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Abstract

Glutamate transporter type 3 (EAAT3) may play a role in cognition. Isoflurane enhances EAAT3
trafficking to the plasma membrane. Thus, we used isoflurane to determine how EAAT3 might
regulate learning and memory and the trafficking of a-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptors, such as GIuR1, to the plasma membrane, a fundamental
biochemical process for learning and memory. Here, isoflurane increased EAAT3 but did not
change GIuR1 levels in the plasma membrane of wild-type mouse hippocampus. Isoflurane
increased protein phosphatase activity in wild-type and EAAT3~/~ mouse hippocampus. Also,
isoflurane reduced GIuR1 in the plasma membrane and decreased phospho-GIluR1 in EAAT3~/~
mice. The phosphatase inhibitor okadaic acid attenuated these effects. Finally, isoflurane inhibited
context-related fear conditioning in EAAT3™/~ mice but not in wild-type mice. Thus, isoflurane
may increase GIuR1 trafficking to the plasma membrane via EAAT3 and inhibit GIuR1 trafficking
via protein phosphatase. Lack of EAAT3 effects leads to decreased GluR1 trafficking and
impaired cognition after isoflurane exposure in EAAT3™~ mice.
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Introduction

Glutamate is the major excitatory neurotransmitter in the central nervous system. Taking up
extracellular glutamate by glutamate transporters (also named excitatory amino acid
transporters, EAAT) is a main process to maintain the extracellular glutamate levels within
the physiological ranges (Rothstein et al., 1996; Danbolt, 2001). Glutamate transporter type
3 (EAAT3) is the major neuronal EAAT (Rothstein et al., 1994; Danbolt, 2001). In addition
to taking up glutamate, EAAT3 has been shown to have other functions. We and others have
found that EAAT3 knockout mice have learning and memory deficits (Aoyama et al., 2006;
Lee et al., 2012). Fear conditioning is associated with increased trafficking of EAAT3 to the
plasma membrane in the hippocampus (Levenson et al., 2002). These findings suggest a role
of EAATS in the learning and memory. However, it is no clear how this effect of EAAT3 is
exerted.

A fundamental biochemical process underlying learning and memory is to increase synaptic
strength by enhancing the trafficking of a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic
acid receptors (AMPARS) to the neuronal plasma membrane (Rumpel et al., 2005;
Miyamoto, 2006; Whitlock et al., 2006; Man et al., 2007). GIuR1 is an AMPAR subunit,
whose trafficking to the plasma membrane is enhanced after its phosphorylation by protein
kinases, such as protein kinase A (PKA) (Esteban et al., 2003; Man et al., 2007). However,
protein phosphatases dephosphorylate GIuR1 and inhibit its trafficking to the plasma
membrane (Mansuy and Shenolikar, 2006). The role of EAAT3 in these complex
biochemical processes remains obscure.

To explore the role of EAAT3 in regulating GluR1 trafficking and cognition, we used
isoflurane, a commonly used volatile anesthetic in clinical practice, in this study. This use is
because isoflurane enhances EAAT3 trafficking to the plasma membrane (Huang and Zuo,
2005; Huang et al., 2006; Huang et al., 2011). If EAATS3 trafficking to the plasma
membrane plays a role in regulating synaptic strength, it should be expected that isoflurane
would enhance learning and memory. However, the effect of isoflurane on learning and
memory has been controversial. Some studies indicate improved learning and memory of
rodents after exposure to isoflurane (Rammes et al., 2009), while others do not observe this
effect (Butterfield et al., 2004; Bekker et al., 2006; Lee et al., 2012) or found a detrimental
effect on learning and memory (Lin and Zuo, 2011; Valentim et al., 2010). Different animal
models, anesthetic exposure methods and testing schedules for assessing learning and
memory may have contributed to the contradictory findings. These inconsistent findings also
suggest that isoflurane may affect many biochemical processes that are involved in learning
and memory and may be a good reagent to use for identifying the interaction of EAAT3
with the known biochemical processes for learning and memory. In addition, determining
the effects of isoflurane on these biochemical processes will improve our understanding on
how anesthetics/anesthesia may affect the learning and memory. Thus, we designed ex vivo
and in vivo experiments using wild-type and EAAT3 knockout mice to determine the
possible role of EAAT3 in regulating GIuR1 trafficking and cognition and the effects of
isoflurane on this regulation.
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These studies were conducted following protocols that were approved by Institutional
Animal Care and Use Committee of the University of Virginia (Charlottesville, VA, USA).
All animal experiments were performed according to the latest National Institutes of Health
Guidelines for the Care and Use of Laboratory Animals. We strived to minimize the number
of animals and their suffering.

