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Abstract

Tumor suppressor PTEN is highly expressed in neurons and PTEN inhibition has been reported to

be neuroprotective against ischemic stroke in experimental models. On the other hand, PTEN

deletion has been shown to lead to cognitive impairment. In current study, we examined the

expression and functions of PTEN in ischemic stroke. We found rapid S-nitrosylation and

degradation of PTEN after cerebral ischemia/reperfusion injury. PTEN degradation leads to

activation of Akt. PTEN partial deletion or PTEN inhibition increased expression of GABAA

receptor (GABAAR) γ2 subunit and enhanced GABAA receptor current. After cerebral ischemia,

increased expression of GABAAR γ2 subunit was observed in the ischemia region and penumbra

area. We also observed PTEN loss in astrocytes after cerebral ischemia. Astrocytic PTEN partial

knockout increased astrocyte activation and exacerbated ischemic damage. We speculated that

ischemic stroke induced neuronal PTEN degradation, hence enhanced GABAA receptor-

medicated neuronal activity inhibition which could attenuate excitotoxicity and provide

neuroprotection during the acute phase after stroke, while inhibit long term functional recovery

and contribute vascular cognitive impairment after stroke. On the other hand, ischemic stroke

induced astrocytic PTEN loss enhance ischemic damage and astrogliosis. Taken together, our

study indicates that ischemic stroke induces rapid PTEN degradation in both neurons and

astrocytes which play both protective and detrimental action in a spatiotemporal- and cell type-

dependent manner. Our study provides critical insight for targeting PTEN signaling pathway for

stroke treatment.
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Introduction

Phosphatase and tensin homolog deleted on chromosome 10 (PTEN) is a tumor suppressor

that negatively regulates the cell-survival signaling pathway initiated by

phosphatidylinositol 3-kinase (PI3K) (Carracedo and Pandolfi, 2008). PTEN is highly

expressed in neurons at the central nervous system (CNS) and increasing evidence indicates

that PTEN plays an important role in cognitive function. Conditional PTEN knockout in

neurons causes long-term potentiation (LTP) reduction and cognitive deficits in mice (Kwon

et al., 2006, Sperow et al., 2012). PTEN is also involved in cerebral ischemia/reperfusion

damage and its inhibition has been demonstrated to be neuroprotective through various

mechanisms. During ischemia/reperfusion, PTEN activity can be regulated by several post-

translational modifications: phosphorylation can inhibit its activity (Ross and Gericke,

2009); reactive oxygen species (ROS) can oxidize cysteine residues of PTEN and inhibit its

activity (Lee et al., 2002); and nitric oxide (NO) can covalently modify cysteine residues of

PTEN through S-nitrosylation, which will increase ubiquitination and lead to degradation of

PTEN (Kwak et al., 2010). In human stroke patients (Castillo et al., 2000) as well as

experimental rodent stroke models (Malinski et al., 1993), NO levels in the brains are

elevated significantly due to increased nitric oxide synthase activity. Increased S-

nitrosylation of PTEN and loss of PTEN expression have also been found in the brains of

Alzheimer's disease (AD) patients (Kwak et al., 2010). Beneficial actions of PTEN

inhibition are usually attributed to up-regulation of PI3K and downstream signaling through

Akt (Franke et al., 2003) (Mao et al., 2013). Further, down regulating PTEN expression has

been to shown to inhibit extra synaptic NMDA receptor activity, thus, attenuate

excitotoxicity induced by cerebral ischemia (Ning et al., 2004). In primary neurons,

knockdown of PTEN expression or inhibition of PTEN activity up-regulates surface

expression of GABAA receptors and increases GABAA receptor currents (Liu et al., 2010).

PTEN is also expressed in astrocytes at the CNS and conditional PTEN knockout in

astrocytes in mice lead to enlargement of the brain and increased astrocyte proliferation

(Fraser et al., 2004). Taken together, PTEN loss might have diverse actions on CNS in a

spatiotemporal and cell type dependent manner. In current study, we investigated the PTEN

expression after ischemia in mouse middle cerebral artery occlusion (MCAO) model and the

effects of neuronal and astrocytic PTEN loss on stroke outcome.

