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Abstract This study aimed to investigate the protective
effect of the M9 region (residues 290-562) of amino-Nogo-A
fused to the human immunodeficiency virus trans-activator
TAT in an in vitro model of ischemia—reperfusion induced by
oxygen—glucose deprivation (OGD) in HT22 hippocampal
neurons, and to investigate the role of NADPH oxidase in this
protection. Transduction of TAT-M9 was analyzed by
immunofluorescence staining and western blot. The biologic
activity of TAT-M9 was assessed by its effects against OGD-
induced HT22 cell damage, compared with a mutant M9
fusion protein or vehicle. Cellular viability and lactate
dehydrogenase (LDH) release were assessed. Neuronal
apoptosis was evaluated by flow cytometry. The Bax/Bcl-2
ratio was determined by western blotting. Reactive oxygen
species (ROS) levels and NADPH oxidase activity were also
measured in the presence or absence of an inhibitor or acti-
vator of NADPH oxidase. Our results confirmed the delivery
of the protein into HT22 cells by immunofluorescence and
western blot. Addition of 0.4 pmol/L TAT-MO9 to the culture
medium effectively improved neuronal cell viability and
reduced LDH release induced by OGD. The fusion protein
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also protected HT22 cells from apoptosis, suppressed over-
expression of Bax, and inhibited the reduction in Bcl-2
expression. Furthermore, TAT-M9, as well as apocynin,
decreased NADPH oxidase activity and ROS content. The
protective effects of the TAT-MO were reversed by TBCA, an
agonist of NADPH oxidase. In conclusion, TAT-M9 could be
successfully transduced into HT22 cells, and protected HT22
cells against OGD damage by inhibiting NADPH oxidase-
mediated oxidative stress. These findings suggest that the
TAT-MO9 protein may be an efficient therapeutic agent for
neuroprotection.

Keywords Nogo-A - Oxygen and glucose deprivation -
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Introduction

Stroke is the second most common cause of death and the
leading cause of serious disability in adults in the world.
Oxygen—glucose deprivation (OGD) has been implicated in
the neuronal cell death in disorders such as ischemia and
Alzheimer’s disease (Albrecht et al. 2005), and has been
shown to produce some of the metabolic aspects of stroke
injury in vitro leading to neuronal insult (Taylor et al.
1995; Fordel et al. 2007). Thus, OGD models have been
widely used to investigate the pathology and pharmacology
of ischemic injury. The pathogenesis of cerebral ischemic
injury is complex and incompletely understood. However,
overproduction of reactive oxygen species (ROS) during
and after ischemia plays an important role in the devel-
opment of oxidative stress following ischemic injury.
Elevated levels of ROS disturb neuronal function, which
could activate apoptotic pathways and lead to neuronal
damage (Valko et al. 2007). Reduction of oxidative stress
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is considered a promising target for attenuating the neu-
ronal damage following ischemia.

Among free radical-producing enzyme systems,
NADPH oxidase 2 is widely expressed in the central ner-
vous system and its activation plays a major role in stroke-
induced oxidative injury. NADPH oxidase is activated after
ischemia, and inhibition of NADPH oxidase attenuated
oxidative injury (Yoshioka et al. 2011; Chen et al. 2009;
Miller et al. 2006). These findings indicate an important
role of NADPH oxdiase in neuronal damage following
ischemic injury.

Nogo-A is a myelin-associated neurite inhibitory factor.
It has been shown to inhibit the outgrowth of axonal pro-
cesses after central nervous system injury. However, the
function of neuronal Nogo-A is still widely uncharacter-
ized. Inhibition of Nogo-A enhanced axonal sprouting and
helped neurologic recovery in rodents with ischemic injury
(Papadopoulos et al. 2002; Seymour et al. 2005). On the
other hand, recent studies have shown that the expression
of Nogo-A changes after the onset of stroke, decreasing in
the early stages, then increasing in the long term (Cheat-
wood et al. 2008). Moreover, amino-Nogo-A, a long spe-
cific region (amino acids 186-1,004) of Nogo-A, showed a
strong cytoprotective effect against H,O,-induced oxida-
tive stress in vitro, and the M9 region (residues 290-562)
may be the pivotal domain for these protective effects
(Mi et al. 2012). Taken together with other results (Kilic
et al. 2010), these findings indicate that Nogo-A may play a
survival-promoting role in the early phase after ischemic
injury, and that interruption of Nogo-A function at different
time points could lead to various effects. However, the
neuroprotective effects of M9 in OGD-induced cell insult
are still unclear.

