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Low dose Hsp90 inhibitor 17AAG protects neural progenitor cells
from ischemia induced death
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Abstract Stress adaptation effect provides cell protection
against ischemia induced apoptosis. Whether this mechanism
prevents other types of cell death in stroke is not well studied.
This is an important question for regenerative medicine to
treat stroke since other types of cell death such as necrosis
are also prominent in the stroke brain apart from apoptosis.
We report here that treatment with 17-N-Allylamino-17-
demethoxygeldanamycin (17AAG), an Hsp90 inhibitor,
protected neural progenitor cells (NPCs) against oxygen glu-
cose deprivation (OGD) induced cell death in a dose depen-
dent fashion. Cell death assays indicated that 17AAG not only
ameliorated apoptosis, but also necrosis mediated by OGD.
This NPC protection was confirmed by exposing cells to
oxidative stress, a major stress signal prevalent in the stroke
brain. Mechanistic studies demonstrated that 17AAG activat-
ed PI3K/Akt and MAPK cell protective pathways. More
interestingly, these two pathways were activated in vivo by
17AAG and 17AAG treatment reduced infarct volume in a
middle cerebral artery occlusion (MCAO) stroke model.
These data suggest that 17AAG protects cells against major
cell death pathways and thus might be used as a pharmaco-
logical conditioning agent for regenerative medicine for
stroke.
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Abbreviations
17AAG 17-N-Allylamino-17-demethoxygeldanamycin
NPCs neural progenitor cells

OGD oxygen glucose deprivation
IPC ischemic preconditioning
RIPC Remote ischemic preconditioning
IPoC ischemic postconditioning
MCAO middle cerebral artery occlusion
PI propidium iodide

Introduction

Regenerative and reparative therapy has emerged to be an
important approach for stroke management (Banerjee et al.
2014, Chang et al. 2007, Lee et al. 2007, Steindler 2007). On
one hand, the brain is capable of regenerating neurons after
their maturation (Aimone et al. 2006, Allen et al. 2001,
Eriksson et al. 1998), and stroke can stimulate neurogenesis
(Chopp et al. 2007, Jin et al. 2006, Ohira et al. 2009). On the
other hand, stem cell transplantation enhances neurogenesis in
the brains and significantly improves cognitive functions in
experimental animals (Horie et al. 2011, Roitberg et al. 2006,
Theus et al. 2008, Yu et al. 2013). In addition, the newly
generated or transplanted cells (hereafter “new cells”) also
provide essential trophic support to the tissues at risk in the
penumbra surrounding the infarct area (Chang et al. 2007,
Haas et al. 2005). However the potential of regenerative and
reparative therapy is severely hampered by the extremely low
survival rate of the “new cells” due to the harsh environment
of excessive oxidative stresses, inflammatory cytokines, and
cytotoxic cells in the diseased brain (Bliss et al. 2006, Hicks
et al. 2009, Kelly et al. 2004, Norgaard et al. 2006).

Harnessing the stress adaptation (hormesis) effect is a
promising strategy for protection of the “new cells” (Hess
et al. 2013, Marini et al. 2008, Theus et al. 2008). Pre-
treatment or engineering before transplantation improves stem
cell survival in the hostile brain environment (Mitrecic et al.
2012, Wang et al. 2011, Wang et al. 2009, Wei et al. 2005). A
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non-lethal episode of hypoxia before stroke onset substantially
reduces the infarct volume in acute stroke, which is termed
ischemic preconditioning (IPC) (Ratan et al. 2007, Rosova
et al. 2008). IPC has limited clinical application and is suited
for a small number of predictable situations, such as cardiac
bypass (Hess et al. 2013). Remote ischemic preconditioning
(RIPC) and ischemic postconditioning (IPoC) are clinically more
relevant and show comparable neuroprotection in animal studies.
RIPC is currently in several clinical trials (Hahn et al. 2011, Hess
et al. 2013, Koch et al. 2011, Xie et al. 2013). In addition,
pharmacological conditioning has been gaining attention as an
alternative cell treatment method, in particular for those patients
who have higher burdens on the blood and hearts which may not
be suitable for ischemic conditioning (Hess et al. 2013).