Experimental procedures

Middle cerebral artery occlusion and ischemia preconditioning

To investigate PTEN expression after MCAO, three month old male C57BL/6J (Jackson

Lab) mice were used. MCAO was conducted following a similar protocol as described

previously (Li et al., 2013). Briefly, mice were anesthetized by inhalation of isoflurane. The

left MCA was occluded by a 7-0 monofilament suture (Doccol Corporation) introduced via

internal carotid artery. After 90 minutes occlusion, the suture was withdrawn for
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reperfusion. Ischemia preconditioning was conducted by occluding MCA for 10 minutes

following previous study (McLaughlin et al., 2003). Twenty four hours after

preconditioning, mice were sacrificed; cortex and sub-cortex were dissected separately for

Western blot analysis.

PTEN conditional knockout mice

GFAP-cre (FVB-Tg(GFAP-cre)25Mes/J) (Zhuo et al., 2001), Nestin-cre (B6.Cg-Tg(Nes-

cre)1Kln/J) (Tronche et al., 1999) and PTENloxp/+ (C;129S4-Ptentm1Hwu/J) (Lesche et al.,

2002) mice were purchased from Jackson lab. GFAP-cre mice were bred with PTENloxp/loxp

mice to generate heterozygous PTEN conditional knockout mice GFAP-cre+/PTENloxp/+.

Nestin-cre mice were bred with PTENloxp/loxp mice to generate heterozygous PTEN

conditional knockout mice Nestin-cre+/PTENloxp/+. Nestin-cre+/PTENloxp/+ pups and their

control littermates (PTENloxp/+) were used for electrophysiological analysis. Six-month-old

GFAP-cre+/PTENloxp/+ mice and their control littermates (PTENloxp/+) were used for

MCAO.

Biotin-Switch assay

Biotin-Switch assay was used to isolate S-nitrosylated proteins as previously described (Yan

et al., 2012) with modifications. Protein lysate was made in a thiol-group blocking buffer

containing 100 mM sodium acetate (pH 7.0), 20 mM NaCl, 1% SDS and 100 mM N-

ethylmaleimide (NEM). The solution was incubated on a rotator at room temperature for 2

hrs followed by clarification of the mixture by centrifugation at 13,000 g for 10 min. The

supernatant was transferred to a PD-10 column to remove excess NEM in the supernatant by

gel filtration. Then, biotin-maleimide and ascorbate were added to the solution to final

concentrations of 0.1 mM and 5 mM, respectively. The sample was further incubated in dark

on a rotator at room temperature for 30 min. Proteins were then precipitated using 10% TCA

(final concentration) on ice for 10 min followed by centrifugation at 1,000 g for 5 min. The

pellet was washed three times with ethyl acetate: ethanol (1:1, v/v). The pellet was dissolved

and biotin labeled proteins were pulled down using streptavidin-agarose beads. Total protein

before pull-down was used as loading control. Samples were analyzed by Western blot.

Electrophysiological analysis of GABAA receptor currents

Effect of PTEN on GABAA receptors were investigated in mouse hippocampus slices

(postnatal day 13-14) as well as recombinant human GABAA receptor (α1β2γ2) stably

expressed HEK293 cells. Transverse brain slices (∼200 μm) containing the hippocampus

from wild type or conditional PTEN knockout mice were cut using a vibratome (VT1000S,

Leica Microsystems). All steps of brain dissection and tissue slicing were conducted in ice-

cold (∼ 4 °C) sucrose-based artificial cerebral-spinal fluid (ACSF) of the following

composition (in mM): 234 sucrose, 3.0 KCl, 7.0 MgSO4, 28 NaHCO3, 1.25 KH2PO4, 0.5