Eight- to twelve-week old male EAAT3 knockout mice and their wild-type CD1 littermates
were used in these studies. The EAAT3 knockout mice were from the strain as described by
Peghinni et al (Peghini et al., 1997). The CD-1 wild-type mice were from Charles River
Laboratories (Wilmington, MA, USA). The EAAT3 knockout mice have a disrupted exon 1
of the EAAT3 gene. They were backcrossed with wild-type CD-1 mice for at least 10
generations before they were used in our study. Our previous studies showed that these mice
did not express EAAT3 proteins (Lee et al., 2010; Li and Zuo, 2011). To prevent genetic
drift and as recommended by the Banbury Conference (Silva et al., 1997), the EAAT3
knockout mice were backcrossed with CD-1 wild-type mice at least once every eight
generations

Hippocampal slices preparation

Similar to what we have reported (Huang and Zuo, 2005; Jung et al., 2008), fresh
hippocampal slices were prepared from 8- to 12-week old EAAT3 male knockout mice and
their wild-type littermates. Mice were euthanized by 5% isoflurane and then decapitated
immediately. The brain was removed rapidly and placed in ice-cold artificial cerebrospinal
fluid (ACSF) containing 116 mM NaCl, 26.2 mM NaHCOQg3, 5.4 mM KCI, 1.8 mM CaCl,,
0.9 mM MgCl,, 0.9 mM NaH,PQy, and 5.6 mM glucose (pH 7.4). Hippocampal slices at
300 um in thickness were cut by a vibrating tissue slicer (Microslicer DTK 1500E, TED
Pella, Inc., Redding, CA) in cold cutting solution (260 mM sucrose, 26.2 mM NaHCOs3, 3
mM KCI, 1.2 mM NaHyPOy4, 5 mM MgCl,, and 9 mM glucose, pH 7.4). The solution was
bubbled with 5% CO, and 95% O,. The slices were then kept for 0.5 h at 4°C in the ACSF
gassed with 5% CO, and 95% O, before they were used for experiments.

Isoflurane exposure

ACSF at 1 ml per well in 24-well cell culture plate was bubbled with 2% isoflurane in
oxygen for 5 min at 37°C before freshly prepared hippocampal slices were place in the
ACSF. The ACSF was then bubbled with the isoflurane containing gases for additional 5
min. The concentrations of gases including isoflurane were monitored continuously by a
Date™ infrared analyzer (Capnomac, Helsinki, Finland). The exposure to 2% isoflurane for
5 min was chosen because this condition significantly increased EAAT3 trafficking to the
plasma membrane.13 14

In the in vivo experiment, mice were exposed to isoflurane by placing them in a chamber
gassed with 2% isoflurane in oxygen for 5 min. To maintain the body temperature of the
mice, part of the chamber was submerged in a water-bath at 37°C.
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Reagent application during isoflurane treatment

Some hippocampal slices were incubated with or without isoflurane in the presence or
absence of 2 UM KT5720, a PKA inhibitor, or 1 uM okadaic acid (OA), an inhibitor for
protein phosphatase 1 and 2A, at 37°C. Some hippocampal slices from EAAT3 knockout
mice were incubated with 400 UM acetoxymethyl ester of N6-benzoyl-cAMP (6-BNZ-
cAMP-AM), a PKA activator, for 5 min at 37°C. KT5720 and 6-BNZ-cAMP were initially
dissolved in dimethyl sulfoxide (DMSO) and then diluted with ACSF. The highest DMSO
concentration in the final incubation buffer containing KT5720 and 6-BNZ-cAMP were 1%
and 2%, respectively. This amount of DMSO was used in the corresponding vehicle
experiments. OA was dissolved in ACSF. KT5720 and OA were added at the same time as
isoflurane was introduced to the slices.

