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ABSTRACT OF THE THESIS

Removal of PHLPP2 Accentuates Injury-Induced Inflammation and Cell Death of Astrocytes

by

Lindsey Carroll Welch

Master of Science in Biology

University of California, San Diego, 2019

Professor Nicole Purcell, Chair
Professor Brenda Bloodgood, Co-chair

During an ischemic stroke, a blood clot obstructs the transport of essential nutrients to
the brain, resulting in cell death (CDC 2018). The extent of injury following ischemic
damage is a delicate balance between cell death and cell survival signals. Astrocytes are the
most common glial cells found in the brain (Jakel and Dimou 2017). They provide metabolic
and trophic support to neurons, and are pivotal responders to CNS (central nervous system)

insult (Sofroniew and Vinters 2010). Survival of neurons depends on the coordinated efforts

xii



of the neurovascular unit and health of astrocytes. PHLPP (Pleckstrin Homology domain and
Leucine rich repeat Protein Phosphatase) dephosphorylates and terminates the activity of
several AGC kinases that are important for controlling cell growth, proliferation, and survival
(Grzechnik and Newton 2016). We have previously reported that removal of the isoform
PHLPPI increases Akt activity in astrocytes and the brain, conferring protection following
ischemic injury both in vitro and in vivo (Chen et al. 2013). However, the role of the PHLPP2
isoform in the brain and in astrocytes on signaling and injury is less well understood. To
study the effect of PHLPP2 removal on signaling and inflammatory responses in the brain and
astrocytes, I used extracts from whole brain homogenates and primary astrocytes isolated
from PHLPP2 knock-out and wild type mice. To elucidate the effect of PHLPP2 removal on
inflammatory gene expression, signaling, and cell death levels under conditions that mimic
ischemic injury, I performed Western blotting, mRNA analysis, and an ELISA-based cell
death assay. We show that unlike removal of PHLPP1, removal of PHLPP2 is detrimental
under ischemic conditions in vitro. Our findings suggest that therapeutics that selectively
silence PHLPP1, but not PHLPP2, are needed for treatment of ischemic stroke in order to

reduce brain damage.
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INTRODUCTION

Astrocytes in Ischemic Stroke

According to the Centers for Disease Control and Prevention, stroke is currently the
fifth leading cause of death in the United States (CDC 2019). In ischemic stroke, a blood clot
obstructs a vessel that supplies blood to the brain and the affected areas become deprived of
oxygen, glucose, and other essential nutrients, resulting in cell death (CDC 2018). Astrocytes
are star-shaped glial cells which are highly copious in the CNS (central nervous system) and
are crucially affected by ischemic stroke (Sofroniew and Vinters 2010). Their function is to
provide metabolic and trophic support to neurons and modulate synaptic activity (Sofroniew
and Vinters 2010). In addition to these physiological roles, astrocytes have an important role
in the processes of injury and disease in the CNS. Astrocytes are pivotal responders to CNS
insults under various pathological conditions and play multiple roles ranging from passive
support to the regulation of inflammation during brain injuries (Sofroniew and Vinters 2010).
The survival or death of astrocytes has important implications on neuronal function and
survival, since astrocytes are in close contact with and provide mechanical and metabolic
support to neurons.

In response to ischemic injury, neurons and glial cells of the affected area produce
pro-inflammatory molecules and ROS (reactive oxygen species) (Barreto et al. 2011). This
activates astrocytes to undergo reactive astrogliosis, a process in which astrocytes
hypertrophy and experience cellular and molecular changes, such as increased expression of
the intermediate filament protein GFAP (glial fibrillary acidic protein) and secretion of
inflammatory cytokines (Kawabori and Yenari 2015; Sofroniew and Vinters 2010; Barreto et
al. 2011). Injury to the CNS can elicit the activation of two different types of reactive

astrocytes—one harmful (A1) and one helpful (A2) (Liddelow and Barres 2017). Al



astrocytes lose their ability to carry out their normal functions in protecting and supporting
neurons, and instead contribute to CNS pathology by releasing a toxic factor that kills neurons
(Liddelow and Barres 2017; Clarke et al. 2018). A2 astrocytes, on the other hand, respond to
ischemia in ways that are beneficial to the CNS: they secrete neurotrophins that promote
neuronal survival, upregulate thrombospondins that promote synapse repair, release
antioxidants to combat ROS, clear debris and dead cells, repair the blood-brain barrier, and
maintain extracellular ion levels (Liddelow and Barres 2017; Barreto et al. 2011).

