Biochemical and Biophysical Research Communications 460 (2015) 397—403

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Roles of PTEN-induced putative kinase 1 and dynamin-related protein
1 in transient global ischemia-induced hippocampal neuronal injury

@ CrossMark

Shang-Der Chen " ", Tsu-Kung Lin ¢, Ding-I. Yang €, Su-Ying Lee ¢, Fu-Zen Shaw ¢,
Chia-Wei Liou ?, Yao-Chung Chuang * "

@ Department of Neurology, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Taiwan

b Center for Translational Research in Biomedical Sciences, Kaohsiung Chang Gung Memorial Hospital, Chang Gung University College of Medicine, Taiwan
€ Institute of Brain Science and Brain Research Center, National Yang-Ming University, Taipei, Taiwan

d Department of Psychology, National Cheng Kung University, Tainan, Taiwan

ARTICLE INFO ABSTRACT

Article history:
Received 28 January 2015
Available online 17 March 2015

Recent studies showed that increased mitochondrial fission is an early event of cell death during cerebral
ischemia and dynamin-related protein 1 (Drp1) plays an important role in mitochondrial fission, which
may be regulated by PTEN-induced putative kinase 1 (PINK1), a mitochondrial serine/threonine-protein
kinase thought to protect cells from stress-induced mitochondrial dysfunction and regulate mitochon-
drial fission. However, the roles of PINK1 and Drp1 in hippocampal injury caused by transient global
ischemia (TGI) remain unknown. We therefore tested the hypothesis that TGI may induce PINK1 causing
downregulation of Drp1 phosphorylation to enhance hippocampal neuronal survival, thus functioning as
an endogenous neuroprotective mechanism. We found progressively increased PINK1 expression in the
hippocampal CA1 subfield1-48 h following TGI, reaching the maximal level at 4 h. Despite lack of
changes in the expression level of total Drp1 and phosphor-Drp1 at Ser637, TGI induced a time-
dependent increase of Drp1 phosphorlation at Ser616 that peaked after 24 h. Notably, PINK1-siRNA
increased p-Drp1(Ser616) protein level in hippocampal CA1 subfield 24 h after TGI. The PINK1 siRNA
also aggravated the TGI-induced oxidative DNA damage with an increased 8-hydroxy-deoxyguanosine
(8-0OHAG) content in hippocampal CA1 subfield. Furthermore, PINK1 siRNA also augmented TGI-induced
apoptosis as evidenced by the increased numbers of TUNEL-positive staining and enhanced DNA frag-
mentation. These findings indicated that PINK1 is an endogenous protective mediator vital for neuronal
survival under ischemic insult through regulating Drp1 phosphorylation at Ser616.

© 2015 Elsevier Inc. All rights reserved.
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1. Introduction damage is considered to be a major factor in a wide variety of hu-

man disorders, including neurodegenerative diseases, aging, and

PTEN-induced putative kinase 1 (PINK1) is a mitochondrial
serine/threonine-protein kinase encoded by the PINK1 gene [1,2].
Mutations in this gene cause one form of autosomal recessive early-
onset Parkinson disease [1,2]. Several studies suggested that PINK1
provides protection against mitochondrial dysfunction [3,4].
Mitochondria are known as the powerhouses in the cells vital for
cellular homeostasis and participate in energy exchange, regulation
of calcium homeostasis, and apoptosis [5]. Mitochondrial oxidative
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cancer [6]. Excessive reactive oxygen species (ROS) generation can
induce the functional and structural damage of hippocampus and
may play an important role in the pathophysiology of forebrain
ischemia [7—-9].