In this study, we used the HIV TAT trans-activator gene
product fused to M9 protein (TAT-M9) to form an agent
that could cross the cell membrane. We also examined
whether TAT-M9 had a protective effect against OGD-
induced neuronal cell injury in HT22 cells. In addition, we
explored whether NADPH oxidase was involved in the
neuroprotective effect of TAT-M9.

Materials and Methods

Construction, Purification, and Transduction of TAT-
M9 Fusion Proteins

TAT-M9 was constructed and purified as described by
Mi et al. (2012). Briefly, the coding sequences of M9
(aa290-562) and MO9CA (M9 cysteine residues at positions
424, 464, and 559 were mutated into alanine) were
amplified by LA-PCR and subcloned into pTAT-HA
expression vector. All constructs were then inserted in
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vector pTAT-HA in fusion with the 6 xHis, TAT protein
transduction domain and HA Tag. Fusion protein was
purified by Ni—NTA-agarose chromatography (Merck,
Darmstadt, Germany). The size and purity of all proteins
were confirmed by sodium dodecyl sulfate—polyacrylamide
gel electrophoresis (SDS-PAGE). After dialysis and
filtration, the proteins were subpackaged and stored at
—80 °C.

For the delivery of TAT fusion proteins into cells,
0.4 umol/L TAT-M9 protein was added to the cell culture
medium for 1 h (the concentrations and time courses were
used in pre-experiments) and the transducible effect of TAT
fusion protein was analyzed by immunofluorescence using
an anti-6 x His antibody. The fusion protein TAT-M9CA, in
which the cysteine residues at positions 424, 464, and 559
were mutated into alanine, was also constructed. HT22 cells
were incubated with this fusion protein by the same pro-
cedure for the purpose of comparisons with TAT-MO.
Transducible effect of TAT fusion proteins was also ana-
lyzed by western blotting with anti-6 x His antibody.

Cell Culture

The HT22 cells were cultured in commercial high glucose
Dulbecco’s modified Eagle’s medium supplemented with
10 % (volume/volume) heat-inactivated fetal bovine
serum, 100 U/mL penicillin, and 100 pg/mL streptomycin
as normal condition. They were maintained at 37 °C in a
5 % COy/air environment using uncoated T-75 Falcons.
For the experiments, the cells were treated as described
below.

OGD Model

For HT22 cells exposed to OGD, the culture media were
changed to a deoxygenated glucose-free or an oxygenated
glucose-containing (for controls) Earle’s balanced salt
solution at pH 7.4. Then, the cells were transferred to a
sealed hypoxic box containing a mixture of 95 % N, and
5 % CO, at 37 °C, or normal culture conditions for 2 h.
Following OGD exposure, the HT22 cells were reoxy-
genated by high glucose DMEM without serum for 22 h.
TAT-M9 or TAT-M9CA was added into the medium
through the OGD and reoxygenated (OGD/R) procedure at
different concentrations as described below. Tetrabromo-
cinnamic acid (TBCA; EMD Chemicals, Gibbstown, NJ),
which is a highly specific CK2 inhibitor, has been shown to
activate NADPH oxidase (Kim et al. 2009). TBCA
(10 pmol/L) was added to the medium 30 min before and
during OGD/R. Fifty percent DMSO in PBS was used as a
vehicle (Kim et al. 2009). Apocynin (100 pmol/L) was
added to the medium during OGD/R (Nagasawa et al.
2007).
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Assessment of Cell Viability and Cell Death

During OGD/R, the HT22 cells were co-cultured in normal
medium, vehicle, or in the absence or presence of TAT-M9
or TAT-MOCA at different concentrations of 0.1, 0.2, and
0.4 pmol. Following OGD/R, cell viability was evaluated
by MTT assay as described previously (Gou et al. 2011). In
brief, MTT solution (5 mg/mL in DMEM) was added to the
medium and the cells were incubated for 4 h at 37 °C. After
the medium had been removed, the cell and dye crystals
were solubilized by adding 200 pL of dimethylsulfoxide
(DMSO), and the absorption at 570 nm was measured using
a Model 550-microplate reader (Bio-Rad Lab, CA, USA).
The cell relative viability was calculated using the ODs7
value for each group as a percent of the mean ODs, value
for the control group and repeated for five times.