In a study published by Clarke and colleagues, mouse astrocytes that had undergone
normal aging appeared to take on the characteristics of Al astrocytes (Clarke et al. 2018).
The researchers reported that aged astrocytes express increased levels of GFAP and react
more robustly to stimulation by the endotoxin LPS (lipopolysaccharide) as compared to
controls (Clarke et al. 2018). They found that astrocytes located in regions of the brain that
are most susceptible to cognitive decline, the hippocampus and the striatum, underwent more
robust aging-induced astrocyte reactivity than did astrocytes of the cortex (Clarke et al. 2018).
These findings are important because aging is a major risk factor for ischemic stroke. In order
to fully understand these findings, it is necessary to understand the signaling pathways that
occur in astrocytes during ischemia/reperfusion (I/R) injury. One key protein that is crucially
involved in this signaling is Pleckstrin Homology domain and Leucine rich repeat Protein
Phosphatase, commonly referred to as PHLPP (pronounced “flip”), a serine/threonine
phosphatase that is ubiquitously expressed throughout the cell, with expression levels being

highest in the brain (Gao et al. 2005; Chen et al. 2013).



PHLPP

In addition to having a PH (Pleckstrin Homology) domain, PHLPP also contains three
other protein domains: an RA (N-terminal Ras Association) domain, a PP2C (Protein
Phosphatase 2C-like) domain, and a PDZ binding domain (Grzechnik and Newton 2016)
(Scheme 1). There are two isoforms of PHLPP: PHLPP1 (which is further categorized into
the splice variants PHLPP1o and PHLPP1B) and PHLPP2, which has a shorter N-terminal
domain (Gao et al. 2005; Grzechnik and Newton 2016). PHLPP has been demonstrated to
dephosphorylate several members of the AGC kinase family to regulate a variety of cellular
responses (Grzechnik and Newton 2016) (Scheme 2). One important member of the AGC
family of kinases is Akt, a pro-survival serine/threonine kinase that is ubiquitously expressed
throughout the cell (including astrocytes of the brain) and is comprised of three isoforms:
Aktl, Akt2, and Akt3 (Mullonkal and Toledo-Pereyra 2007; Brognard et al. 2007). PHLPP
has been shown to dephosphorylate the hydrophobic motif (Serine 473) of Akt, thereby
partially inactivating the kinase (Gao et al. 2005). PHLPP can also directly deactivate Akt’s
downstream signaling kinase p70S6 kinase, which is known to promote protein translation
(Liu et al. 2011; Kawasome et al. 1998). It has been found that activation of Akt promotes
cell survival following cerebral ischemia through several mechanisms of action, such as
phosphorylation and inhibition of the pro-death proteins BAD (Bcl-2-associated death
promotor), GSK3p (glycogen synthase kinase 3 beta), and forkhead transcription factors
(FOXO) (Mullonkal and Toledo-Pereyra 2007). According to a study published by Lee and
colleagues, it was demonstrated that Akt activation is vital for astrocyte survival under
simulated ischemia (oxygen glucose deprivation) conditions (Lee et al. 2017).

Although PHLPP1 and PHLPP2 are very similar in their structure, in cancer cells they

have been found to differentially terminate Akt signaling by regulating different Akt isoforms



(Brognard et al. 2007). PHLPP1 controls the phosphorylation of the proteins HDM2 (human
double minute 2) and GSK3a via dephosphorylation of the Akt2 isoform (Brognard et al.
2007). PHLPP2 controls the phosphorylation of the cell cycle inhibitor p27 via
dephosphorylation of the Akt3 isoform (Brognard et al. 2007; Moller 2000). Some substrates
are controlled by both PHLPP isoforms but via the dephosphorylation of distinct Akt
1soforms; for example, TSC2 (tuberous sclerosis complex 2) is controlled by PHLPP1 via
dephosphorylation of Akt2, and by PHLPP2 via dephosphorylation of Aktl (Brognard et al.
2007). There are also substrates that are controlled by each PHLPP isoform and each of the
three Akt isoforms, such as GSK3p and FoxO1 (Brognard et al. 2007). Although PHLPP2
has been demonstrated to dephosphorylate Akt in cancer cells, loss of PHLPP2 does not alter
Akt in astrocytes basally (Chen et al. 2013). However, our laboratory has shown that removal
of PHLPP1 increases phosphorylation of Akt in astrocytes (Chen et al. 2013). Thus, it was
hypothesized that removal of PHLPP1 would accentuate Akt activation and protect the brain
from ischemic insult.