Recent evidence also suggests that PINK1 plays an important
role in mitochondrial quality control via autophagy machinery, in
collaboration with parkin (a cytosolic E3 ligase) [ 10]. In mammalian
cultured cells, PINK1 knockdown results in phenotypes of frag-
mented mitochondria [11]. It was reported that wild-type PINK1
protects against rotenone-induced mitochondrial fragmentation
whereas PINK1-deficient cells show lower mitochondrial connec-
tivity. Expression of dynamin-related protein 1 (Drp1) exaggerates
the phenotypes associated with PINK1 deficiency, whereas Drpl
RNAI rescues them [12]. It has been noticed in recent years that
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mitochondria are dynamic organelles and maintain their shape or
morphology via 2 opposing processes, fission and fusion [13,14].
Mitochondrial fission involves the constriction and cleavage of
mitochondria by fission proteins, such as Drp1 and mitochondrial
fission 1 protein. The fusion process, on the other hand, involves the
lengthening of mitochondria by tethering and joining together 2
adjacent mitochondria. Mitofusin-1 and -2 are mainly responsible
for outer membrane fusion, while Opa1 is thought to mediate inner
membrane fusion [13,14]. It was reported that mitochondrial fission
occurs at 3 h after the onset of reperfusion, long before neuronal
loss in focal cerebral ischemia model in mice, suggesting that
fission is an upstream and early event in neuronal cell death [15]. In
a recent study using oxygen-glucose deprivation (OGD) neuronal
model, PINK1 was shown to significantly ameliorate OGD-induced
cell death and energy disturbance by attenuating mitochondrial
translocation of Drp1, which preserves mitochondrial function and
inhibits OGD-induced mitochondrial fission [16]. These studies
denote the potential role of PINK1/Drp1 in cerebral ischemia.

Given the facts that PINK1 seems to possess a pivotal role in
regulating mitochondria dynamics and ROS formation, it is sur-
prising that no in vivo study has been conducted to reveal the roles
of PINK1 in cerebral ischemia. As Drp1 is emerged as a crucial
player in ischemic paradigm [17—19], PINK1, an upstream kinase to
modulate Drp1 expression, may also play a decisive role in cerebral
ischemia. Given the intimate links among PINK1, Drp1, mitochon-
drial dynamics, and ROS in other neurodegenerative diseases such
as Parkinson disease or Alzheimer's disease [20], delineation of this
signaling pathway in cerebral ischemia should be rewarding in
term of the mechanism research and the potential clinical appli-
cation. In the present study, we therefore tested the hypothesis that
PINK1 signaling pathway plays a protective effect in hippocampal
CA1 subfield in TGI/reperfusion through down-regulation of Drp1
phosphorylation.

2. Materials and methods
2.1. Animals and general preparations

The experimental procedures used in this study conformed to
the guidelines of our institutional committee for animal uses and
research. All efforts were made to minimize animal suffering and to
reduce the number of animals sacrificed. Adult male Spra-
gue—Dawley rats (250—325 g) were purchased from the Experi-
mental Animal Center, National Science Council, and BioLASCO,
Taipei, Taiwan. They were housed in an Association for Assessment
and Accreditation of Laboratory Animal Care (AAALAC)
International-accredited animal facility under temperature control
(24—25 °C) and 12-h light—dark cycle. An experimental model of
TGI was performed as previously reported [8,9]. Briefly, the animals
were subjected to a 10-min period of forebrain global ischemia by
clamping both common carotid arteries and lowering blood pres-
sure to 35—40 mm-Hg by withdrawing blood from a femoral
arterial catheter; blood pressure were restored by infusing back the
withdrawn blood afterwards. During anesthesia the core temper-
ature was monitored and maintained at 37 + 0.5 °C. The femoral
artery were exposed and catheterized with a PE-50 catheter to
allow continuous recording of the arterial blood pressure and to
keep blood pressure in the designed range. After regaining con-
sciousness, the animals were maintained in an air-conditioned
room at 25 °C.

2.2. siRNA administration

All siRNAs were injected into bilateral hippocampal CA1 subfield
as previously described [9]. To inhibit PINK1 expression, we used

pre-designed PINK1-siRNA from MISSION® siRNA, (Sigma—Aldrich
Ltd, St. Louis, MO, USA). The sequences of oligodeoxynucleotides
were as follows: sense, 5’GCUGCAAUGCCGCUGUGUAZ', antisense,
5" UACACGCGGCAUUGCAGC3'. For negative control siRNA (NC), the
sequences of oligodeoxynucleotides were as follows: 5’ GAUCAUAC
GUGCGAUCAGAZ’, antisense, 5'UCUGAUCGCACGUAUGAUC3'. The
final concentration of siRNA was 0.05 nM in a total volume of 400 nl
for injection into each side of hippocampal CA1 subfield 24 h before
TGL