Measurement of Lactate Dehydrogenase (LDH)
Release

During the OGD/R procedure, the HT22 cells were co-
cultured in normal medium or in the absence or presence of
TAT-M9, TAT-MOCA, or vehicle at concentrations of
0.4 umol. A colorimetric assay kit (LDH; Nanjing Jiancheng,
China) for the quantification of cell death was performed as
previously described (Gou et al. 201 1), based on measurement
of the activity of LDH released from the cytosol of damaged
cells into the supernatant. It was also used to assess glucose
cytotoxicity. The activity unit was defined as units per deci-
liter and the test was repeated for five times.

Flow Cytometry Analysis for Cell Apoptosis

Apoptosis was assessed using an apoptosis detection Kit.
Briefly, cells were collected after treatment, washed twice in
ice-cold PBS, and resuspended in binding buffer at a density
of 1 x 10° cells/mL. Cells were incubated simultaneously
with fluorescein-labeled annexin V and propidium iodide
(PI) for 20 min and analyzed by flow cytometry. Annexin
V-FITC-generated signals were detected using an FITC
signal detector (FL1, 525 nm). PI signals were monitored
using a detector reserved for phycoerythrin emission (FL2,
575 nm). The test was repeated for three times and data were
analyzed using Cell Quest software from BD.

Western Blot Analysis

After different treatments, HT22 cells from different groups
were collected and lysed with modified RIPA-buffer sup-
plemented with a protease inhibitor-cocktail and 100 pmol
phenylmethanesulfonyl fluoride on ice for 30 min. After
20-min centrifugation, the total proteins concentration was
quantified using a BCA kit. Equal amounts of total protein

lysates were subjected to 12 % sodium dodecyl SDS-PAGE
and transferred onto polyvinylidene difluoride membranes
(Millipore Corp.). After blocking with 3 % BSA, the
membranes were incubated with primary antibodies (Bcl-2,
1:200; Bax, 1:1000; gp91P"* 1:1000; p47°™*, 1:1000;
6xHis, 1:400; Abcam, USA) in phosphate-buffered saline
(PBS) 0.1 % Tween-20 overnight at 4 °C. The membranes
were then incubated with horseradish peroxidase-conjugated
anti-rabbit immunoglobulin G at a 1:10,000 dilution
(KangWei Inc. China.). Immunoreactive proteins were then
visualized by enhanced chemiluminescence. The signals
were quantified by densitometry using a western blotting
detection system (Alpha Innotech, USA). GAPDH or tublin
(KangWei Inc. China) served as the loading control.

Immunofluorescence

Immunofluoresence staining was performed according to the
standard protocol. For analysis of TAT protein transfusion,
after treatments, samples were washed with PBS and 4 %
paraformaldehyde, permeabilized with 0.1 % Triton-X-100,
washed three times for 5 min each in PBS, and immersed for
30 min in PBS containing 0.3 % Triton X-100 and 10 %
normal goat serum. After three further rinses in PBS, sections
were incubated overnight at 4 °C with a specific 6 xHis
antibody (1:200, Abcam, USA) dissolved in PBS containing
0.3 % Triton X-100 and 2 % normal goat serum. Then, the
sections were incubated in FITC-labeled secondary antibody
solution (1:500, Sigma, USA) for 1 h at room temperature.
The two incubation steps were followed by three washes with
PBS (10 min each time). Images were captured using a
Model BX-60 fluorescence microscope (Olympus Corpora-
tion, Tokyo, Japan).

Measurement of ROS Levels

As described previously (Mi et al. 2012), the cell pene-
trative dihydroethidium (DHE) was used to assess real-time
formation of superoxide in HT22 neurons following the
provided protocol (Beyotime company, China). DHE in
DMSO was added directly to the culture media at final
concentration of 10 uM and incubated at 37 °C for 30 min.
Then, the neurons were rinsed once rapidly in PBS and
immediately observed under a fluorescence microscope
(Leica DMI6000B, Leica Microsystems GmbH, Wetzlar,
Germany) with excitation of 488 nm and emission of
525 nm, and were analyzed by Image Pro-Plus software
(IPP 6.0, MediaCybernetics, Silver Spring, MD, USA).