Over the last two decades, numerous molecular targets
were tackled in an effort to achieve neuroprotection in ische-
mic stroke, including excitotoxicity, inflammation, and apo-
ptosis (Majid 2014, Moretti et al. 2014). However, the path-
ophysiology of stroke is very heterogenic and multiple cell
death mechanisms exist at the same time (Mitsios et al. 2006,
Shaller et al. 1980). Apoptosis is dominant in the penumbra
while necrosis is prominent in the infarct area (Yuan 2009).
These forms of cell death will inevitably affect the survival of
the new cells because they are either injected or are found to
migrate to the infarct area (Chang et al. 2007, Haas et al.
2005). Thus protection against all modes of cell death is
essential for regenerative and reparative medicine for stroke.

17-N-Allylamino-17-demethoxygeldanamycin (17AAG) is a
potent Hsp90 inhibitor currently undergoing a series of clinical
trials against multiple cancers because it induces apoptosis se-
lectively in cancer cells (Gallo 2006, Terasawa et al. 2005, Waza
et al. 2006, Zhang and Burrows 2004). In contrast to these
findings, several groups including ours have found that
17AAG favors cell survival when treated transiently or with
lower doses (Koga et al. 2006, Kwon et al. 2008, Wang et al.
2011,Wen et al. 2008, Yano et al. 2008). Nonetheless, 17AAG’s
function in stroke has not been studied although its toxic precur-
sor, geldanamycin, exerts beneficial effects in animal stroke
models (Kwon et al. 2008, Wen, Li, Zong, Yu et al. 2013).

In this study we investigated whether 17AAG induced
neuroprotective effects in acute ischemic conditions. NPCs
were used as an in vitro model and transient middle cerebral
artery occlusion (MCAO) inmice an in vivo. Our focus was to
determine whether low dose 17AAG prevented NPCs against
ischemia induced cell death, especially necrosis.

Materials and methods

Materials

Mouse ES cells J1 was from the ES Cell core facility
(Dr. Ali Eroglu), Medical College of Georgia, Georgia

Regents University. 17-AAG was from LC laboratories
(Woburn, MA). Antibodies against cleaved Caspase 3,
pGSK-3β (Serine 9), tGSK-3β, LC3B, pAkt (Thr 308) ,
tAkt, pStat3, tStat3, pErk1/2, and tErk were from Cell
Signaling (Beverly, MA). The antibody against β-Actin was
from Santa Cruz (Santa Cruz, CA). Hoechst 33,258, H2O2,
trypan blue solution, and glutamate monosulphate were from
Sigma Aldrich (St. Louis, MO). The PI3K inhibitor
LY294002 was from EMD Millipore (Billerica, MA). The
Mek inhibitor U0126 was from SelleckChem (Houston,
TX). The Alexa Fluor 488/647/Annexin V/ Dead cells apo-
ptosis kit was from Life Technologies (Grand Island, NY).
The hypoxia chamber was from StemCell Biotechnologies
(Vancouver, BC, Canada).

Methods

In vitro NPC differentiation from mouse ES cells

Mouse ES cells were grown on γ–irradiated feeder fibro-
blasts, and neural differentiation was induced by serum
deprivation of embryoid bodies as previously described
(Bradley et al. 2012, Wang et al. 2011, Wang et al. 2005).
Briefly, ES cells were grown on feeder fibroblast for 2–
3 days and the feeder cells were removed by replating.
Floating EBs were then generated by brief trypsinization of
the feeder free ES cells and seeded into non-tissue culture
treated petri dishes. After 4–6 days of culture, the floating
EBs were plated onto tissue culture dishes and fetal bovine
serum was withdrawn to trigger neural differentiation. The
attached EBs were then replated again onto tissue culture
dishes changed to NPC media containing DMEM-F12, N2
supplement, basic fibroblast growth factor, L-glutamine,
non-essential amino acids, and pen/strep, to produce highly
pure NPC populations.

