 was provided by
Dr. Lester Binder. Hsc70 antibody was purchased from Stressgen. Total tau antibody was
purchased from Santa Cruz Biotechnology. Flag and actin antibodies, phenylmethylsulfonyl
fluoride (PMSF), phosphatase inhibitor cocktails (I & III), mammalian protease inhibitor
and nocodazole were purchased from Sigma. GAPDH antibody was from Biodesign
International. M-PER was used as cell lysis buffer and purchased from Fisher Scientific.
Secondary antibodies were purchased from Southern Biotech Inc. Lipofectamine 2000 was
purchased from Invitrogen. Plasmids for human Hsc70 and DnaJ proteins were generated
using pCMV6 vector with a FLAG tag where indicated (Origene). All tau clones were in
pCDNA3.1 plasmid. Epoxomicin was purchased from ELAN pharmaceuticals.

Single-Turnover ATPase Activity
Single turnover ATPase assays were performed using a purified Hsp70 chaperone, Ssa1,
which was pre-bound to α32P-ATP, as described (32). The compound or the vehicle control
(DMSO) were incubated with the chaperone and reaction aliquots were removed at the
indicated times. Select reactions also contained a fusion protein containing the J-domain of
Hlj1, which exhibits promiscuous and robust activation of every Hsp/c70 examined (33, 34).

Compound synthesis
Compounds MKT-077 and YM-01 were synthesized and characterized as previously
described (28, 30). The inactive control compound, YM-18, was synthesized by a similar
synthetic method (Figure S1) and its characterization is shown in the Supplemental
Information (Figures S2 and S3).

Cell Culture and Immunoblotting
Human neuroblastoma BE(2)M17, HeLa, and HeLa cells stably-transfected with tau
(HeLaC3) (35) were maintained in OptiMEM media supplemented with 10% heat
inactivated FBS and 1% penicillin/streptomycin antibiotic solution. Primary cortical
neuronal cultures were developed from P0 mouse pups and maintained in neurobasal media
with B27 supplement. All transfections were performed using Lipofectamine 2000 reagent
(Invitrogen) as previously described (36). Transfected cells were harvested using M-PER
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buffer (Fisher Scientific) supplemented with mammalian protease inhibitor, phosphatase
Inhibitor cocktails I & III, and PMSF. Samples were processed for immunoblotting as
described earlier (36). Briefly, protein concentration was estimated using BCA assays
(Pierce) and 20μg of protein for each sample were loaded in each well of NuPAGE gels
(Invitrogen). Gels were transferred onto PVDF membranes, which were blocked for 60 min
in 7% milk solution. Primary antibodies were incubated with the membranes overnight at
4°C. Protein signals were evidenced using chemiluminescence reaction (Pierce ECL).

Mice
All animal studies were approved by the University of South Florida’s Institutional Animal
Care and Use Committee and abided by that Committee’s Policies on Animal Care and Use
in accordance with the Guide for the Care and Use of Laboratory Animals, the Animal
Welfare Regulations Title 9 Code of Federal Regulations Subchapter A, “Animal Welfare”,
Parts 1–3, and the Public Health Service Policy on Humane Care and Use of Laboratory
Animals. This USF program and the facilities for animal care and use are fully accredited by
the Association for Assessment and Accreditation of Laboratory Animal Care International.
The animals are in standard housing on a 12-hour light dark cycle and have food and water
ad lib. The rTg4510 and parental mice were maintained and genotyped as described
previously (18).