Using PHLPP1 global knockout (KO) mice, we demonstrated that removal of
PHLPPI in primary astrocytes increased basal Akt activity, and protected the brain following
ischemic damage (Chen et al. 2013). This protection was Akt-dependent since pretreatment
of PHLPP1 KO mice with the Akt inhibitor triciribine caused similar ischemic injury as wild
type (WT) mice (Chen et al. 2013). We also showed that in concordance with the whole brain
studies, isolated PHLPP1 KO astrocytes and PHLPP1 knockdown (KD) neurons had
decreased levels of apoptosis following simulated ischemia as compared to control cells
(Chen et al. 2013). This study concluded that inhibition of PHLPP1 protects both astrocytes
and neurons from injury in the brain caused by ischemic damage (Chen et al. 2013). The

effect of PHLPP2 removal on astrocyte signaling has, however, not been examined. In one of



the few studies published to date regarding PHLPP2 in cerebral I/R injury, Wei and
colleagues found that in whole rat brains in vivo, I/R injury induces assembly of the FKBP51-
PHLPP2-Akt signaling complex, in which FKBP51 (FK506 binding protein 51) acts as a
scaffolding protein that enhances PHLPP2-Akt interaction in the whole brain, thereby causing
decreased Akt signaling (Wei et al. 2014). Inhibition of PHLPP2 increased pro-survival
signaling through increased Akt, and decreased pro-death signaling by JNK (c-Jun N-terminal
kinase) following I/R injury (Wei et al. 2014). Although the role of PHLPP2 in astrocyte
signaling remains unknown, this study informs us that in whole rat brains, PHLPP2 interacts
with and dephosphorylates Akt through FKBP51 binding in cerebral I/R injury in vivo,
leading to cell death. In order to determine the role of PHLPP2 in astrocytes following I/R
injury, it is critical to thoroughly understand the framework of signaling that occurs in this
context as it relates to factors such as inflammation and MAP (mitogen-activated protein)

kinase activation.

Inflammation and Cell Death

Brain ischemia leads to a complex chain of events that eventually results in increased
brain inflammation, which causes increased death of CNS cells (Doll et al. 2014). Brain
inflammation can be induced in a multitude of ways. Firstly, ischemia causes neurons and
glia to depolarize; this in addition to ATP release from the damaged membranes of dead cells
causes an increase in extracellular ATP levels (Doll et al. 2014). Increased extracellular ATP
activates microglia to secrete ROS plus cytokines and other pro-inflammatory mediators (Doll
et al. 2014). Additionally, increased neuronal death causes a decrease in cell-cell interactions
with microglia, resulting in increased inflammatory signaling (Doll et al. 2014). Increased

inflammatory signaling induces astrocytes to undergo reactive astrogliosis, in which they



further secrete pro-inflammatory cytokines (Kawabori and Yenari 2015; Sofroniew and
Vinters 2010; Barreto et al. 2011). Hypoxia and oxidative stress that occur with ischemia lead
to increased activity of NF-kB (nuclear factor kappa-light-chain-enhancer of activated B cells)
and other transcription factors that increase expression of inflammatory cytokines (Doll et al.
2014). In reactive astrocytes specifically, NF-kB has been demonstrated to become activated
and play an important role in reactive astrogliosis (Saggu et al. 2016). NF-kB has been
known to promote the gene expression of the pro-inflammatory mediators IL6 (interleukin 6)
and COX-2 (cyclooxygenase-2) (Lim et al. 2001; Libermann and Baltimore 1990). Another
strong inducer of inflammation is the endotoxin LPS, which upregulates the expression of
many pro-inflammatory genes such as COX-2, IL6, TNFa (tumor necrosis factor alpha),
NLRP3 (Nucleotide-binding oligomerization domain-Like Receptors Pyrin domain containing
3), and IL-1P (interleukin 1beta) (Font-Nieves et al. 2012; Lamkanfi et al. 2009; Rossol et al.
2011). Because inflammation is a detrimental consequence of brain ischemia, it is necessary
to understand how PHLPP2 removal affects inflammatory signaling in astrocytes in order to
determine its role in I/R-induced injury.