OGD and glutamate treatment of NPCs

OGD treatment was modified from published procedures
(Kaushal and Schlichter 2008). Differentiated NPCs was
grown in glucose free NPC medium that has been bubbled
with 5 % CO2 and 95 % N2 for 10 min, in a 37 °C environ-
mental chamber (Stemcell Tech). The chamber was flushed
with 5 % CO2 and 95 % N2 for 5 min, sealed, and then kept
overnight. Cultures were returned to normal conditions. For
the OGD-AAG treatment group, 17AAG was added to the
glucose free NPC medium 1 h before OGD and remained in
the culture medium throughout the experiment. Control group
samples were placed in normal NPC medium and in an
incubator with 5 % CO2 and 95 % normal air. Control group
samples were placed in normal NP medium and in an incuba-
tor with 5 % CO2 and 95 % normal air. Glutamate treatment
was also modified from a published procedure (Croslan et al.
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2008). 17AAG was added to NPCs 1 h before adding 50 μM
of glutamate. Cells exposed to OGD or glutamate exposure
were collected for cell death analysis.

Cell death measurement

For trypan blue staining, cells were diluted with a 0.4 %
Trypan Blue solution. Total number of dead cells (stained
blue) and viable cells (unstained) were counted double blindly
using a hemocytometer. To determine the number of necrotic
cells, cells were stained with propidium iodide (PI), fixed by
1 % paraformaldehyde (PFA) in phosphate buffered saline
(PBS), and counted by a 4-color Becton Dickinson
FACSCalibur flow cytometer (Crawford et al. 2010) (BD
Biosciences, San Jose, CA). Morphology alterations (mito-
chondria swelling, cell volume increase and plasma mem-
brane rupture) were used to confirm the flow cytometry data
of necrosis. To determine apoptosis, several methods were
used: 1), Immunoblot analysis to detect cleaved caspase 3;
2), to count cells that had condensed nuclei; and 3), flow
cytometry counting of Annexin V labeled cells by using an
Alexa Fluor /Dead Cell Apoptosis Kit (Life Technologies)
following manufacturer’s instructions (Crawford et al. 2010).
Autophagy was detected by immnuoblot analysis of the
microtubule-associated protein 1 light chain-3B (LC3B)
(Chen et al. 2010).

Transient middle cerebral artery occlusion (MCAO)

Transient MCAO was performed following published proce-
dures (Frederix et al. 2007, Li et al. 2007). All experiments
involving animals followed approved protocols by Georgia
Regents University’s Institutional Animal Care and Use
Committee. Three to four-month-old C57Bl6 male mice were
anesthetized with ketamine and xylazine. Body temperature
was maintained at 37±1.0 °C throughout all surgical proce-
dures using a heating pad. The right common carotid, external
carotid artery, and internal carotid artery were exposed by a
midline neck incision. A 6.0 silicon pre-coated monofilament
nylon suture was introduced into the internal carotid artery to
occlude the right middle cerebral artery to produce transient
focal cerebral ischemia. The filament was withdrawn after
90 min to allow reperfusion. Twenty-four hours after reperfu-
sion, mice were sacrificed by decapitation. The brains were
removed and coronal slices stained with 2 % 2,3,5-triphenyl-
tetrazolium chloride (TTC) and fixed.

Fluorescence microscopy

Live NPCs were stained with 1 μMPI for 30 min and fixed by
1% PFA in PBS. Fluorescent and DIC images were taken by a
Nikon TE300 microscope (Nikon, Japan), and edited by
Photoshop CS2 Professional (Adobe).