Biotinylation
Fresh slices were incubated with or without isoflurane or other agents for 5 min in ACSF
containing 1 mg/ml sulfosuccinimidyl-2-(biotinamido)ethyl-1,3-dithiopropionate (sulfo-
NHS-SS-biotin; Thermo Scientific, Rockford, IL) at 37°C with gentle shaking (Huang and
Zuo, 2005; Huang et al., 2006). The ACSF was removed and ice-cold phosphate buffered
saline (PBS)-Ca?*/Mg containing 100 mM glycine was added to the slices for 10 min twice
to quench unreacted sulfo-NHS-SS-biotin. The slices were homogenized and kept in lysis
buffer (PBSCa 2*/Mg containing 0.1% SDS, 1% Triton X-100 and protease inhibitors) for 1
h. The homogenates were centrifuged at 14,000 g for 10 min at 4°C to remove nuclei and
debris. An aliquot of the supernatant (100 pl) was kept aside for determination of phospho-
GIuR1 by western blotting. About 300 pl supernatant was affinity-purified overnight at 4°C
on NeutrAvidin beads and the purified biotinylated proteins was re-suspended in 200 pl of 2
x Laemmli buffer containing 5% 2-mercaptoethanol and 50 mM dithiothreitol for 30 min at
4°C.

Immunoprecipitation

Immunoprecipitation was performed as we described previously (Huang and Zuo, 2005;
Huang et al., 2006). After being exposed or not being exposed to 2% isoflurane for 5 min,
hippocampal slices were lysed in 300 ul of lysis buffer containing 50 mM Tris-HCI, 1%
Nonidet P-40, 0.5% sodium deoxycholate, 50 mM NaCl and complete protease inhibitors for
1 hat 4°C. The lysates were centrifuged at 14,000 g for 10 min to remove cell debris. The
resulting supernatants were incubated overnight with 2 ug of affinity-purified polyclonal
rabbit anti-EAAT3 antibody (Alpha Diagnostics International, San Antonio, TX) at 4°C.
The mixture was then incubated with 40 ul of Protein A/G Plus-Agarose beads for 1 h at
4°C with gentle shaking. The sample was then centrifuged at 500 g for 2 min at 4°C. The
beads were washed four times with lysis buffer, and the immune complexes were then eluted
by incubation with 100 ul of Laemmli buffer at 90°C to 95°C for 5 min.

Western Blot Analysis

About 30 — 50 ug proteins per lane were subjected to 10% SDS-polyacrylamide gel
electrophoresis and then were electrotransferred to nitrocellulose membranes. The protein
bands were probed with the following primary antibodies over-night at 4°C: rabbit
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polyclonal anti-EAAT3 at 0.5 pg/ml, goat polyclonal anti-GluR1 at 1:1000 dilution, goat
polyclonal anti-phospho-GluR1-ser845 at 1:500 dilution, rabbit polyclonal anti-PKA at
1:2000 dilution or rabbit polyclonal anti-glyceraldehydes 3-phosphate dehydrogenase
(GAPDH) at 1:3000 dilution. The anti-GIuR1 and anti-phospho-GIluR1 antibodies were from
Santa Cruz Biotechnology (Santa Cruz, CA). The anti-PKA antibody was from Cell
Signaling (Danvers, MA). The anti-GAPDH antibody was from Sigma-Aldrich (St. Louis,
MO, USA). The membrane was then incubated with a horseradish peroxidase-conjugated
goat anti-rabbit (1:4000 dilution) or donkey anti-goat (1:4000 dilution) antibody for 2 h at
room temperature. The protein bands were visualized by the enhanced chemiluminescence
method and quantified using the G:Box equipped with Gene tools analysis software
(Syngene, Frederick, MD). The densities of protein bands were normalized to those of
GAPDH or EAATS3 (the immunoprecipitation experiments) in the same sample and then
normalized by the same day control results. The hippocampal slices for the control and
experimental conditions on the same day were from the same mice.

Phosphatase activity assays

After being exposed or not being exposed to 2% isoflurane for 5 min, hippocampal slices
were sonicated and placed in 300 pl lysis buffer for 30 min at 4°C. The lysates were
centrifuged at 14,000 g for 10 min. The supernatants were used to detect the phosphatase
activity according to the protocol of phosphatase assays kit (Cat number: 786453, G-
Biosciences, St Louis, MO).