Despite not being thoroughly studied in brain ischemia, PHLPP2 has been studied in
the context of inflammation as it relates to cancer. In a study regarding gliomas (the most
common tumors found in the CNS, which include astrocytomas) and colorectal cancer that
was published by Agarwal and colleagues, PHLPP2 was shown to inhibit IKKf (I-kappa B
kinase beta) phosphorylation in human tumors, thereby reducing NF-kB activation (Agarwal
et al. 2014; Teng et al. 2016). NF-«B is constitutively active in many cancer cells, and
PHLPP2 acts as a tumor suppressor (Agarwal et al. 2014). Teng and colleagues found that
PHLPPI levels were reduced in human glioma cells as compared to control and that PHLPP1

levels were lowest in the more severe glioma tumors. Also, tumors that had PHLPP1



inhibition had the highest cytokine levels and enhanced inflammatory activity, which
promotes tumor development (Teng et al. 2016). Thus, both PHLPP isoforms act as a tumor
suppressor in cancer and regulate inflammation. Whether PHLPP isoforms alter
inflammation following ischemic injury is not known. Reactive astrogliosis has an important
role during brain injury, and the contribution of PHLPP in these processes is likely but
undetermined.

One important aspect of the innate immune response that might be affected by
PHLPP2 removal is the NLRP3 inflammasome (Kim et al. 2016). Mitochondrial damage
leads to activation of the NLRP3 inflammasome, which then induces an inflammatory
response leading to the secretion of IL-1P and IL-18 (Kim et al. 2016; He et al. 2016). IL-1P
is a pro-inflammatory cytokine; its production leads to further inflammation as well as cell
death (Kim et al. 2016). Activation of NF-«B i1s required for the activation of the NLRP3
inflammasome (Kim et al. 2016), and as mentioned above, NF-kB activation in gliomas and
colorectal cancer are reduced by PHLPP2 (Agarwal et al. 2014). This raises the question as to

whether PHLPP2 could have the same affect in astrocytes under ischemic damage.

Ischemia and MAPK Activation

Brain ischemia causes activation of the MAPK pathways, which have been
demonstrated to regulate inflammatory responses (Irving and Bamford 2002; Wang et al.
2004). The three main MAPK pathways are ERK1/2 (extracellular signal-regulated kinase
1/2), INK, and p38 pathways (Irving and Bamford 2002). Activation of these pathways by
cellular stresses (such as cytokines and LPS) will cause phosphorylation of kinases to interact
with and phosphorylate substrates in the cytosol or translocate to the nucleus where they alter

the activity of transcription factors, thus leading to cellular responses (Irving and Bamford



2002; Guha et al. 2001; Saud et al. 2005). Cho and colleagues previously demonstrated that
inhibition of ERK1/2 reduced brain damage in pigs that had undergone deep hypothermic
circulatory arrest (Cho et al. 2004). Additionally, Aharon and colleagues found that levels of
phosphorylated ERK1/2 were increased in the brains of pigs that had undergone ischemic
injury, leading them to conclude that ERK1/2 inhibition might be beneficial in ameliorating
I/R injury (Aharon et al. 2004). PHLPP2 has previously been demonstrated to inhibit ERK1/2
signaling (Li et al. 2014). Li and colleagues demonstrated that PHLPP2 directly
dephosphorylates RAF1, which is upstream of ERK1/2, in mouse colorectal cancer cells (Li et
al. 2014). They found that PHLPP2 inhibition thereby increased ERK1/2 signaling. It is
possible that PHLPP2 removal might affect ERK1/2 activation in astrocytes under conditions
that mimic I/R via the same mechanism that it affects ERK1/2 activation in colorectal cancer
cells.