Quantification and statistical analysis

Cell death was quantified by flow cytometry or double
blinded cell counting. Data were expressed as mean+SD.
Student’s t-test was used to determine their statistical
significance. The infarct area in each slice was scanned
and the volume of each slice was obtained by multiply-
ing the infarct area by 2-mm thickness. Total infarct
volume was determined by summing infarct volume of
four consecutive slices by ImageJ, and was expressed as
means+SD. Its statistical significance was analyzed
using one way ANOVA, followed by Tukey’s post hoc
test. A value of p<0.05 was considered statistically
significant.

Miscellaneous

For western blot analysis, protein concentrations were deter-
mined using the RC/DC protein assay, in accordance with the
manufacturer’s (Bio-Rad) instructions. Equal amounts of pro-
tein were loaded on a 4–20 % gradient gel and SDS-PAGE
was performed using the Laemmli method. β-actin (Actin)
was used as loading control.

Results

Treatment with low dose 17AAG protected NPCs
from OGD-induced cell death

Several groups including ours have reported that low dose
17AAG exerts cell protective effects in different cell types,
including NPCs (Ansar et al. 2007, Koga et al. 2006, Wang
et al. 2011, Yano et al. 2008). However, no study has been
done on whether 17AAG protects cells against stroke re-
lated stresses. To evaluate this, we detected 17AAG’s role
on NPCs during OGD. The NPCs used in our studies were
derived from mouse embryonic stem cells which express
neural stem cell marker Nestin (Bieberich et al. 2004,
Wang et al. 2011). Overnight treatment of OGD was ap-
plied because this condition caused not only apoptosis but
also necrosis in NPCs, which recapitulates the disease
pathology. Trypan blue staining showed that 28.9±2.5 %
of NPCs survived after OGD treatment (Fig. 1a). Control
NPCs show a ~30 % naturally-occurring cell death, which
is consistent with previous studies (Fig. 1a). Treatment with
a higher dose 17AAG (250nM, AAG250) severely wors-
ened the viability of NPCs undergoing OGD (Fig. 1a).
Interestingly, 17AAG at a dose of 10nM (AAG10) signif-
icantly increased NPC survival to 45.8±3.4 % (a 59.0 %
increase, Fig. 1a), suggesting that 17AAG triggers stress
adaptation (hormetic) effect in stroke situations. Other
doses (1nM and 50nM) had minimum effects. Therefore
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we used 10nM 17AAG for further experiments. This ob-
servation is consistent with previous studies that hormetic
effect usually increases cell survival by 30–60 %
(Calabrese 2013a, Calabrese 2013b, Wang et al. 2011).

We then determined the cell death mechanism (s) by which
17AAG protected NPCs from following OGD. Activated
caspase 3 (Casp3) is a hallmark of apoptosis, and apoptotic
cells display a condensed nuclei morphology (Bieberich et al.

Fig. 1 17AAG protects NPCs against major forms of cell death induced
by OGD a: Trypan blue staining and counting of NPCs survived after
OGD. 17AAG doses: AAG250, 250nM; AAG50, 50nM; AAG10,
10nM, and AAG1, 1nM. Note that 10nM 17AAG increased NPC sur-
vival. b: Western blot analysis to detect cleaved caspase 3 (Casp3) and
LC3B. β-actin (Actin) was used as a loading control. c: Quantification of
apoptosis by counting cells with condensed nuclei. Note 17AAG treat-
ment reduced NPC apoptosis to 39.2±2.3 % from 51.9 % ±9.0 %. d: PI