Fear conditioning test

Fear conditioning was performed by using the Freeze Monitor from San Diego Instruments
(San Diego, CA) as we described before (Lin and Zuo, 2011; Li et al., 2013). Briefly, each
animal was placed in a test chamber wiped with 70% alcohol and subjected to three tone-
foot shock pairings (tone: 2000 Hz, 75 db, 30 s; foot shock: 0.3 mA, 2 s) with an inter-trial
interval of 1 min in a relatively dark room. Animal was removed from the test chamber 30 s
after the conditioning training. Five minutes after this training, mice were exposed to 2%
isoflurane in oxygen or only oxygen for 5 min. Mice were placed back in the chamber 24 h
later for 5 min in the absence of tone and shock. The amount of time with freezing behavior
was recorded in this 5 min. The animal was placed 2 h later in a test chamber that had a
different context and smell environment from the first test chamber (this second chamber
was wiped with 1% acetic acid) in a relatively light room. After a 2-min acclimatization
time, the auditory stimulus then was turned on for three cycles, each cycle for 30 s followed
by a 1-min inter-cycle interval (4.5 min in total). The freezing behavior in the 4.5 min period
was recorded. Freezing behavior was defined as absence of all movements except for
respiration. Freezing behavior assessment was scored from the video by one observer
blinded to group assignment. These tests test hippocampus-dependent (context-related) and
hippocampus-independent (tone-related) learning and memory functions (Kim and
Fanselow, 1992).

Statistics Analysis

Results are presented as mean + S.E.M. (n = 5). The n indicates the number of animals used
in each condition. Statistical analysis was performed by paired t-test or repeated-measures
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ANOVA followed by Tukey test for post hoc comparison as appropriate for the data of
experiments using hippocampal slices or by t-test or Mann-Whitney Rank Sum test as
appropriate for the fear conditioning data. A P < 0.05 was considered statistically
significant.

Isoflurane did not affect the trafficking of GIuR1 to the plasma membrane of wild-type
mouse hippocampus but decreased GluRL1 trafficking to the plasma membrane of EAAT3
knockout mouse hippocampus

Similar to our previous results (Huang and Zuo, 2005; Huang et al., 2006), exposure of
mouse hippocampus to 2% isoflurane for 5 min significantly increased the trafficking of
EAATS to the plasma membrane of wild-type mice (Fig. 1A). Isoflurane also increased the
amount of PKA in EAAT3 immunoprecipitates prepared from hippocampal lysates (Fig.
1B). However, isoflurane did not change the trafficking of GIuR1 to the plasma membrane
in the wild-type mouse hippocampus but decreased GIuR1 trafficking to the plasma
membrane of EAAT3 knockout mouse hippocampus (Fig. 1C).

PKA inhibition did not affect isoflurane-induced inhibition of GIuR1 trafficking to the
plasma membrane of EAAT3 knockout mouse hippocampus

The PKA inhibitor KT5720 did not affect the GIuR1 trafficking to the plasma membrane of
EAAT3 knockout mouse hippocampus under control and isoflurane exposure condition (Fig.
2A). Consistent with this finding, KT5720 also did not affect the phosphorylation of GIuR1
at ser845 (Fig. 2B), a PKA phosphorylation site (Esteban et al., 2003; Man et al., 2007).
However, 6-BNZ-cAMP-AM, an agonist of PKA, increased GIuR1 trafficking to the plasma
membrane in the EAAT3 knockout mouse hippocampus (Fig. 2C).

Protein phosphatase inhibition attenuated isoflurane-induced inhibition of GIluR1
trafficking to the plasma membrane of EAAT3 knockout mouse hippocampus

Protein phosphatases can dephosphorylate GluR1, which then inhibits GIuR1 trafficking to
the plasma membrane (Mansuy and Shenolikar, 2006). To determine the role of
phosphatases in the isoflurane effects on GIuR1 trafficking, we first determine the effects of
isoflurane on phosphatase activity. Isoflurane significantly increased phosphatase activity in
the hippocampus of wild-type and EAAT3 knockout mice (Fig. 3A). OA, a phosphatase
inhibitor, attenuated the isoflurane-induced inhibition of GIuRL1 trafficking and
phosphorylation at ser845 in the hippocampus of EAAT3 knockout mice, although OA did
not affect GIuR1 trafficking and phosphorylation under control condition (Figs. 3B and 3C).