Prolonged activation of both JNK and p38 pathways have been observed in brain
regions that have increased cell death following ischemic insult (Irving and Bamford 2002).
Unsurprisingly, the p38 pathway is strongly activated by the inflammatory cytokines TNF-a
and IL-1, both of which are upregulated in brain ischemia and are known to contribute to cell
death (Irving and Bamford 2002). Several studies have investigated the effects of p38
inhibitors on cell death in brain ischemia. In a study published by Sugino and colleagues,
administration of a p38 inhibitor caused decreased cell death in the CA1 region of the gerbil
hippocampus following ischemia (Sugino et al. 2000). Barone and colleagues confirmed this
effect by showing that administration of a more potent p38 inhibitor following brain ischemia
in rats caused a decrease in infarct size and improved behavioral outcome as compared to
controls (Barone et al. 2001). PHLPP2 has been studied as it relates to p38 and JNK in

cancer. According to a study by Qiao and colleagues, both PHLPP isoforms were



demonstrated to indirectly activate p38 and JNK in cancer cells (Qiao et al. 2010). The
researchers found that PHLPP dephosphorylates the pro-apoptotic protein Mstl (mammalian
sterile 20-like kinase 1), thereby activating it and allowing it to phosphorylate its downstream
targets p38 and JNK, leading to apoptosis (Qiao et al. 2010). These findings call into question
whether or not PHLPP2 could have a similar effect on p38 and JNK in astrocytes exposed to
ischemic injury.

Although it had been previously discovered that PHLPP1 removal is protective during
brain ischemia, the PHLPP2 isoform’s role and its potentially therapeutic properties had yet to
be characterized. Using primary astrocytes isolated from the brains of global PHLPP2 KO
mice, | performed various in vitro assays in order to uncover the effect of PHLPP2 removal
on inflammation and cellular signaling under conditions that mirror ischemic stroke. We
found that PHLPP2 removal accentuates LPS-induced inflammatory gene expression,
upregulates MAP kinase activation and NF-«xB activation under conditions that simulate I/R
injury, and increases simulated ischemia-induced cell death of astrocytes. Our findings
suggest that PHLPP2 removal is overall detrimental in astrocytes that have been exposed to

ischemic injury.
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Scheme 1: PHLPP1B and PHLPP2 structure. PHLPP1B and PHLPP2 both have an N-terminal Ras
Association domain, a Pleckstrin Homology domain, a Leucine-Rich Repeat region, a Protein
Phosphatase 2C-like domain, and a PDZ binding domain.
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Scheme 2: PHLPP signaling. Stimulation by stress stimuli induces the RAS-RAF-MEK-ERK cascade
(which leads to increased cell proliferation), IKKf activation (which leads to activation of NF-xB and
transcription of inflammatory genes such as IL6, II-13, NLRP3, COX-2, and TNFa), INK activation
(which leads to apoptosis), and Akt activation (which leads to inhibition of INK signaling, increased
p70S6 kinase activity, and increased protein translation). PHLPP inhibits RAS, IKKp, p70S6 kinase,
and Akt.
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MATERIALS AND METHODS
Animals
All animal procedures were performed in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory Animals and approved by the Institutional
Animal Care and Use Committee of University of California, San Diego. Age matched wild-

type (WT) and PHLPP2 global knockout (KO) mice were used.

Astrocyte isolation

Astrocytes were isolated from the brains of 1-3-day-old PHLPP2 WT and KO mice as
previously described (Citro et al. 2007). Briefly, cerebral cortices were isolated from
adherent meninges, and the tissue dissociated and trypsinized. Astrocytes were grown in T75
flasks containing Dulbecco’s Modified Eagle Medium (DMEM) with 10% fetal bovine serum
(FBS), antibiotics (100 units/mL penicillin and 100 pg/mL streptomycin), and glutamine at
37°C in 5% CO,. Upon confluency, the astrocytes were shaken at 241 rpm for 18-22 hours at
37°C to remove oligodendrocytes. The astrocytes were washed with Dulbecco’s phosphate-
buffered saline (DPBS) two times to remove debris, and cells were incubated with 1 mL per
T75 flask 0.25% Trypsin-ethylenediaminetetraacetic acid (EDTA) at 37°C in 5% CO, for 2-5
minutes to release cells. The Trypsin-EDTA was stopped with the addition of DMEM
containing 10% FBS, antibiotics (100 units/mL penicillin and 100 pg/mL streptomycin), and
glutamine. The astrocytes were split in a 1:3 ratio in T75 flasks containing DMEM with 10%
FBS, antibiotics (100 units/mL penicillin and 100 ug/mL streptomycin), and glutamine, and
incubated at 37°C in 5% CO,. Experiments involving WT and KO astrocytes were plated at

equal cell number and experiments performed at the second passage.
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Cell culture