Statistical Analysis

SPSS 11.0 for Windows software (SPSS Inc, Chicago, IL)
was used to conduct statistical analyses. Values are

@ Springer



446

Cell Mol Neurobiol (2013) 33:443-452

presented as mean = SEM. Results were compared by
one-way analysis of variance. Between-group differences
were assessed by the post hoc Student—-Newman—Keuls
test. Values of P < 0.05 were considered statistically
significant.

Results

Transduction of TAT-M9 Fusion Protein into HT22
Cells

According to former studies, the M9 domain of Nogo-A
comprises amino acids 290-562 (Fig. 1a). M9 fused to
TAT was constructed and purified (Fig. 1b). Western
blotting results proved TAT-M9 and TAT-M9CA trans-
duced into HT22 cells 1 h after efficiently (Fig. 1c) and
sustained stable. Immunofluorescence staining was used to
confirm the intracellular delivery of TAT-M9 into HT22
cells. A rabbit anti-6 xHis antibody revealed that TAT-M9
was transduced into cells, while fluorescence signals were
absent in cells treated with vehicle (PBS). In addition, the
same fluorescence signals were detected in HT22 cells
treated with TAT-MOCA (Fig. 1d).

TAT-M9 Increases Cell Viability and Prevents LDH
Release in HT22 Cells Exposed to OGD

The viability of HT22 cells was markedly decreased
after OGD insult compared with the control group. Treat-
ment of cells with TAT-M9 at a concentration of 0.4 pmol

Nogo-A 1 | | | ] 1192

TAT-M9

b

TAT-M9 ‘ 6 X His

TAT-MSCA ‘EX His H TAT H M3ICA l

C TAT-M8  TAT-MBCA  Vehicle

BxHis G- —

Fig. 1 Structure and construction of TAT-M9, and transduction into
HT22 cells. a The structure of the M9 domain from Nogo-A. b The
construction of TAT-M9CA and TAT-M9. ¢ HT22 cells were
cultured in the presence of TAT-M9, TAT-M9CA, or vehicle for 1 h

Vehicle
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TAT-MOCA

significantly increased the viability of HT22 cells exposed
to OGD. However, the same concentration of TAT-M9CA
or vehicle was not able to increase the viability of HT22
cells exposed to OGD (Fig. 2a). Exposure of HT22 cells to
OGD for 2 h followed by 22 h of restoration produced an
obvious elevation of LDH activity in the culture superna-
tant compared with that of sham cells (Fig. 2b). The ele-
vation of LDH induced by OGD was markedly attenuated
by the addition of 0.4 pmol of TAT-M9. On the other hand,
TAT-M9CA or vehicle did not effectively prevent the rise
in LDH activity in the culture supernatant following OGD.

TAT-M9 Inhibits Cellular Apoptosis in HT22 Cells
Exposed to OGD

Annexin/PI co-staining and flow cytometry were used to
study the extent of apoptosis in OGD-exposed neuronal
cultures. A representative result of flow cytometry was
presented in Fig. 3a—d. The lower right quadrant represented
the percentage of early apoptotic cells, while the upper right
quadrant depicted the percentage of late apoptotic cells and
dead cells. We analyzed the lower right quadrant for the
apoptotic cells. In untreated control cultures, there was only
avery low level of apoptosis (Fig. 3a). After 2 h of OGD and
22 h of reoxygenation, the percentage of apoptotic neurons
rose from 5.1 to 38.6 % (Fig. 3b). Treatment with 0.4 pmol
TAT-M9 resulted in a significant reduction in the numbers
of apoptotic neurons following OGD to 7.4 % (Fig. 3c).
TAT-M9CA showed no such effect with 39.3 % of neurons
showing signs of apoptosis (Fig. 3d). The experiment was
repeated three times (Fig. 3e).