Isoflurane impaired context-related fear conditioning in the EAAT3 knockout mice

Although isoflurane did not affect the context- and tone-related fear conditioning in the
wild-type mice (Fig. 4A), it significantly reduced context-related but not tone-related fear
conditioning in the EAAT3 knockout mice (Fig. 4B).
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Discussion

Previous studies have implied a possible role of EAAT3 in learning and memory (Levenson
et al., 2002; Aoyama et al., 2006; Lee et al., 2012). Consistent with our previous studies
(Huang and Zuo, 2005; Huang et al., 2006), isoflurane increased EAATS3 trafficking to the
plasma membrane in the hippocampus. Isoflurane also increased the amount of PKA in the
immunoprecipitates prepared by an EAAT3 antibody, suggesting that EAAT3 may directly
or indirectly be associated with PKA. PKA can phosphorylate/activate GIuR1, which
facilitates GIUR1 trafficking to the plasma membrane (Esteban et al., 2003; Man et al.,
2007). However, isoflurane did not affect GIuR1 trafficking to the plasma membrane in the
wild-type mouse hippocampus in our study. This outcome may be the results of countering
effects from protein kinases and phosphatases on GIuR1 phosphorylation status because
isoflurane also increased protein phosphatase activity in the wild-type mouse hippocampus.
This increased phosphatase activity may not be countered in the EAAT3 knockout mice
because isoflurane decreased GIuR1 phosphorylation and trafficking to the plasma
membrane in these mice and phosphatase inhibition attenuated the effects of isoflurane on
GIluR1 phosphorylation and trafficking. PKA activation by 6-BNZ-cAMP-AM increased
GluR1 trafficking to the plasma membrane in the EAAT3 knockout mice, suggesting that
the signaling pathway downstream of PKA to lead to GIuR1 trafficking is intact in these
mice. PKA may not play an important role in the isoflurane effects on GIluR1
phosphorylation and trafficking in the hippocampus of these mice because PKA inhibition
did not affect GIuR1 phosphorylation and trafficking. Together, our results suggest that
isoflurane may work on protein kinases via EAAT3 to increase GIuR1 phosphorylation and
trafficking and increases phosphatase activity to decrease GIuR1 phosphorylation and
trafficking. These two effects counter each other in the wild-type mice but the inhibitory
effect on GIuR1 trafficking is predominant in the EAAT3 knockout mice under the current
experimental conditions.

Our results suggest a possible interaction between PKA and EAAT3. This interaction may
be at the plasma membrane because many components of the signaling pathway to activate
PKA, such as the G proteins, are at the plasma membrane. There is a significant PKA
activity in the plasma membrane (Depry et al., 2011). Also, isoflurane increased EAAT3
trafficking to the plasma membrane. Activated PKA can then phosphorylate GIuR1 to
enhance its trafficking to the plasma membrane.

Consistent with our findings from Ex vivo hippocampal slice experiments, isoflurane did not
affect the context- and tone-related fear conditioning of wild-type mice. However, isoflurane
reduced context- but not tone-related fear conditioning in the EAAT3 knockout mice. Since
context-related fear conditioning is hippocampus-dependent and tone-related fear
conditioning is hippocampus-independent (Kim and Fanselow, 1992), our results suggest
that hippocampus-dependent learning and memory is impaired by isoflurane in the EAAT3
knockout mice.

Our findings are significant. The best evidence so far in the literature for a possible role of
EAATS3 in the learning and memory is that fear conditioning is associated with an increased
EAATS trafficking to the plasma membrane (Levenson et al., 2002). Our current study
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provides additional evidence for this role. We also provide initial evidence for the increased
phosphatase activity induced by isoflurane and the effects of isoflurane on GIuR1 trafficking
and phosphorylation. These findings improve our understanding of isoflurane effects on
learning and memory.

There are limitations in our study. Our findings suggest a role of EAATS3 in activating
protein kinases after isoflurane exposure. However, detailed molecular mechanisms for this
role are not investigated. Further studies are needed to identify these mechanisms. Also,
EAATS3 deletion in the EAAT3 knockout mice may induce compensatory changes that may
contribute to the findings in this study. Identifying these changes may help determine this
possibility. However, our results do not suggest a high possibility for the compensatory
changes to contribute to our findings because protein phosphatase activity was equally
increased by isoflurane in the hippocampal slices of wild-type and EAAT3 knockout mice.
Increase of protein phosphatase activity is considered to be a mechanism for isoflurane to
reduce GIuR1 phosphorylation and trafficking to the plasma membrane in our study.