Slice cultures and electrophysiology
Mice were decapitated and brains were rapidly removed and briefly submerged in ice-cold
cutting solution (110 mM sucrose, 60 mM NaCl, 3 mM KCl, 1.25 mM NaH2PO4, 28 mM
NaHCO3, 0.5 mM CaCl2, 5 mM D-glucose, and 0.6 mM ascorbate). All solutions were
saturated with 95% O2 and 5% CO2. Whole brains were dissected on cutting solution-
soaked filter paper and mounted on a glass platform resting on ice. Hippocampal slices (400
μm) for electrophysiology and cortical slices for biochemistry were prepared on a vibratome
and allowed to equilibrate in a 50% cutting saline and 50% artificial cerebrospinal fluid
solution (aCSF; 125 mM NaCl, 2.5 mM KCl, 1.24 mM NaH2PO4, 25 mM NaHCO3, 10 mM
D-glucose, 2 mM CaCl2, and 1 mM MgCl2) at room temperature for a minimum of 10 min.
For biochemical studies, cortical slices were treated as indicated for ~4 hours unless
otherwise noted and harvested for Western blot. Electrophysiology experiments were
performed as previously described (20). Slices were transferred to an interface chamber
supported by a nylon mesh and allowed to recover for a minimum of 1.5 h prior to
recording. Slices were perfused in aCSF at 1 ml/min. Field excitatory post-synaptic
potentials (fEPSPs) were obtained from area CA1 stratum radiatum. Stimulation was
supplied with a bipolar Teflon-coated platinum electrode and recordings were obtained
using a glass microelectrode filled with aCSF (resistance 1–4 mΩ). fEPSPs were generated
using a 0.1 msec biphasic pulse delivered every 20 s. After a consistent response to a voltage
stimulus was established for 5–10 min, the threshold voltage for evoking a fEPSP was
determined and the voltage was then increased incrementally by 0.5 mV until the maximum
amplitude of the fEPSP was reached. The data were used to create the I/O curve. A fEPSP
baseline response, defined as 50% of the stimulus voltage used to produce the maximum
fEPSP amplitude as determined by the I/O curve, was then recorded for 20 min. aCSF
containing YM-01 or vehicle was then infused in the system at the same rate of 1 ml/min.
Another fEPSP baseline was recorded for 40 min. The brain slices were exposed to the
treatment 20 min post-baseline until completion of the experiment (~80 minutes total). The
tetanus used to evoke CA1 LTP was a theta-burst stimulation (tbs) protocol, consisting of
five trains of four pulse bursts at 200 Hz separated by 200 ms, repeated six times with an
inter-train interval of 10 s. Following tbs, fEPSPs evoked by baseline stimulus were
recorded for 60 min. Potentiation was measured as the normalized increase of the mean
fEPSP descending slope following tbs normalized to the mean fEPSP descending slope for
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the duration of the baseline recording. Experimental results were obtained from slices that
exhibited stable baseline synaptic transmission for a minimum of 20 min before the delivery
of the LTP-inducing stimulus. Individual signals that were one standard deviation from the
mean were considered outliers and removed from the data set. 2-way ANOVA analysis with
Bonferroni post-test was used to determine significance between the slopes of each
condition.

Results
To explore whether YM-01 or MKT-077 (Fig. 1A) might be valuable probes for further
exploration, we first compared their abilities to inhibit ATP turnover by an Hsp70-Hsp40
system in vitro. In these studies, both MKT-077 and YM-01 inhibited the ATPase activity of
Hsp70-Hsp40, with no significant activity against the Hsp70 alone (Fig. 1B). This activity is
consistent with the known allosteric mechanism of MKT-077 (29). Thus, in vitro these
compounds were largely equivalent. However, MKT-077 localizes to the mitochondria (27,
31), whereas most Hsc70 and tau is cytosolic. Recently, we found that YM-01 has improved
cytosolic localization (31). These observations suggested that YM-01 might be better
positioned to act through Hsc70 to reduce tau levels. Indeed, in side-by-side comparisons in
HeLaC3 cells that stably over-express tau, YM-01 had improved potency compared to
MKT-077, reducing tau at sub-micromolar concentrations (EC50 ~ 0.9 μM; ~8-fold better
than MKT-077) (Fig. 1C). Based on these results, we selected YM-01 for further testing in
cellular and animal tauopathy models.

In the Be(2)-M17 neuronal cells and HeLaC3 cells, YM-01 dramatically reduced tau levels
by ~75% with EC50 values between 1.5 and 0.9 μM (Fig. 2A and B). In primary
hippocampal neurons derived from rTg4510 tau transgenic mice, YM-01 also reduced tau
levels by ~65% with an EC50 value of ~6 μM (Fig. 2C). The loss of tau in these cells was
rapid, with significant reduction observed after only 15 minutes post-YM-01 (10 μM)
addition (Fig. 2D). The rapid reduction of tau prompted us to test compound efficacy in
brain slice cultures from rTg4510 tau transgenic mice (20, 22). In this model, YM-01
reduced phospho-tau and total tau levels by more than 70% after 4 hours (Fig. 3A).
Moreover, tau reductions were evident in brain slices from rTg4510 mice between 20 and 60
minutes of YM-01 treatment (Fig. 3B).