Following serum starvation, cells were stimulated with simulated ischemia (s, oxygen
glucose deprivation, OGD) or simulated ischemia with reperfusion (sI/R), as well as hydrogen
peroxide (100 uM, H>O») to mimic reactive oxygen species (ROS) formation. The endotoxin
lipopolysaccharide (10 pg/mL, LPS) was used as a positive control for inflammation. OGD
was carried out by combining hypoxia and hypoglycemia according to a method previously
described (Chen et al. 2013). Cells were incubated with OGD medium (prepared as described
in appendix) to deplete glucose from intracellular stores and extracellular space. After
glucose depletion, medium was replaced with N2-bubbled OGD medium and cultures were
placed in an anaerobic chamber at 37°C with an N>-enriched environment for either two or
eighteen hours. Control cells were maintained in an incubator with 5% COzat 37°C. After
deprivation, cells were either harvested or incubated in culture medium under normoxic

conditions (in appendix) for 30 minutes corresponding to recovery period (reperfusion).

Brain homogenization

Brains were isolated from 3-month-old PHLPP2 WT and KO mice and were snap
frozen in liquid nitrogen. Tissue was homogenized in 1 mL of Western buffer (in appendix).
Protein concentration was determined as described below and samples were used for Western

blot analysis.

Western blot
For analysis of protein changes following stimulation, astrocytes were harvested in
radioimmunoprecipitation assay (RIPA) buffer (prepared as described in the appendix). The

cell lysates were water sonicated for 5 minutes and centrifuged at 14,000 rpm for 15 minutes
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at 4°C, and the supernatant saved. Micro Bicinchoninic Acid (BCA) Protein Assay Kit
(Thermo Scientific) was used to determine protein concentration of each sample (cell and
brain extracts) according to the manufacturer’s protocol. Based on the protein assay, a set
protein concentration of the cell lysate was combined with 5X sodium dodecyl sulfate (SDS)
(prepared as described in the appendix) and water. Samples were boiled on a 95°C heat block
for 10 minutes and loaded on an SDS-polyacrylamide gel electrophoresis (PAGE) (Invitrogen
NuPage) with a protein marker (BioRad). For separation of proteins, 4-12% Bis-Tris and
12% Bis-Tris Protein Gels were run in 1X 3-(N-morpholino)propanesulfonic acid (MOPS)
buffer (prepared as described in the appendix), or 3-8% Tris-Acetate (TA) Protein Gels were
run in TA buffer (prepared as described in the appendix). Gels were run at 150 V for 1-1.5
hours. The proteins were transferred to methanol-soaked polyvinylidene fluoride (PVDF)
membranes (Millipore Sigma) in 1X Transfer Buffer (prepared as described in the appendix)
at 100 V for 2 hours. After transfer, membranes were blocked in 5% milk/Tris-buffered
saline-Tween 20 (TBS-T) (prepared as described in the appendix) for 15 minutes. The
membrane was washed with 0.1% TBS-T for 5 minutes, 3 times. For analysis of protein
expression, membranes were probed overnight at 4°C with primary antibodies diluted in 5%
bovine serum albumin (BSA)/TBS-T (list of antibodies and dilutions are in appendix).
Following primary antibody binding, membranes were washed with 0.1% TBS-T for 10
minutes, 3 times. Secondary antibodies were diluted in 5% milk/TBS-T (1:8000) and added
to the membrane and incubated for 1 hour at room temperature. Following incubation with
the secondary antibody, membranes were washed 3 times in 0.1% TBS-T for 5 minutes each.
For visualization of proteins, blots were soaked in SuperSignal West Femto Maximum
Sensitivity Substrate in a 1:1 dilution (Thermo Scientific) and exposed using a myECL

Imager (Thermo Scientific). Quantitation of band intensity was analyzed using AlphaView

14



software.