staining and DIC images of NPCs undergoing OGD, note necrotic cells
retained PI and exhibited a typical necrosis morphology: swollen and
ruptured cells and organelles. e: A higher magnification image of inset
show in D. f: a typical histogram from the flow cytometry of NPCs
stained with PI. Necrotic cells stained PI because their cell membrane
was ruptured. NPCs were then fixed and analyzed by a flowcytometer. g:
Quantification of PI positive NPCs treated with OGD and the pan-caspase
inhibitor Z-VAD (ZVAD). N=3. In A, C, and G, *, p<0.05; **, p<0.01
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2003, Bieberich et al. 2004). Fig. 1b shows that treatment with
10nM 17AAG reduced the level of Casp3 under OGD condi-
tions, suggesting reduced apoptosis (Fig. 1b). This was vali-
dated by quantification of cells with condensed nuclei, which
indicated that 17AAG treatment significantly reduced the
number of apoptotic cells (from 51.9 ±8.2 % to 39.2 ±
2.3 %) induced by OGD (Fig. 1c). To measure necrosis, we
examined the cell morphology and stained live cells by
propidium iodine (PI). Necrotic cells stain positive for PI
because their cell membranes are ruptured. Figure 1d
and e show that ~1/3 of NPCs exhibit a typical necrotic
morphology of swollen and ruptured membrane after
OGD (upper panel of Fig. 1d, and e), while 17AAG
treatment attenuated this phenotype, with majority of the
NPCs retaining their regular morphology with extended
bipolar processes (lower panel, Fig. 1d). Flow cytometry
quantification showed that 17AAG treatment significant-
ly reduced the number of PI-positive cells induced by

OGD by 42.9 % (from 36.8 ± 2.4 % to 21.0± 2.5 %,
Fig.1f and g). To exclude secondary apoptosis (since
these types of cells also retain PI), we treated cells with
a pan-caspase inhibitor, Z-VAD. Z-VAD treatment re-
duced the PI-positive NPCs by ~15 %, when compared
to OGD+AAG (from 36.8 ± 2.4 % to 31.4 ± 2.3 %),
demonstrating that majority of PI-positive cells were
necrotic cells, which were significantly reduced by
17AAG treatment (Fig. 1g). The above data indicate
that 17AAG protects NPCs against OGD-induced apo-
ptosis and necrosis, major cell death forms in ischemic
stroke.

17AAG treatment attenuated oxidative stress-mediated cell
death in NPCs

Oxidative stress and glutamate exposure are two of the
major triggers of brain damage during ischemic stroke

Fig. 2 17AAG protects NPCs
against apoptosis and necrosis
induced by H2O2. a: Glutamate
(0.8 mM) (GMS) did not induce
NPC apoptosis as measured by
Annexin V staining followed by
flow cytometry. b: Glutamate
(0.8 mM) did not induce
NPCnecrosis measured by PI
staining followed by flow
cytometry. c: 17AAG ameliorated
H2O2 induced necrosis in NPCs
measured by PI staining followed
by flow cytometry. Con (pink),
vehicle treated; H2O2 (blue,
100μMH2O2 treated; and H2O2+
AAG (green), 17AAG pretreated
and added 100μMH2O2) the
number of necrotic cells to 19.8±
3.5 % of total cells, a 54.7 %
reduction (green line, Fig. 2c). d:
Treatment with 17AAG
attenuated H2O2 induced
apoptosis as determined by
Annexin V-Alexa Fluro 488
labeling. e: Western blot analysis
of cleaved Casp3. f: Densitometry
analysis of the bands shown in E.
*, p<0.05
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(Davalos et al. 1997, Kostandy 2012, Pradeep et al.
2012). However, exposure to high levels of glutamate
(up to 0.8 mM) did not induce NPC apoptosis or
necrosis as determined by Annexin V/PI staining
followed by flow cytometry (Fig. 2a and b). This ob-
servation is consistent with a previous report (Brazel
et al. 2005). Hence we focused on oxidative stress-
mediated cell death to further investigate 17AAG’s role
in NPCs. Figure 2c shows that 43.7±4.3 % of H2O2-
treated cells retained PI (blue line), which was signifi-
cantly reduced to 19.8±3.5 % by 17AAG treatment
(green line, Fig. 2c), indicating that 17AAG ameliorated
oxidative stress-mediated necrosis. Similarly, treatment
with 17AAG significantly attenuated H2O2 induced ap-
optosis as detected by Annexin V-Alexa Fluro 488
labeling (Fig. 2d), which was further confirmed by
immunoblot analysis of cleaved Casp3 (Fig. 2e and f).