2.3. Collection of tissue samples from the hippocampus

At pre-determined time-intervals (1, 4, 24, or 48 h) after in-
duction of TGI, rats were again anesthetized with chloral hydrate
(400 mg/kg, i.p.) and perfused intracardially with 50 mL of warm
(37.8 °C) saline that contained heparin (100 U/mL). The brains were
rapidly removed under visual inspection and placed on a piece of
gauze moistened with ice-cold 0.9% saline. We routinely collect
tissues from bilateral hippocampal CA1 area and these samples
were stored at —80 °C until use [8,9]. The concentration of total
proteins extracted from tissue samples was determined by the BCA
Protein Assay (Pierce, Rockford, IL).

2.4. Western blotting

Samples (20—40 pg of proteins) were resolved through 2% SDS/
polyacrylamide gels and transferred to PDVF membranes. The
membranes were incubated with a primary anti-PINK1(1:1000),
Drp1(1:500), p-Drp1(Ser616) (1:1000), and p-Drp1(Ser637)
(1:1000) antibody (Cell Signaling, Danvers, MA, USA), for 1-2 h at
room temperature. The membranes were washed with TBST 3
times at 10-min intervals, incubated with the secondary antibody
(1:5000; anti-rabbit, anti-mouse, or anti-goat IgG conjugated with
alkaline phosphatase; Promega, Madison, WI) at room temperature
for 1 h, and then washed three times each at 10 min intervals with
TBST and two times each for 10 min with TBS (TBST without Tween
20). In control experiments, a monoclonal antibody against a-tublin
(1:10,000; Santa Cruz Biotecnology) was used. The color reaction
was developed by the Blot AP System according to the technical
manual provided by Promega.

2.5. Quantification of oxidative damage to DNA

Oxidative stress to the hipocampal CA1 subfield was evaluated
by quantifying the levels of 8-hydroxy-2’-deoxyguanosine (8-
OHAdG) as a marker for the oxidized DNA. The hippocampal CA1
were carefully isolated and total DNA purified (DNeasy Blood &
Tissue kit; Qiagen, Valencia, CA) according to the manufacturer's
instruction. The 8-OHdG (in ng/ml) were determined using a DNA
oxidation kit (Highly Sensitive 8-OHdG Check ELISA; Japan Institute
for the Control of Aging, Fukuroi, Japan) according to the manu-
facturer's protocol. Sample concentration from hippocampal CA1
subfield was calculated from a standard curve and corrected for
DNA concentration.

2.6. Terminal deoxynucleotidy! transferase-mediated dUTP-biotin
nick end labeling (TUNEL) staining

As a histochemical marker for apoptotic cell death, animals were
processed for TUNEL staining 48 h after the onset of reperfusion
following a 10-min episode of TGI. In brief, the hippocampus was
removed and fixed in 30% sucrose in 10% formaldehyde-saline so-
lution for >72 h. Six micrometer paraffin-embedded sections of the
hippocampus were processed for TUNEL staining using an in situ
apoptosis detection kit (ApopTag, Intergen Company, Purchase, NY,
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USA). The total numbers of TUNEL-positive cells in each section
were counted using an Olympus AX70 microscope and expressed as
the TUNEL indices.

2.7. Qualitative and quantitative analysis of DNA fragmentation

Tissue samples from the hippocampal CA1 subfield were sub-
jected to qualitative and quantitative analysis of DNA fragmenta-
tion as reported previously [9]. After extraction of total DNA from
the hippocampal tissues, nucleosomal DNA ladders were amplified
by a PCR kit for DNA ladder assay (Maxim Biotech, San Francisco,
CA, USA) to enhance the detection sensitivity. Samples were
separated by electrophoresis on 1% agarose gels. To quantify
apoptosis-related DNA fragmentation, a cell death enzyme-linked
immunosorbent assay (ELISA; Roche Molecular Biochemicals,
Mannheim, Germany) was used to quantify the level of histone-
associated DNA fragments in the cytoplasm [9]. The amount of
nucleosomes in the cytoplasm was quantitatively according to the
manufacturer's instruction (Anthros Labtec, Salzburg, Austria).