Neuron 6x His Merge

and then tested by western blotting with anti-6 x His primary antibody.
d Representative immunofluorescence staining also showed HT22
cells treated with TAT-M9, vehicle, or TAT-M9CA
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Fig. 2 Effect of TAT-M9 on cell viability and LDH release in HT22
cells exposed to OGD. a An MTT test was used to assess the effect of
TAT-M9 on cell viability. b Effects of TAT-M9 on OGD-induced
LDH release. The LDH activity in the culture medium was
determined by a commercially available assay. Exposure of HT22

TAT-M9 Ameliorates the Bax/Bcl-2 Ratio in HT22
Cells Exposed to OGD

Bcl-2 and Bax belong to the Bel-2 family of proteins that
promote cell survival, whereas Bax accelerates apoptosis.
Western blotting results revealed that Bax expression was
significantly increased in the OGD group compared with
the sham group. Addition of TAT-M9 at a concentration of
0.4 umol decreased the Bax expression level. On the other
hand, the level of Bcl-2 in the OGD group was significantly
decreased compared with the control group, but recovered
following TAT-M9 treatment (Fig. 4). Statistical analysis
of the Bax/Bcl-2 ratio revealed that TAT-M9 treatment
could ameliorate the OGD-induced elevation in Bax/Bcl-2
ratio in HT22 cells, while TAT-M9CA and vehicle showed
no such effects.

TAT-M9 Protects HT22 Cells Exposed to OGD
via Suppression of NADPH Oxidase

TAT-M9, as well as apocynin, could efficiently inhibit the
increase in total gp91P"* and p47P"°* protein levels in cells
with OGD-induced damage, improve cell viability and
reduce LDH release. A recently developed agonist of
NADPH oxidase, TBCA, reversed the protective effect of
TAT-M9. In contrast, neither PBS nor DMSO could
reverse the protective effect of TAT-M9 (Fig. 5).

TAT-M9 Reduces ROS Production in HT22 Cells
Exposed to OGD

Following OGD, abundant ROS were generated and the
production of ROS could initiate a series of signaling
pathways. Compared with the sham group, the OGD group
showed increased total ROS production. In contrast,
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cells to OGD showed an obvious elevation of LDH release compared
with the sham group, while LDH was markedly attenuated by TAT-
MO treatment, but not TAT-M9CA treatment. Values are expressed as
mean = SEM; n =5 per group. *P < 0.05 versus Sham group,
#P < 0.05 versus OGD group, “P < 0.05 versus TAT-M9 group

treatment with TAT-M9 or apocynin significantly reduced
the increase in total ROS generation. However, this pro-
tective effect of TAT-M9 could be reversed by TBCA
(Fig. 6).

Discussion

Stroke is one of the leading cause of death and disability in
the world. Ischemia and reperfusion causes significant cell
damage because of the insufficient supply of glucose and
oxygen. To better understand the mechanisms underlying
neuronal cell injury and potential protective agents, OGD/R
is commonly used to simulate cerebral ischemia reperfusion
injury models in vitro. In the present study, we aimed to
examine the effect of a novel region of Nogo-A, M9, on
OGD/R injury in HT22 cells.

TAT protein has good potential for disease therapy based
on its ability to deliver full-length proteins and peptides
through plasma membranes and into cells. Indeed, various
TAT fusion proteins are able to transduce cells in vitro and
in vivo (Katsura et al. 2008; Nagel et al. 2008; Kilic et al.
2003; Gou et al. 2011; Wang et al. 2008). In the present
study, the M9 region of Nogo-A (residues 290-592) was
fused to the HIV-TAT protein as previously described
(Mi et al. 2012). We proved that this novel protein could be
efficiently delivered into HT22 cells when added to the
culture medium. Then, we found that 0.4 pmol/L TAT-M9
in culture medium could increase the viability and suppress
the OGD-induced increase in LDH release compared with
that in cultures exposed to OGD alone. Meanwhile, the
same concentration of TAT-M9CA did not attenuate OGD-
induced damage in HT22 cells. On the other hand,
0.4 pmol/L. TAT-M9 or TAT-MO9CA did not interrupt
normal cell growth in the absence of OGD damage. Those
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Fig. 3 Effects of TAT-M9 on
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exposed to OGD. a-d Flow
cytometry profiles following
annexin/PI staining of a control
neuronal cultures, b cultures
treated with 2 h of OGD and
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d cultures treated with 2 h of
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finding indicated that TAT-M9 had a protective effect
against OGD-induced damage in HT22 cells.