RNA isolation/cDNA synthesis

For analysis of changes in gene expression, RNA was isolated from astrocytes using
TRIzol Reagent (Thermo Scientific) according to the manufacturer’s protocol. Briefly, cells
were harvested in 1 mL TRIzol and cell lysates pipetted for 1 minute per sample, and
incubated at room temperature for 5 minutes. Following incubation, 200 uL of chloroform
was added to each sample and incubated at room temperature for 5 minutes following
inversion. The lysates were centrifuged at 14,000 rpm at 4°C for 15 minutes. The
supernatant was removed and added to 500 pL of isopropyl alcohol. The samples were mixed
and stored overnight at -20°C to recover as much RNA as possible. Following RNA
precipitation, the samples were centrifuged at 14,000 rpm at 4°C for 15 minutes. The RNA
was pelleted and washed with 70% DEPC (diethyl pyrocarbonate)-treated ethanol. Following
centrifugation, the RNA pellet was air-dried for 30 minutes and dissolved in 25 pL of RNAse-
free sterile water. The RNA was placed on a 55°C heat block for 10 minutes to completely
dissolve RNA. The concentration of RNA was determined using Gen5 Data Analysis
Software (BioTek). For cDNA synthesis, 1 ug of RNA was used. cDNA master mix solution
was prepared using 10X reverse transcription (RT) buffer, 25X deoxyribonucleotide
triphosphate (ANTP), 10X RT primers, reverse transcriptase, and RNAse inhibitor from High-
Capacity cDNA Reverse Transcription Kit (Thermo Scientific), and sterile water (as
described in the appendix). For each reaction, 10 uL. of cDNA master mix solution was added
to the 1 pg of RNA (10 pL final volume) for a final 20 pL reaction. The samples were run on

the Mastercycler Nexus PCR Machine (Eppendorf) following the RT-PCR (reverse
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transcription-polymerase chain reaction) protocol (as described in the appendix). Following
cDNA synthesis, the reaction was diluted by adding 20 uL of sterile water to each tube (40 puL

total).

Quantitative Polymerase Chain Reaction (qPCR)

To determine the changes in gene expression following stimulation, qPCR was
performed. cDNA was diluted in sterile water (1:25 dilution). For a complete list of all the
primers used, refer to the appendix. For PCR, 9 pL of diluted cDNA was added to 1 puL of
primer and 10 pLL of gPCRBIO Probe Mix Lo-Rox (Genesee Scientific) and added to the
wells of a 96-well qPCR plate. The plate was run on a 7500 fast StepOne Real-Time PCR
System (Thermo Scientific). Relative quantification was analyzed using the comparative
threshold cycle (Ct) method normalized to glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) as described previously (Schmittgen and Livak 2008).

Enzyme-Linked Immunosorbent Assay (ELISA)

DNA fragmentation indicative of apoptosis was assayed using the cell death detection
ELISAPLUS (Roche Applied Science). The assay is based on a quantitative sandwich-
enzyme-immunoassay using mouse monoclonal 2 antibodies directed against DNA and
histones to detect cytoplasmic histone-associated-DNA fragments. For analysis of cell death
following 18 hours of OGD, astrocytes were harvested in 40 pL. of INK Lysis Buffer
(prepared as described in the appendix). The samples were nutated for 10 minutes at 4°C.
The lysates were centrifuged at 14,000 rpm for 3 minutes at 4°C, and the supernatant
transferred to a new set of tubes. Immunoreagant from the kit was prepared according to the

manufacturer’s instruction. To each well, 20 pL of cell lysate and 80 pL of immunoreagant
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were added to a streptavidin-coated microplate (Millipore Sigma). The microplate was
covered with foil and rocked for 3 hours. Micro BCA Protein Assay Kit (Thermo Scientific)
was used to determine protein concentration of each sample according to the manufacturer’s
protocol. Following the incubation, the wells were washed three times with 200 pL
incubation buffer supplied in the kit (Millipore Sigma). Following the wash, 100 uL of 2,2’-
Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) solution (prepared according to the
manufacturer’s instructions) were synchronously added to the wells. Cell death levels were
determined using i-control Microplate Reader Software (Tecan). The absorbance was
measured at 405 nm. Measurements were normalized by dividing average read by total
protein level for each sample. Folds were calculated by dividing each normalized

measurement by the WT normoxic normalized measurement.