2.8. Statistical analysis

The continuous variables were expressed as mean + SEM. One
way analysis of variance followed by the Scheffé multiple range
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tests for post hoc assessment of individual means were used to
compare the group mean differences. A p value less than 0.05 will
be considered significant.

3. Results

3.1. Temporal changes of PINK1 and Drp1 expressions in the
hippocampal CA1 subfield after TGI

Our first series of experiments examined whether PINK1 was
induced by TGI in the hippocampal CA1 subfield. Western blot
analysis revealed a significant increase of PINK1 expression in the
total protein extracted from the hippocampal CA1 subfield 1—48 h
after TGI, reaching the maximal level at 4 h (Fig. 1A). We then
examined whether the expression of Drp1 may be affected by TGI
in the hippocampal CA1 subfield. Results shown in Fig. 1B indicated
that TGI with reperfusion up to 48 h failed to affect the expression
level of total Drp1. Therefore, we investigated the potential effects
of ischemia/reperfusion on the phosphorylation of Drp1. The divi-
sion of the mitochondria is controlled in part by the phosphoryla-
tion of Drp1 at Ser616 by Cdk1/cyclin B and at Ser637 by protein
kinase A (PKA). When phosphorylated at Ser616, Drp1 stimulates
mitochondrial fission. Conversely, fission is inhibited when Drp1 is
phosphorylated at Ser637 [21,22]. Results indicated that TGI
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Fig. 1. Transient induction of PINK1 and p-Drp1(Ser616) by TGl/reperfusion. The rats were subjected to 10-min TGI followed by reperfusion for indicated times. Sham-operated
animals served as negative controls. Hippocampal CA1 samples were then collected for western blotting to detect the expression of PINK1 (A), total Drp1 (B), p-Drp1(Ser616)
(C), and p-Drp1(Ser637) (D). The same blots were also probed with a-tubulin antibody to serve as an internal reference control for equal loading of proteins in each lane. Values are
mean + SEM from representative blots and quantitative analyses from 5 to 7 animals in each experimental group are shown. *P < 0.05 versus sham control group in the Scheff'e

multiple-range test.
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induced a progressive augmentation of Drp1 phosphorylation at
Ser616 in rat hippocampal CA1 regions that was peaked at 24 h
after TGI (Fig. 1C); however, Drp1 phosphorylation at Ser637
(Fig. 1D) was not affected by TGI during the 48 h following the onset
of reperfusion. Thus, TGl/reperfusion selectively induces phos-
phorylation of Drp1 at Ser616 in the CA1 subfield of the hippo-
campus in rats.

3.2. PINK1-siRNA silences PINK1 expression and augments p-
Drp1(Ser616) expression in the hippocampal CA1 subfield after TGI

To further clarify the pivotal roles of PINK1 in this ischemic
paradigm of the brain, we employed molecular approach by using
PINK1-siRNA to elucidate the conception of underlying mecha-
nisms. PINK1-siRNA successfully downregulated PINK1 expression
in hippocampal CA1 subfield after TGI (Fig. 2A), resulting in
approximately 60% suppression. Because our results shown in Fig. 1
indicated that TGI-induced PINK1 expression reached the peak
level at 4 h, which preceded the maximal expression level of p-
Drp1(Ser616) at 24 h. We therefore tested whether suppression of
PINK1 may affect p-Drp1(Ser616) in ischemia/reperfusion. Results
indicated that the PINK1 siRNA further augmented the extents of
Drp1 phosphorylation at Ser616 that was induced by 10-min TGI
with 24-h reperfusion (Fig. 2B), suggesting that TGI-induced PINK1
contributed to the suppression of Drp1 phosphorylation at Ser616.
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3.3. Injection of PINK1-siRNA augments oxidative stress and
increases neuronal injury in the hippocampal CA1 subfield after TGI