Apoptosis, also known as programed cell death, can be
triggered by numerous mediators including oxidative stress
resulting from ischemia-reperfusion injury (Krantic et al.
2007). In the current study, apoptosis was measured by
flow cytometry, which precisely quantifies apoptosis by PI
and annexin V dual staining. The early phase of apoptosis
was represented by annexin+/PI— cells, and these neurons
are important for proper treatment as a “last save.” The
number of annexin+4/PI— cells markedly increased after
OGD/R. TAT-M9 could efficiently reduce the early phase
of apoptosis, but TAT-M9CA could not. However, the

@ Springer

Percentage of apoptotic cells (%)

T
10?

ORI
10t

FL1LOG

10? 100

FL1LOG

40

30 4

20 4

10 4

percentage of cells in the late phase of apoptosis and
undergoing necrosis (annexin+-/PI+) were not significantly
different among groups, except for the Sham group. This
result, together with the MTT and LDH results mentioned
above, indicated that the protective effect of TAT-M9
against HT22 cell injury was mostly due to an effect on
apoptosis rather than necrosis.

Bcl-2 family proteins, including pro-apoptotic (Bax,
Bad) and anti-apoptotic (Bcl-2, Bel-xL) proteins, play a
crucial role in the process of apoptosis (Susnow et al.
2009). In the current study, TAT-M9 treatment could
decrease cell apoptosis by decreasing the Bax/Bcl-2 ratio.
By suppressing both the overexpression of Bax and
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Fig. 4 Effects of TAT-M9 on Bax and Bcl-2 expression in HT22
cells exposed to OGD Effects of TAT-M9 on Bax and Bcl-2 protein
expression. Statistical analysis of the Bax/Bcl-2 ratio. Values are
expressed as mean = SEM; n = 3 per group. *P < 0.05 versus Sham
group, *P < 0.05 versus OGD group

downregulation of Bcl-2 induced by OGD, TAT-M9
modulates the Bax/Bcl-2 equilibrium to suppress the drive
toward apoptosis induced by OGD. However, it remains to
be established whether other apoptosis-related signaling
pathways are involved in the protective effects of TAT-M9.
Previous studies have shown that ROS plays a critical
role in cellular functions including proliferation and dif-
ferentiation, as well as processes such as apoptosis (Kemp
et al. 2008). On one hand, proper reactivation of ROS is
important and necessary for maintaining basic molecular
function. On the other hand, prolonged increases of ROS
could be risky for the body. OGD could cause massive
generation of ROS, and these might target neuronal cells,
which are particularly vulnerable. NADPH oxidase is con-
sidered to be a major source of ROS in many physiologic
and pathological processes (Chrissobolis and Faraci. 2008;
Bedard and Krause 2007). In our preliminary experiments,
we proved that extracellular signal regulated protein kinases
(ERK1/2) increased in TAT-MO-treated group and ERK1/2
activation was related to activation of NADPH oxidase
(Kilic et al. 2010; Yoo et al. 2005). For these reasons, we
assumed that TAT-M9 might suppress the activity of
NADPH oxidase and thereby alter ROS production.
NADPH oxidase is a multiunit enzyme composed of
membrane-bound subunits including gp91P"°* and cytoplas-
mic subunits including p47°™* (Anthony et al. 1997).
Expression of gp91°™* and p47°™*, important catalytic sub-
units of NADPH oxidase, has been shown to be up-regulated

in ischemic stroke (Walder et al. 1997). Thus, we confirmed
the protective effect of TAT-M9 by analyzing gp91P"* and
p47P"°* expression. To examine further the important role of
NADPH oxidase in the protective effect of TAT-M9, we
performed experiments using apocynin, a classic inhibitor of
NADPH oxidase. Apocynin protected cells against OGD
damage in MTT, LDH release, and ROS generation assays,
consistent with the findings of a previous study (Jackman et al.
2009; Luetal. 2012). We also added TBCA, a novel regulator
of NADPH oxidase, to the cultural medium, and found that it
reversed the protective effect of TAT-M9. This indicated that
the anti-oxidative effect of TAT-M9 may be mediated, at least
partially, through the suppression of NADPH oxidase. How-
ever, TBCA was shown to enhance the cell damage caused by
OGD and to affect the shapes and cytoskeletons of some cell
types (Kim et al. 2009; Kramerov et al. 2011). This indicated
that the protective effect of TAT-M9 might not be reversed by
TBCA, but only weakened following severe injury. However,
we did find that TAT-M9 could alter the expression of
NADPH oxidase. Thus, to confirm the exact mechanism
underlying the effect of TAT-M9, other experiments should
be performed.