CaCl2, 10 glucose, 1.76 ascorbic acid and 3 pyruvic acid; 300 mOsm and pH ∼7.4 after

equilibration with a 95%O2/5% CO2 gas mixture. Slices were incubated in oxygenated

regular ACSF at 32°C for at least 1 hour and then at room temperature before being

transferred to the recording chamber. Individual CA1 pyramidal neurons within the slice

were visualized using an upright, fixed stage microscope (Nikon Optiphot-2UD) equipped

with standard Hoffman modulation contrast (HMC) optics and a video camera system (Sony
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model XC-75 CCD video camera module, DOT-X monitor). Whole-cell patch recordings

were made at room temperature (22 - 25 °C) at a holding potential of -70 mV in brain slices

and -60 mV in HEK 293 cells. Patch pipettes of borosilicate glass (M1B150F, World

Precision Instruments, Inc., Sarasota, FL) were pulled (Flaming/Brown, P-87/PC, Sutter

Instrument Co., Novato, CA) to a tip resistance of 3-5 MΩ. The pipette solution contained

(in mM): 140 CsCl, 10 EGTA, 10 HEPES, 4 Mg-ATP; pH 7.2. Slices or cells expressing

cloned GABAA receptors were superfused continuously (5-8 ml/min) with external solution

containing (in mM): 140 NaCl, 3.0 KCl, 2.0 MgCl2, 2.4 CaCl2, 10 HEPES, 10 D-glucose,

330 mOsm and pH 7.3. GABAA receptor-mediated currents (GABAergic IPSCs and

GABA-induced current) from the whole-cell configuration were obtained using a patch

clamp amplifier (Axopatch 200A, Axon Instruments, Foster City, CA) equipped with a

CV201A head stage. The currents were low-pass filtered at 5 kHz, monitored on an

oscilloscope and a chart recorder (Gould TA240), and stored on a computer for subsequent

analysis. 60-80% series resistance compensation was applied at the amplifier. Miniature

GABAergic inhibitory postsynaptic currents (mIPSCs) were isolated by adding glutamate

receptor antagonist kynurenic acid (1 mM) and tetrodotoxin (TTX 0.3 μM). GABAA

receptor-mediated currents were analyzed with pClamp 6.0 (Axon Instruments) and

Minianlysis 6.03 (Synaptosoft, Decatur, CA).

Oxygen-glucose deprivation (OGD) and hypoxia

OGD was induced in HT22 cells in a hypoxia chamber (0.2% oxygen, for 3 hours). Briefly,

cells were washed twice with PBS, switched to glucose- and fetal bovine serum (FBS)-free

Dulbecco modified Eagle medium (DMEM) and then incubated in the hypoxia chamber.

After OGD, glucose was added to the medium (11 mmol/L) during reperfusion. At 1 and 2

hours after reperfusion, there was no obvious cell death. At 24 hours after reperfusion, cell

death was observed and dead cells were discarded by washing twice with PBS, PTEN

expression was examined in the survived cell. Hypoxia was induced in the same hypoxia

chamber (1% oxygen) in normal DMEM medium with FBS and glucose.

Immunohistochemistry and Western blot analysis

Immunohistochemistry and Western blot were conducted as described previously (Li et al.,

2011). Antibodies for PTEN, GABAAR γ2, actin, NeuN, GFAP and Vimentin were

purchased from Santa Cruz. Antibodies for phospho-PTEN (pPTEN), phospho-AKT

(pAKT), AKT and p-S6K were purchased from Cell Signaling.

Statistical Analysis

Data were expressed as mean ± SEM. Student's t-test (paired or unpaired) or one-way

ANOVA with Student–Newman–Keuls multiple comparison test was used to determine

statistical significance (*, p<0.05; **, p<0.01).

Results

Ischemia induces rapid PTEN S-nitrosylation and degradation

We examined PTEN expression in the cortex at 1 hr after MCAO. Immunohistochemistry

indicated a substantial decrease of PTEN protein level in the ischemic area, while MAP2
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staining indicated that there was no obvious neuron loss at this early time point (Fig. 1A).