Any therapy for tauopathies should ideally demonstrate selective reduction of pathogenic
tau, with less impact on functional, cycling tau. To understand whether YM-01 affected
normal tau, we tested its activity in slice cultures from wildtype mice. In this model, YM-01
had a more mild effect, reducing tau levels by 40% at very high concentrations (100 μM;
Fig. 3C). One way to mimic tau pathology is to treat with microtubule destabilizers, such as
nocodazole, which artificially increase the pool of free tau and enhance Hsc70 recognition
(37). Combining YM-01 with nocodazole caused the compound to trigger tau loss in the
wildtype slice cultures (Fig. 3C). These results suggest that a major function of YM-01 is to
promote the normal triage functions of Hsc70, focusing the chaperone on potentially
proteotoxic, free tau.

We then explored the mechanism of tau clearance by YM-01. The proteasome inhibitor
epoximicin (Epox), blocked YM-01-mediated loss of tau in HeLaC3 cells (Fig. 4A) and
hippocampal neurons from transgenic mice (Fig. 4B), suggesting that YM-01 directs Hsc70
to shuttle tau to the proteasome for degradation. Next, we explored the effects of Hsp40
(DnaJB2) on the activity of YM-01. Hsp40 co-chaperones stimulate the ATPase activity of
Hsp70s (38) and, in vitro, we had found that YM-01 inhibited ATP turnover by the Hsp70-
Hsp40 complex, but not free Hsp70 (see Fig. 1B). These findings suggest that the compound
acts on the Hsc70-Hsp40 complex and that over-expression of Hsp40 might partially
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suppress the activity of YM-01. Indeed, over-expression of Flag-DnaJB2 in cells over-
expressing tau for 48 hours suppressed YM-01 activity at 3 μM (Fig. 5). However, over-
expression of another Hsp40 variant, DnaJB1, significantly reduced tau levels by itself and
did suppress YM-01 activity (Fig. 5). Together, these results suggest that YM-01 acts
through the Hsp70-Hsp40 system to promote proteasomal degradation of tau, but the
specific Hsp40 component might tune this activity.

An important goal of this study is to better understand the suitability of Hsc70 as a potential
drug target for tauopathies. Therefore, we wished to evaluate whether YM-01 could improve
neuronal function in a tau mouse model (20). Toward that goal, we evaluated the effects of
YM-01 on long-term potentiation (LTP) in the rTg4510 mice. These mice develop robust
LTP deficits by as early as three months of age (20). Acute hippocampal slices from 3.5-
month-old rTg4510 and non-transgenic littermate control mice (Non) were treated with
YM-01 (30 μM) for 20 minutes prior to theta burst stimulation and then maintained in
YM-01 or vehicle solution for an additional hour. YM-01-treated slices from rTg4510 mice
showed an improvement in LTP deficits compared to vehicle-treated rTg4510 mice (Fig.
6A). No change in potentiation was observed in wildtype slices following YM-01 treatment
(Fig. 6B). Conversely, slices from rTg4510 mice treated with an inactive control compound,
YM-18, had no effect (see Fig. S3B in the Supplement). These data strongly suggest that
LTP rescue by YM-01 was caused by acute tau reduction. These results suggest that
reducing pathogenic tau intermediates by promoting Hsc70-mediated triage may be a viable
strategy to improve neuronal function in tauopathies.

Discussion
Reducing tau levels as a therapeutic strategy is not without controversy. While several
studies suggest that reducing tau could be advantageous, others show that a complete loss of
tau can have toxic consequences. Tau knockout mice in certain genetic backgrounds seem
quite normal (39), and restored memory function was evident when they were crossed with
amyloid-based AD mouse models (8). However, humans with chromosomal deletions
encompassing the MAPT gene exhibit severe mental retardation (40). Loss of tau has also
been associated with iron retention, potentially contributing to toxic neuronal iron deposits
in tauopathies (41) and axonal degeneration (42). These dichotic results have led most drug
discovery efforts to focus on the abnormal tau species, such as phosphorylated or aggregated
forms of the protein (43–48).