Low dose 17AAG activates multiple pro-survival pathways
in vitro

Previous studies have shown that GA and 17AAG activated
PI3K/Akt and MAPK pathways through transient stimulation
of Src kinase (Koga et al. 2006, Wang et al. 2011). However
whether 17AAG activates these pathways during ischemic
conditions was not known. We measured the level of
phospho-GSK-3β (pGSK-3β), one of the substrates of Akt
kinase (Bhat et al. 2004, Koga et al. 2006), after OGD.
Figure 3a and b show that GSK-3β phosphorylation was up-
regulated by 10nM 17AAG. To confirm that the pro-survival
pGSK-3β was induced by 17AAG during OGD, we detected
the level of pAkt and found it was increased by 17AAG
treatment (Fig. 3a and b). We also blocked the pathway by
LY294002, a PI3K inhibitor and found that LY294002
prevented GSK-3β phosphorylation triggered by 17AAG

Fig. 3 17AAG activates multiple pro-survival pathways during OGD. a:
Western blot analysis of the proteins as indicated in figure. b: Densitom-
etry analysis of the bands in A. c: LY294002 prevented GSK-3β phos-
phorylation triggered by 17AAG. d: Densitometry analysis of the bands

in C. e: The Mek inhibitor U0126 attenuated ERK phosphorylation
triggered by 17AAG. f: Densitometry analysis of the bands in E. *,
p<0.05; **, p<0.01
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(Fig. 3c and d). These data validate that 17AAG activates the
PI3K/Akt pathway to protect NPCs during OGD.

To determine whether MAPK pathway was activated, we
determined the level of pERK1/2, a MAPK substrate.
Figure 3a and b show that ERK was activated by 10nM
17AAG during OGD. The involvement of MAPK pathway
in 17AAGmediated survival was validated by aMek inhibitor
U0126 (Figs. 3e and f).

The level of pStat3 remained unchanged, indicating low
dose 17AAG did not activate the JAK/Stat3 pathway (Figs. 3a
and b).

Pretreatment of 17AAG activates multiple pro-survival
pathways and reduced infarct size in vivo

The above data indicate that low dose 17AAG protects neural
cells against major types of cell death pathways induced by
stroke-related stresses. To determine whether 17AAG protects
against stroke-induced damage in vivo, we intraperitoneally
(IP) injected 17AAG into 3 month old male C57Bl/6 mice
before introducing MCAO. Figure 4a and b show that, similar
to our in vitro studies, 17AAG reduced infarct size caused by

MCAO in a dose dependent manner, with 0.2 mg/kg signifi-
cantly reducing the infarct size by 57.7 %, while 0.05 mg/kg
and 1 mg/kg had marginal effects.

To determine whether PI3K/Akt and MAPK pathways
were activated in vivo, we collected brain tissues from mice
injected with 0.2 mg/kg 17AAG and performed western blot
analyses. Figure 4c and d show that the levels of pGSK-3β
and pERK were both up-regulated by 17AAG in brains of
mice without MCAO (compare lane 2 to lane 1). More im-
portantly, these kinases remained more activated than those
without 17AAG administration after MCAO (compare lane 4
to lane 3). These results demonstrate that 17AAG activates
these two pathways in vivo to protect against stroke-induced
brain damage.

Discussion

Stress adaptation (or hormesis) is a common paradigm found
throughout nature. An initial exposure to a stressful stimulus
results in an adaptive response by which a second more severe
exposure produces a minimal response (Wheeler and Wong