To further clarify the pivotal role of PINK1 in this ischemic
paradigm of the brain, we investigated the effects of PINK1-siRNA
over TGI-dependent oxidative stress and apoptosis. We found
that pretreatment with PINK1-siRNA significantly augmented the
extent of DNA oxidation, as evidenced by increased 8-OH-dG con-
tents, in the hippocampal CA1 subfield 4 h after onset of reperfu-
sion (Fig. 3A). Furthermore, suppression of PINK1 by siRNA also
enhanced the extents of hippocampal neuronal apoptosis based on
TUNEL staining (Fig. 3B), agarose gel electrophoresis to detect the
extents of DNA fragmentation (Fig. 3C), and sandwich DNA frag-
mentation ELISA to quantitatively determine the amounts of oli-
gonucleosomes in hippocampal tissue homogenates (Fig. 3D).
These findings together revealed that inhibition of PINK1 expres-
sion may increase oxidative neuronal damage and apoptosis-
related DNA fragmentation in the hippocampal CA1 subfield after
TGL

4. Discussion

The results demonstrated that TGI increased PINK1 and p-
Drp1(Ser616) expression in the hippocampal CA1 subfield after
ischemia/reperfusion. Pretreatment of PINK1-siRNA decreased
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Fig. 2. PINK1-siRNA decreases PINK1 expression and increases p-Drp1(Ser616) expression in hippocampal CA1 subfield after TGI/reperfusion. (A). Rats were micro-injected into
bilateral CA1 subfields with control siRNA or PINK1-siRNA 24 h before TGI. Total proteins of hippocampal CA1 subfield were collected from the sham-operated controls without
siRNA microinjection (Sham), the rats injected with negative control siRNA followed by 10-min TGI and 4-h reperfusion (NC+I/R 4 h), or the rats injected with PINK1-siRNA followed
by 10-min TGI and 4-h reperfusion (PINK1-siRNA+ I/R 4 h) before detection of PINK1 expression. (B) for the experimental condition was the same as in (A) except reperfusion time
was 24 h and detection of p-Drp1(ser616) was conducted. In both (A) and (B), the same blots were also probed with an a-tubulin antibody to serve as an internal reference control
for equal loading of proteins in each lane. Values are mean + SEM from four to six animals per experimental group. *P < 0.05, vs. sham-control group; *P < 0.05 vs. control

siRNA + TGI in the Scheff'e multiple-range test.
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PINK1 expression while simultaneously augmented p-
Drp1(Ser616) expression that was accompanied with heightened
DNA oxidation and increased neuronal damage in the hippocampal
CA1 subfield. These results suggested the protective role of PINK1 in

TGI-induced neuronal injury in the hippocampal CA1 subfield, at
least in part through regulating mitochondrial fission protein p-
Drp1(Ser616) expression to protect neuronal cell under ischemic
insult.
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Fig. 3. PINK1-siRNA augments oxidative stress and apoptosis-related neuronal damage in hippocampal CA1 subfield after TGI. Rats were microinjected with negative control siRNA
(NC + IIR 4 h) or the PINK1-siRNA (PINK1-siRNA + I/R 4 h) into the CA1 subfield 24 h before 10-min TGI with reperfusion for 4 h. The sham-operated controls without siRNA
microinjection served as negative controls (Sham). The genomic DNA were isolated from collected hippocampal CA1 subfield to determine the amounts of 8-OHdG using a DNA
oxidation kit (A). (B, C, D) The experimental condition was the same as described in (A) except that reperfusion time was 48 h. Hippocampal slices were subjected to TUNEL staining
to determine the extents of apoptosis, as shown in (B). The genomic DNA was subjected to PCR assay to reveal apoptosis-related DNA fragmentation by agarose gel electrophoresis,
as shown in (C). The tissue homogenates of hippocampal CA1 subfields were subjected to sandwich ELISA to assay the level of histone-associated DNA fragments in the cytoplasm as
a quantitative measure for the DNA fragmentation, as shown in (D). Values in (A), (B-1), and (D) are mean + SEM from 5 to 7 animals in each experimental group. *P < 0.05 vs. sham-
control group and *P < 0.05 vs. negative control siRNA +I/R in the Scheff'e multiple-range test.
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Recent studies showed that PINK1 is directly involved in regu-
lating mitochondrial morphology [23]. Mitochondrial dysfunction
can cause excessive oxidative stress and plays a crucial role in
ischemic condition [7—9], whereas PINK1 possess a protective role
against mitochondrial dysfunction [3,4]. However, studies of PINK1
in ischemia are limited [24—27]. In a recent study, loss of PINK1
increases the vulnerability of the heart to ischemia-reperfusion
injury. This may contribute, in part, to increased mitochondrial
dysfunction [24]. In studies of myocardial infarction, loss of FoxO1
and Fox03 in cardiomyocytes results in a significant increase in
infarct area with decreased expression of PINK1 [25]; resveratrol
triggers an anti-aging pathway in the mitochondria that involves
Sirt3-Foxo3a-PINK1-PARKIN-mitochondrial fusion-fission-
mitophagy [27]. These studies denote the potential protective ef-
fects of PINK1 under heart ischemia. In a rabbit spinal cord ischemia
model, induction of PINK1 proteins in the motor neurons at the
early stage of reperfusion is related to excessive oxidative stress
[26]. While the exact function of PINK1 in cerebral ischemia is yet to
be elucidated, evidence of the protective role of PINK1 in various
ischemic condition [24—27]| suggests that PINK1 possesses a pro-
tective role under cerebral ischemia. In this study, we showed that
the PINK1 expression is activated in hippocampal CA1 subfield
under TGI, which implies a potential role PINK1 in this ischemic
condition (Fig. 1A). In a recent in vitro study using OGD-induced
neuronal death, which included neuron from the cortex and hip-
pocampus, the authors showed that PINK1 significantly amelio-
rated OGD-induced cell death and energy disturbance [16]. Based
on this in vitro model of cerebral hypoxia/ischemia, these results
argue a potentially pivotal role of PINK1 in cerebral ischemia.