The Hsp70 chaperone system seems intrinsically capable of discriminating between
functional, microtubule-bound tau and abnormal, free tau (37). All Hsp70 variants are able
to recognize free tau because the binding site is located within the microtubule binding
domain (23, 49). Therefore when tau is engaged with microtubules, it is inaccessible to
Hsp70 proteins. Moreover, phosphorylation sites that alter the association of tau with
microtubules have also been shown to influence its interaction with chaperones (21, 37).
While this suggests a common mechanism for binding to tau, distinct Hsp70 variants control
whether tau is triaged for degradation or preserved in the cell despite their structural
similarities. For example, the inducible variant of the Hsp70 family, termed Hsp72, has high
binding affinity for tau and promotes its association with pro-degradation co-factors, yet it is
expressed at very low levels in the brain (23). Conversely, the main constitutively expressed
variant of the Hsp70 family, termed Hsc70, is highly expressed in the brain and preserves
tau despite its reduced affinity for tau. This suggests that Hsc70 is a major contributor to tau
accumulation and possibly its pathogenesis. Whether tau is degraded or preserved by this
Hsc70 complex depends on its association with specific co-chaperones, such as TPR-
containing proteins (i.e. CHIP, FKBP51, etc) and distinct members of the DnaJ family (36,
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50) (51). These co-chaperones may be the key for successful drug design targeting the
Hsc70 complex, as suggested by our results with YM-01.

YM-01, despite increasing the affinity of Hsc70 for tau by stabilizing the ADP-bound
conformation (52), enables Hsc70 to promote tau degradation. Thus, Hsc70 is able to locate
and recognize abnormal tau, but is for some reason unable to process tau for degradation on
its own. YM-01 seems to simply provide guidance to Hsc70, in the form of changing its co-
chaperone repertoire or its structure in some way. This would not be the first time that a
chaperone was incapable of properly triaging a disease-associated client protein. Aha1
mistakenly triages the mutant cystic fibrosis transmembrane receptor (CFTR) towards
degradation despite its ability to still sufficiently function (53). Grp94 mistakenly interacts
with mutant myocilin, a protein that causes glaucoma, allowing it to accumulate and form
amyloids (51). In this way, chaperones like Hsc70 may be incapable of properly triaging a
subset of abnormal clients, contributing to the manifestation of disease.

Our data also indicate that YM-01 will be a useful research tool to study the role of Hsc70 in
tau homeostasis and quality control. In addition, this molecule serves as a lead for further
preclinical development. Deployment of this idea will require optimization of its potency
and pharmacokinetic properties, as well as overcoming the challenge of blood-brain barrier
(BBB) permeability and the renal toxicity that have hindered development of MKT-077 (27,
54, 55). Another difficulty is that rhodacyanines represent a significant obstacle for
medicinal chemistry efforts, given their functional group density and light sensitivity (56–
59). In addition, due to the promiscuous nature of Hsp70 family members, there are
concerns about the potential toxicity of an approach that targets these proteins. Despite these
challenges, YM-01 rapidly and potently depleted Akt levels in breast cancer lines, inducing
cytotoxicity; however Akt levels were unaffected by YM-01 in immortalized control lines
and no toxicity was evident (31). YM-01 can also selectively target poly–glutamine
expanded androgen receptor, preserving neuronal function (30). Therefore, it appears that
targeting Hsp70 proteins may be similar to Hsp90 inhibitors, in that they can selectively
target only aberrant proteins in diseased tissues (21, 60).