Cysteine residues of PTEN can be modified by S-nitrosylation, which leads to ubiquitination

and degradation of PTEN. We examined PTEN S-nitrosylation during MCAO and at 30

minutes after reperfusion. We found that PTEN nitrosylation was increased at the ipsilateral

hemisphere at 90 minutes of MCAO. A further increase of PTEN nitrosylation was observed

at 30 minutes after reperfusion (Fig. 1B). These data suggest that PTEN nitrosylation

occurred at very early phase during cerebral ischemia/reperfusion and contributed to the

rapid degradation of PTEN. Phospho-PTEN was also decreased in the ischemic cortex at 1

hr of MCAO when no apparent neuron loss was found evidenced by the unchanged NeuN

staining in the ischemic cortex (Fig. 1C). Consistently, an increase of Akt phosphorylation

was observed in the ischemic cortex at 1 hr of MCAO (Fig. 1D).

At 24 hrs after MCAO, PTEN remained depleted in the ischemic area. A lower PTEN

expression was found in the survival neurons at the penumbra area (Fig. 2A). PTEN loss in

the ischemic area was associated with an increase of Akt phosphorylation (Fig. 2B). A

higher phospho-PTEN level was observed in the survived neurons at the ischemic area

(indicated by NeuN staining) than those at the non-ischemic area (Fig. 2C).

We then determined the effect of ischemia-reperfusion injury on PTEN expression in vitro.

Oxygen glucose deprivation (OGD) induced PTEN degradation in hippocampal cell line

HT22. PTEN level was significantly decreased at 2 and 24 hours after reoxygenation (Fig.

3A, B). In addition, hypoxia alone also significantly decreased PTEN expression (Fig. 3C).

Ischemia preconditioning has been shown to be protective against subsequent sever ischemic

attack (McLaughlin et al., 2003). We examined PTEN expression after 10 minutes ischemia

preconditioning. PTEN expression was significantly decreased in the subcortical region at

24 hrs after preconditioning as indicated by Western blot (Fig. 4A). Immunohistochemistry

analysis also suggested decreased PTEN expression in the subcortical region which was

coincident with an increase of pAkt expression (Fig. 4B). This data suggests that in our 10

minutes ischemia-preconditioning model, PTEN degradation might contribute to the

protective effect of ischemia preconditioning to the subcortex

PTEN deletion increases synaptic GABAA receptor expression and currents

A recent study suggested that PTEN inhibition protects primary hippocampal neurons

against ischemic damage by elevating GABAA receptor current (Liu et al., 2010). We

examined the effects of PTEN loss on GABAergic neurotransmission in vivo using the

heterozygous conditional PTEN knockout mice (Nestin-cre+/PTENloxp/+). Western blot

analysis indicated a decrease of PTEN expression and activation of Akt and mTOR

signaling evidenced by the increase of pAkt and p-S6K (Fig. 5A). An increase of neuron

number and thickness of cerebral cortex were found in conditional PTEN knockout mice as

compared with wild type. No obvious difference in neuron number and size at hippocampal

CA1 was observed between conditional PTEN knockout mice and wild type (Fig. 5B).

Western blot analysis indicated increased expression of GABAA receptor γ2 subunit in

PTEN knockout mice (Fig. 5C). Consistently, in primary hippocampal neurons, the PTEN

inhibitor, Dipotassium bisperoxo (5-hydroxypyridine-2-carboxyl) oxovanadate (V) (BPV)
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treatment activated mTOR pathway and increased the expression of GABAA receptor γ2

subunit (Fig. 5D).