Fig. 4 17AAG reduces infarct
volume in MCAO mouse brains.
a: 17AAG reduced infarct size
caused by MCAO in a dose-
dependent manner. 17AAG of
different doses was IP injected
into 3 month old male C57Bl/6
mice before introducing MCAO.
17AAG doses were: AAG0.05,
0.05 mg/kg body weight;
AAG0.2, 0.02 mg/kg body
weight; AAG1, 1 mg/kg body
weight. Note 0.2 mg/kg 17AAG
significantly reduced the infarct
volume, while 0.05 mg/kg and
1 mg/kg had little effects. b:
Quantification of the infarct
volume with image J. Sample
sizes were: Con, N=9; AAG0.05,
N=7; AAG0.2, N=11; AAG1,
N=10. c: Western blot analysis of
indicated proteins on whole brain
lysates of mice injected with
0.2 mg/kg 17AAG. Note 17AAG
greatly increased pGSK-3β and
pERK levels in brains of mice
without MCAO (compare lane 2
to lane 1) as well as those after
MCAO (compare lane 4 to lane
3). Actin was used as a loading
control. d: Densitometry analysis
of the bands shown in C. *,
p<0.05, **, p<0.01

Low dose 17AAG protects neural progenitor cells from ischemia 359



2007). Research from IPC, RIPC and IpoC has demonstrated
that stress adaptation provides substantial neuroprotection in
animal studies of stroke (Hougaard et al. 2013, Wei et al.
2005, Wei et al. 2013, Yu et al. 2013). Apart from ischemia,
a number of other methods have been reported to exert
hormetic effect in stroke. For example, a number of pharma-
cological agents are found to induce the hormetic effect in
stroke, including Ginkgolide B, adenosine, isoflurane, estro-
gen, 3-nitropropionic acid, and kainate (Della-Morte et al.
2009, Lee et al. 2008, Nagy et al. 2011, Raval et al. 2006,
Wu et al. 2009). In addition, hypothermia induced pharmaco-
logically by a neurotensin receptor agonist HPI-201 protects
the brain from damages caused by intracerebral hemorrhage
(Wei et al. 2013). These studies demonstrated that pharmaco-
logical conditioning can have a comparable stress adaptation
effect in protecting damages induced by ischemia.

Due to the complexity of acute stroke, protection of cells
against all forms of cell death is crucial to improve the out-
come of regenerative and reparative medicine. The hormetic
effect induced byHsp90 inhibitors may be of advantage in this
regard because it potentially affects many of the pathways
mediated byHsp90, its cochaperones and the ever growing list
of client proteins (Camphausen and Tofilon 2007, Dezwaan
and Freeman 2008, Jarosz and Lindquist 2010).

Data presented in this study demonstrated that 17AAG not
only protected NPCs from apoptosis induced by OGD and
oxidative stress, but also necrosis (Figs. 1 and 2). More
interestingly, treatment of 17AAG significantly reduced the
infarct volume in theMCAOmodel (Fig. 4a and b), indicating
that low dose 17AAG is a potential conditioning agent for
stroke treatment. The observation that 17AAG treatment re-
duced infarct volume suggests that low dose 17AAG protects
other neural cells, especially neurons, from stroke mediated
damage. This is a very interesting phenomenon and will be
part of future studies.

In terms of signal transduction, low dose 17AAG activated
Akt/GSK-3β and MAP kinase pathways, under stroke related
stresses in vitro and under MCAO in vivo (Figs. 3 and 4c and
d). These two cell signaling pathways are generally pro-
survival and are severely affected by ischemic stroke (Sawe
et al. 2008, Zhao et al. 2006).

Our purpose of choosing NPCs as an in vitro model to
study low-dose 17AAG’s function in stroke-related stresses is
to use NPCs for regenerative medicine for stroke. Establishing
that 17AAG triggers cytoprotective mechanisms in NPCs
against both apoptosis and necrosis under stroke conditions,
we will commence cell transplantation studies to further in-
vestigate the synergistic effect of combining stress adaptation
and cell therapy in stroke treatment.

In summary, we have demonstrated that 17AAG treatment
protects NPCs from major forms of cell death mechanisms
induced by OGD and stroke related stresses in vitro and
reduces infarct size in vivo. These data demonstrate that

pharmacological conditioning with 17AAG could be a more
efficient approach for stroke management.
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