The current findings define an intracellular MoA that is intriguing. The allosteric binding
site of MKT-077 is known (29) and it seems likely that additional scaffolds targeting this
region may share the ability of YM-01 to promote triage functions associated with Hsc70.
Cell- or tissue-based assays of tau levels may be a particularly appropriate platform to
screen and identify these molecules. Together, these studies clearly identify Hsc70 as a
promising drug target in tauopathies. Moreover, they provide an interesting, new MoA that
may exploit natural tendencies in the chaperone-mediated quality control system to
selectively reduce pathogenic tau levels. Allosteric molecules, such as YM-01, might
promote the right “decision” and restore normal tau homeostasis.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Synthesis and evaluation of MKT-077 and YM-01
(A) Chemical structures of MKT-077 and YM-01. Both compounds were synthesized and
characterized as previously described (30). (B) MKT-077 and YM-01 (50 μM) reduce the
ATPase activity of yeast Hsc70-Hsp40 system (see Materials and Methods for details).
Results are the average of triplicates and error bars represent standard deviations. (C)
YM-01 reduces total tau levels in HeLaC3 cells at sub-micromolar concentrations. Half
maximal values (EC50) were approximately 0.9 μM for YM-01 and 8 μM for MKT-077.
Results are representative of experiments performed in at least independent triplicates.
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Figure 2. YM-01 rapidly and potently reduces tau levels in cell models and primary neurons
from tau transgenic mice
(A) Representative Western blot of lysates from M17 cells. Quantifications of endogenous
tau levels, normalized to the actin loading control and shown as a percentage of the mock-
treated control, are shown. Cells were treated with YM-01 for 24 hours. (B) Representative
Western blot of lysates from HeLaC3 cells over-expressing tau. Quantifications of tau
levels, normalized to the actin loading control and shown as a percentage of the mock-
treated control, are shown. Cells were treated for 24 hours. (C) Representative Western blot
of lysates from primary neurons derived from tau transgenic mice treated with the indicated
concentrations of YM-01 for 24 hours. (D) Representative Western blot of M17 neuronal
cells treated with YM-01 (10μM) for 0, 15 or 60 minutes. Tau levels were reduced within 15
minutes.
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Figure 3. YM-01 rapidly and potently reduces tau levels in ex vivo slice cultures from tau
transgenic mice and nocodazole-treated wildtype mice
(A and B) Representative Western blots and quantification graph of ex vivo slice cultures
from rTg4510 tau transgenic brains treated with indicated concentrations of YM-01 for 4
hours (A) or with 30μM YM-01 for the indicated times (B). Bands correspond to pS396/
S404 (A) and total tau bands (A and B). (C) Tau levels as measured by Western blot in brain
slices from non-transgenic mice treated with nocodazole (50 μM) for 30 minutes followed
by YM-01 for 4 hours. Quantification of tau levels is shown as a percentage of vehicle-
treated slices ± standard deviation (SD) after actin normalization.
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Figure 4. YM-01 reduces tau levels by a mechanism dependent on Hsc70 and the proteasome
(A) Representative Western blots from HeLa cells over-expressing tau, treated with YM-01
and the proteasome inhibitor epoxomycin (Epox) (400 nM) for 4 hrs. Results are the average
of triplicates and the error bars represent standard deviations. (B) Representative Western
blots of neuronal M17 cells treated with YM-01. Quantification of tau levels is shown as a
percentage of vehicle (0) treated cells ± standard deviation after GAPDH normalization.
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Figure 5. Hsp40 (DnaJB2) suppresses YM-01 efficacy in a cell model of tau accumulation
Representative M17 neuronal cells were transfected with DnaJB1 or DnaJB2 for 48 hours
and then treated with 3 μM YM1 for 1 hour. Vec indicates empty vector transfection.
Quantification shows the values for tau levels as a percent of each vehicle (Veh) control
after GAPDH normalization ± standard deviation. DnaJB1 significantly reduced tau by 55%
(p<0.0005).
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Figure 6. LTP deficits in rTg4510 mice are rescued with YM-01 treatment
Graphical representation of electrophysiology experiments in hippocampal slices of 3.5
month old (A) rTg4510 and (B) non-transgenic wildtype mice. After recording baseline
signal for 20 min, hippocampal slices were perfused with 30μm YM-01 or vehicle control in
aCSF continuously for the remainder of the experiment. Baseline signal was recorded for 20
min, LTP was induced with TBS (5 bursts of 200 Hz separated by 200 ms, repeated 6 times
with 10 s between the 6 trains), and LTP was recoded for 60 min. Changes in fEPSP slope
are expressed as a percentage of baselines. (A) Gray circles and white boxes represent
fEPSP traces of YM-01- (n=9) or vehicle-treated (n=16) hippocampal slices from 3.5 month
old tau transgenic mice. (B) Gray circles and white boxes correspond to fEPSP traces of
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YM-01- (n=4) or vehicle-treated (n=7) hippocampal slices from 3.5 month old non-
transgenic mice. Statistical analysis was performed using a 2-way ANOVA with Bonferroni
post-test. Tau transgenic hippocampi treated with YM-01 displayed a significantly different
LTP curve compared to vehicle-treated transgenic controls (***p=0.00097). LTP slopes for
non-transgenic hippocampi were not significantly different (p=0.98). Gray traces represent
baseline recordings, while black traces correspond to representative LTP recordings of each
condition.
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