In summary, we have found that isoflurane may alter GIuR1 phosphorylation and trafficking
in the hippocampus via its effects with two opposite directions. EAAT3 may participate in
the isoflurane effects to increase GIuR1 phosphorylation and trafficking. Lack of EAAT3
leads to the decreased GluRL1 trafficking and impaired learning and memory after isoflurane
exposure in the EAAT3 knockout mice.
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Fig. 1.

Isgflurane induced EAAT3 but not GIuR1 trafficking to the plasma membrane in the CD1
wild-type mouse hippocampus. A: the amount of biotinylated EAAT3 normalized by
GAPDH. B: the amount of PKA normalized by EAAT3 in the immunoprecipitates prepared
by an anti-EAAT3 antibody. C: the amount of biotinylated GIuR1 normalized by GAPDH.
Results are mean + S.E.M. (n = 6 for panels A, = 9 for panel B, and = 5 - 6 for panel C). * P
< 0.05 compared with the corresponding control. Statistical analysis was performed by
paired t-test.

Neuroscience. Author manuscript; available in PMC 2015 July 11.



1duosnuey Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

Caoetal.

Page 13

=
EAAT3 =
EAAT3
Control Isoflurane B

>

Control _ Isoflurane

Vehicle KT Vehicle KT

- Vehicle KT Vehicle KT
[e]
£ Gl e e o
E S GAPDH u——— =
-3% gGAPDH —— o— —
©15 ——= Vehicle 23 .
£ — KT5720| o2 2]
Ea 1.0
86 3801 | * T
g£910 * . -~ 308 :
TS 1 x 3 |
e ™ S g 06
Qo
.é § 0.5 2 c 04
x £ a$ 02
3200 83 0.0
OE®D Control Isoflurane o= Control Isoflurane
C EAAT3™"
Vehicle 6-BNZ-cAMP
©
©
a=
25  GAPDH e
-6 16
€8 44 *
85 12 L
€D
35 1.0
<08
2c 06
-S04
=L *
xE 02
20 00 |
O™ Vehicle 6-BNZ-cAMP
Fig. 2.

Isoflurane reduced GIuR1 phosphorylation and trafficking in the hippocampus of EAAT3 ™/~
mice. The vehicle group contained dimethyl sulfoxide that was used to dissolve KT5720 and
6-BNZ-cAMP. A: the amount of biotinylated GIuR1 normalized by GAPDH, B: total
cellular phospho-GIuR1 normalized by GAPDH, C: the amount of biotinylated GluR1
normalized by GAPDH. Results are mean = S.E.M. (n = 6 for panels A, = 7 for panel B, and
= 8 for panel C). * P < 0.05 compared with corresponding control. Statistical analysis was
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performed by repeated-measures ANOVA followed by Tukey test for post hoc comparison
(for data in panels A and B) or paired ttest (for data in panel C). KT: KT5720.
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Fig. 3.
Isoflurane increased phosphatase activity and phosphatase inhibition attenuated isoflurane-

induced decrease of GIuR1 phosphorylation and trafficking in the hippocampus of
EAAT3™/~ mice. A: protein phosphatase activity of freshly prepared brain slices. B: the
amount of biotinylated GIuR1 normalized by GAPDH, C: total cellular phospho-GluR1
normalized by GAPDH. Results are mean = S.E.M. (n = 8 for panel A, and =5 for panels B
and C). * P < 0.05 compared with corresponding control. Statistical analysis was performed
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by paired t-test (for data in panel A) or repeated-measures ANOVA followed by Tukey test
for post hoc comparison (for data in panels B and C). Con: control; Iso: isoflurane.
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Fig. 4.
Isoflurane impaired context-related fear conditioning in the EAAT3™~ mice. A: wild-type

mice. B: EAAT3™/~ mice. Results are mean + S.E.M. (n = 8 for panel A, and = 7 for panels
B). * P < 0.05 compared with corresponding control. Statistical analysis was performed by
Mann-Whitney Rank Sum test (for data in panel A) or t-test (for data in panel B).
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