In a recent study, it has been reported that a progressive acti-
vation of Drp1 in its phosphorylation form is related to apoptotic
process in neural cells of the peri-infarct regions after focal cerebral
ischemia [28]. Drp1 is a large GTPase that cycles between the
cytosol and outer mitochondria membrane. Several notable post-
translational modifications of Drp1 influence its function, which
include phosphorylation, S-nitrosylation, ubiquitination, and
sumoylation [29]. Among them, phosphorylation is an important
part of regulation in term of mitochondrial dynamics [29] and
multiple phosphorylation sites of Drp1 have been characterized for
their functional importance [21]. Drp1 Ser637 was identified as a
phosphorylation site by PKA that can lead to elongated mitochon-
dria [30,31]. In contrast, phosphorylation at Ser616 of Drpl
(equivalent to Ser585 of rat Drp1) by CDK1/Cyclin B induces
mitochondrial fission [21,32]. Phosphorylation at Ser637 by PKA
induces elongated mitochondria that may protect cells against pro-
apoptotic stimuli. On the contrary, phosphorylation at Ser616 leads
to an apoptotic cascade [21,31,32]. In this study, we showed a sig-
nificant change of p-Drp1(Ser616), but not Ser637, in the hippo-
campal CA1 subfield after TGI, which may denote an increase of
mitochondrial fission in hippocampal CA1 subfield after TGI
(Fig. 1C).

It was reported recently that after exposure of cultured neurons
to oxidative and metabolic stress, mitochondria exhibited frag-
mentation and increased levels of the fission protein Drp1 [18]. In
human neuroblastoma cell line SH-SY5Y, over-expression of PINK1
reversed OGD-induced increases in mitochondrial fragmentation
and suppressed the translocation of Drp1 from the cytosol to the
mitochondria, while knockdown of PINK1 significantly increased
the severity of OGD-induced neuronal damage [16]. These results
disclosed the opposing effect between PINK1 and Drpl1 over
mitochondrial dynamic under stressful condition. Our results
showed that PINK1-siRNA successfully decreased PINK1 expression
(Fig. 2A) and, importantly, increased p-Drp1(Ser616) expression,
suggesting a regulatory role of PINK1 over Drp1 in this ischemic
paradigm (Fig. 2B). These results are in accordance with the

augmentation of oxidative DNA damage and more neuronal
apoptosis over hippocampal CA1 subfield under TGI (Fig. 3).

In conclusion, this study showed that PINK1 may play as an
endogenous protective mechanism in cerebral ischemic condition
which affects p-Drp1(Ser616) expression, modulate oxidative sta-
tus, and influence neuronal damage. Any measurement to enhance
PINK1 expression in cerebral ischemia should have clinical pro-
spective in counteracting ROS- and Drp1-related neuronal damage.
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