Patch clamp whole cell recordings of GABAergic synaptic neurotransmission were

conducted in CA1 neurons from wild type and conditional PTEN knockout mice. Consistent

with the increase of GABAAR γ2 subunit expression, the maximal current density (current/

capacitance) to saturating GABA concentration (1 mM) and the amplitude of GABAergic

miniature IPSCs were significantly increased in the conditional PTEN knockout mice

compared with wild type control (Fig. 6A-C). We examined the effect of PTEN inhibitor

BPV on GABAA receptor current recorded from HEK293 cells stably expressing human

α1β2γ2 GABAA receptors. BPV treatment (100 nM, 24 hrs) significantly increased the

maximal current density for GABAA receptor-mediated current compared to vehicle control

(Fig. 6D). These data indicated that PTEN regulates GABAA receptor function.

At 24 hrs after MCAO, we observed an increased expression of GABAAR γ2 subunit in the

survival neurons at the ischemia region. In addition, decrease of PTEN expression and

increase of GABAAR γ2 subunit expression were indicated in ipsilateral hippocampal

neurons as compared with the contralateral hippocampus (Fig. 7A). Increase of GABAAR γ2

subunit was still observed in the penumbra area at 3 days after MCAO (Fig. 7B).

Effects of astrocytic PTEN loss in ischemia

In the brain, neurons have much higher level of PTEN expression. Immunohistochemistry

did not clearly show change of PTEN expression in astrocytes in ischemia. We used flow

cytometry to examine PTEN expression in astrocytes after ischemic stroke. At 24 hrs after

MCAO, ischemic region and contralateral control region were dissected. Tissues were

dissociated to single cells and stained with antibodies against PTEN and GFAP. Flow

cytometry analysis indicated that more GFAP positive cells have lower PTEN expression in

the ischemic hemisphere after MCAO (Supplement Fig. 1), suggesting that PTEN

degradation also occurred in astrocytes. To examine the effect of astrocytic PTEN loss on

ischemic stroke, we generated heterozygous conditional astrocyte specific PTEN knockout

mouse (GFAP-cre+/PTENloxp/+) (Fig. 9A). Conditional PTEN knockout significantly

increased lesion size induced by MCAO (Fig. 9B). In addition, sever glia scar was observed

in the PTEN knockout mice as indicated by GFAP and vimentin immunohistochemistry.

Ki67/GFAP double staining suggested the conditional PTEN knockout increased astrocyte

proliferation after ischemic stroke (Fig. 9C, D).

Discussion

Our data showed that ischemia induced rapid PTEN nitrosylation and degradation in the

ischemia region. Study measuring NO metabolite nitrite level after MCAO suggested that

NO production was significantly increased as early as after 5 minutes MCAO (Kader et al.,

1993). Nitric oxide can modify cysteine residues of PTEN by S-nitrosylation. S-nitrosylation

at cysteine residue Cys-83 of PTEN can inhibit its phosphatase activity. PTEN S-

nitrosylation can also enhance ubiquitination, which leads to the degradation of PTEN

(Kwak et al., 2010, Numajiri et al., 2011). We observed PTEN nitrosylation immediately

after 90 minutes of ischemia, which could explain the rapid PTEN loss we observed at 1
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hour after reperfusion. Both PTEN degradation and inhibiting its phosphatase activity will

lead to activation of Akt and downstream signaling cascades. In our study, increased pAkt

level was observed in the ischemia region at 1 hour after reperfusion, which was further

increased at 24 hours after perfusion. Given the well established protective action of Akt

against ischemic damage (Dudek et al., 1997, Zhang et al., 2007), and that PTEN inhibitor

reduces infarct size and behavioral impairments (Mao et al., 2013), we speculated that S-

nitrosylation and degradation of PTEN function as a self-protective mechanism against

ischemic damage. Our data also demonstrated that ischemia preconditioning decreased

PTEN expression in the subcortical area at 24 hours after preconditioning, which was

coincident with an increased Akt activation. As ischemia preconditioning has been shown to

be protective against following ischemia damage (McLaughlin et al., 2003), our data

suggests that ischemia induced PTEN loss might contribute to the protective effect of

preconditioning.