Nogo-A has long been understood as a principal inhib-
itor of neurite outgrowth (Wang et al. 2008). Many sci-
entists have proved that Nogo-A blockage could enhance
axonal regeneration and improve neuronal damage prog-
nosis. Our result may seem paradox with all these previous
studies. However, a recent study proved that the expression
of Nogo-A peaked high at 28 days after onset of MCAO,
but decreased at the early phase after the injury (Cheat-
wood et al. 2008). Meanwhile, Nogo-A deficiency mice
was more vulnerable to ischemia injury compared with
wild-type mice (Kilic et al. 2010). Together with our cur-
rent results, it indicated that interfering Nogo-A at various
time points might result different effects.

In the current study, the mouse HT22 hippocampal cell
line was used as model. It is a subclone of the HT4 cell line
that was characterized by its sensitivity to oxidative stress
(Morimoto and Koshland 1990). As these cells are devoid
of ionotropic glutamate receptors, excitotoxicity does not
affect HT22 cell death (Davis and Maher 1994). HT22 cell
line has been used in many injury models such as glutamate
exposure (Yang et al. 2012) and OGD (Jamarkattel-Pandit
et al. 2010; Ryou et al. 2012). Currently, we proved that
TAT-M9 at certain concentration was effective for OGD
injury in HT22 cells. However, cell line is not the first
option for studying the OGD effect due to its characteris-
tics. Moreover, even drugs that were effective in vitro
could easily fail in vivo. Further study is urgent needed for
examining TAT-M9 on cerebral ischemia injury model.

In conclusion, our study confirmed that an HIV-TAT-
derived peptide fused to a novel region comprising residues
290-562 of Nogo-A, which could be directly transduced
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Fig. 5 Involvement of NADPH oxidase in the cytoprotective effect
of TAT-M9 in HT22 cells exposed to OGD. a Cell viability. TAT-M9
and apocynin improved cell viability. The reduction in cell death by
TAT-M9 was reversed by pretreatment with TBCA at a concentration
of 10 umol/L. Values are expressed as mean = SEM of five per
group. *P < 0.05 versus OGD group, #P <0.05 versus TAT-
M9 4 OGD group. b LDH release. TAT-M9 or apocynin treatment
markedly attenuated LDH release, whereas the protective effect of

Sham TAT-M9+0GD

TBCA+TAT-M9+0GD Vehicle+TAT-M9+0GD Apocynin+OGD

Fig. 6 Effect of TAT-M9 on intracellular ROS levels in HT22 cells
exposed to OGD TAT-M9 (0.4 ptM) was added to the HT22 neuron
cultures during OGD/R. a ROS level was examined using DHE under
a fluorescence microscope. A strong fluorescence signal was detected
in the OGD group. TAT-M9, as well as apocynin, could efficiently
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TAT-M9 was reversed by pretreatment with TBCA. Values are
expressed as mean £ SEM of five per group. *P < 0.05 versus OGD
group, P < 0.05 versus TAT-M9 + OGD group. ¢ Activation of
NADPH oxidase by western blotting of total gp91P"* and p47P"°*
(up) and analyses (down) Data are expressed as mean £ SEM of
three per group. *P < 0.05 versus Sham group, #P < 0.05 versus
OGD group, P < 0.05 versus TAT-M9 + OGD group
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*
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reduce ROS production, while TBCA could reverse the protective
effect of TAT-M9. b Statistical analysis of the relative fluorescence
levels in different groups. Values are expressed as mean = SEM of
three per group. *P < 0.05 versus Sham group, *P < 0.05 versus
OGD group, &p < 0.05 versus TAT-M9 + OGD group
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into HT22 cells, exerted neuroprotective effects in an
in vitro model of OGD. It protected HT22 cells from
apoptosis and inhibited oxidative stress through the sup-
pression of NADPH oxidase. These findings suggest that
the TAT-MO protein may be an efficient therapeutic agent
for neuroprotection.
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