A recent in vitro study suggested that PTEN inhibition could protect primary neurons

against ischemia by increasing surface expression of GABAA receptor which increases

GABA-mediated inhibition and reduces excitotoxicity (Liu et al., 2010). We investigated

GABAA receptor function in the conditional PTEN knockout mice. We found that the

expression of GABAA receptor γ2 subunit and GABAA receptor maximal current density

were significantly increased in heterozygous conditional PTEN knockout mice. Previous

studies suggested that Akt activation could increase membrane translocation of GABAA

receptor, which leads to the increase of GABAA receptor current (Wang et al., 2003,

Serantes et al., 2006). In agreement with these studies, we found that, in GABAA receptor

(α1β2γ2) stable expressing HEK293 cells, PTEN inhibition increased maximum GABAA

receptor current. In the current study, increased expression of GABAAR γ2 subunit was

found in the ischemia region and ipsilateral hippocampus coincidence with the PTEN loss

after stroke, suggesting that ischemia-induced PTEN loss might contribute to the protective

effect through increasing GABAA receptor expression and GABAA receptor current.

Although increasing GABA-mediated inhibition could reduce excitotoxicity in the acute

phase of ischemic stroke, excessive GABA-mediated inhibition could impair long-term

function recovery (Clarkson et al., 2010). We observed an increase of GABAA receptor γ2

subunit expression in the penumbra at 3 days after MCAO. In addition, we have identified

that transient focal cerebral ischemia could induce PTEN reduction and increase of GABAA

receptor expression in the hippocampus which is beyond the ischemic territory (unpublished

observations). We speculate that the reduction of PTEN and increase of GABAA inhibition

might partly contribute to the vascular cognitive function decline after ischemic stroke (Li et

al., 2013).

We found that ischemia also induced PTEN loss in astrocytes. PTEN deletion in vivo in

astrocytes induced by GFAP-cre+/PTENloxp/loxp lead to enlargement of the entire brain,

caused hypertrophy and increased proliferation of astrocytes (Fraser et al., 2004).

Heterozygous knockout of PTEN in astrocytes did not cause significant enlargement of the

brain, but was still able to accelerate formation of high-grade astrocytoma (Kwon et al.,

2008). We observed that heterozygous conditional knockout of PTEN in astrocytes

significantly increased lesion size induced by MCAO. In addition, increase of astrogliosis
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was indicated in the conditional GFAP PTEN knockout mice evidenced by the increase of

Ki67 positive astrocytes and up-regulation of GFAP and vimentin expression. We

speculated that the increase of astrogliosis might be due to the larger lesion size as well as

the enhanced astrocyte proliferation induced by the conditional GFAP PTEN knockout.

In conclusion, our results indicate that ischemia induced rapid degradation of PTEN in both

neurons and astrocytes. The reduction of PTEN expression induced by ischemic stroke plays

both protective and detrimental roles in a spatiotemporal- and cell type-dependent manner.

Neuronal PTEN loss activate Akt and results in an increased expression and activation of

GABAA signaling, which provides protective action against ischemic stroke at acute phase,

but compromises long-term functional recovery and contribute to vascular cognitive

impairment. On the other hand, astrocytic PTEN loss exacerbates ischemic damage and

enhances astrogliosis (Fig. 10). The current study provides critical insight for targeting

PTEN signaling pathway for stroke treatment.
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Highlights

• Ischemia induced rapid S-nitrosylation and degradation of PTEN.

• Neuronal PTEN loss activated AKT and increased GABAA receptor expression

and function.

• Astrocytic PTEN loss increased astrogliosis and exacerbated ischemia damage.
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Figure 1. PTEN nitrosylation and degradation after ischemic stroke
(A) PTEN expression in the cortex at 1 hour after MCAO. (B) Representative biotin-switch

assay demonstrates PTEN S-nitrosylation immediately after MCAO (no reperfusion) and at

30 minutes after MCAO. (C) Representative immunohistochemistry shows phospho-PTEN

(pPTEN) expression in the cortex at 1 hour after MCAO. (D) Expression of phospho-Akt

(308) and (473) in the ischemia region at 1 hour after MCAO. IS: ischemia region.
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Figure 2. PTEN expression at 24 hours after transient focal cerebral ischemia
(A) Representative immunohistochemistry show PTEN expression in the cortex at 24 hours

after MCAO. (B) Representative immunohistochemistry show expression of phospho-Akt

(308) and (473) in the ischemia region at 24 hours after MCAO. (C) Representative

immunohistochemistry show phospho-PTEN (pPTEN) expression in the cortex at 24 hours

after MCAO. IS: ischemia region.
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Figure 3. OGD induces PTEN degradation in HT22 cells
PTEN expression in HT22 cells immediately after oxygen-glucose deprivation (0.2%

oxygen for 3 hours) and at 1, 2 (A), and 24 hours (B) after reperfusion with normal medium

(REP) (n=3). (C) PTEN expression at 24 hours of hypoxia (1% oxygen) (n=3).
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Figure 4. Ischemia preconditioning induces PTEN loss
(A) Western blot (n=4) and immunohistochemistry (arrows indicated area) demonstrated

that PTEN expression was decreased in the ipsilateral subcortex at 24 hours after ischemic

preconditioning (10 minutes MCAO). (B) Immunohistochemistry of pAkt (308) in the

subcortex at 24 hours after preconditioning.
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Figure 5. PTEN loss increases GABAA receptor expression
(A) Genotyping of the heterozygous conditional PTEN knockout mice Nestin-cre+/

PTENloxp/+ (nKO), and expression of PTEN, pAkt, p-S6K in the hippocampus. (B) NeuN

staining of the cortex and hippocampus CA1 region. (C) Western blot analysis of expression

of GABAAR γ2 subunit in the hippocampus (n=5). (D) PTEN inhibitor BPV (200 nM for 72

hours) treatment increased expression of GABAAR γ2 subunit in primary neurons.
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Figure 6. PTEN knockout/inhibition increases GABAA receptor-mediated IPSC and maximal
currents
(A) Representative miniature IPSCs (mIPSCs) in wild type (WT) and Nestin-cre+/

PTENloxp/+ (nKO) mice. GABAergic mIPSCs were isolated with 1 mM kynurenic acid and

0.3 μM TTX. The holding potential was -70 mV. (B) Conditional PTEN KO increased

amplitude of mIPSCs (WT: n=7; nKO: n=13). (C) Conditional PTEN KO increased GABAA

receptor maximal current density (pA/pF) in response to 1 mM GABA recorded in CA1

pyramidal neurons (WT: n=10; nKO: n=9). (D) PTEN inhibitor (BPV 100 nM, 24 hrs)

increased maximal GABAA receptor current density activated by 1 mM GABA recorded

from single HEK293 cell stably expressing human α1β2γ2 GABAA receptors (n=16 for

control (CTL) and BPV).
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Figure 7. Increased expression of GABAA receptor γ2 subunit after MCAO
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Figure 8. PTEN loss in astrocytes after MCAO
Flow cytometer analysis of PTEN and GFAP expression in mice brain at 24 hours after

MCAO.
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Figure 9. PTEN reduction in astrocytes increases ischemic brain damage induced by MCAO
(A) Representative Western blots shows PTEN and GFAP expression in GFAP-cre+/

PTENloxp/+ mice (gKO). (B) GFAP staining of brain section derived from wild type and

conditional PTEN knockout mice at 10 days after MCAO. Bar graph indicates quantitative

analysis of the lesion area surrounded by the glia scar (WT: n=3; gKO: n=5). (C)

Representative Ki67 and GFAP double staining of glia scar (arrows indicates double-stained

cells) in wild type and conditional GFAP PTEN knockout mice. (D) Representative

vimentin staining of glia scar in wild type and conditional GFAP PTEN knockout mice.

Li et al. Page 19

Neuroscience. Author manuscript; available in PMC 2015 August 22.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 10. A schematic depiction of the roles of PTEN loss after ischemic stroke
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