Statistical analysis

Data reflect averages + standard error of the mean (S.E.M.) or averages + standard

deviation (S.D.). Statistical significance (p<0.05) was determined using Student’s t-test.
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RESULTS

Generation of PHLPP2 knockout mice.

Global PHLPP2 knockout mice were generated by crossing floxed PHLPP2 mice for
exon 5 and 6 of the phlpp2 gene with protamine-cre mice (Figure 1A). Protein expression of
PHLPP2 and PHLPP1 was analyzed in the brains of 3-month-old wild type (WT) and
PHLPP2 knockout (KO) mice (Figure 1B). It was determined that the expression of PHLPP2
protein was absent without significant alterations in the PHLPP1 isoform (Figure 1C). Our
findings indicate that removal of PHLPP2 does not alter PHLPP1 and suggests that PHLPP1

and PHLPP2 may potentially have different signaling pathways.

PHLPP2 removal does not alter Akt signaling in the brain.

We have already demonstrated that removal of PHLPP1 increases Akt
phosphorylation at Serine 473 and overall activity in the brain (Chen et al. 2013). However,
the relationship between PHLPP2 and Akt (and its downstream targets) has not been
demonstrated. Upon examination of Akt and its downstream targets in PHLPP2 KO brains,
we found that PHLPP2 removal does not alter Akt signaling. Activated Akt has many
downstream targets, including p70S6 kinase (which is also a direct target of PHLPP) and
GSK3a/B (Liu et al. 2011; Mullonkal and Toledo-Pereyra 2007). p70S6 kinase regulates
protein translation, and GSK3a/f3 is thought to control glycogen metabolism and gene
transcription (Kawasome et al. 1998; Welsh and Proud 1993). We also looked at PHLPP’s
downstream target ERK1/2, a MAP kinase that promotes inflammation during brain injury,
among other functions (Wang et al. 2004). Protein expression of phosphorylated Akt S473,
ERK1/2, and GSK3a/p3 was analyzed in the brains of 3-month-old WT and PHLPP2 KO mice

(Figure 2A). It was determined that there was no statistically significant difference in the
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levels of phosphorylated Akt, ERK1/2, or GSK3a/p between WT and PHLPP2 KO brains
(Figure 2A; ERK1/2 and GSK3a/p data not shown). Activation of p70S6 kinase was also
analyzed in the brains of 3-month-old WT and KO mice (Figure 2B), and the levels of
phosphorylated p70S6 kinase were significantly upregulated (approximately 2.1 times
greater) with PHLPP2 removal compared to age-matched WT (Figure 2B). This data
suggests that, unlike removal of PHLPP1, PHLPP2 removal does not alter basal Akt signaling

in the mouse brain, but directly alters the phosphorylation of p70S6 kinase.

Removal of PHLPP2 does not alter PHLPP1 levels in primary mouse astrocyvtes.

We have already demonstrated that PHLPP2 removal does not significantly alter the
levels of PHLPP1 in total brain extracts (Figure 1A), however, we wanted to determine
whether removal of PHLPP2 affected PHLPP1 levels in primary astrocytes isolated from
PHLPP2 KO mice. Protein expression of PHLPP2 and PHLPP1 was analyzed in isolations of
WT and PHLPP2 KO mouse astrocytes (Figure 3A). As in the whole brain, removal of
PHLPP2 did not significantly alter levels of PHLPPI in isolated primary astrocytes (Figure
3B). This data further indicates that PHLPP1 does not compensate for the loss of PHLPP2

and suggests that the isoforms may potentially have different signaling pathways.

PHLPP2 removal accentuates LPS-induced inflammatory gene expression in astrocytes.

As previously discussed in the introduction, ischemic injury in the brain leads to
increased inflammation and contributes to increased death of CNS cells (Doll et al. 2014).
Astrocytes play a key role in the inflammatory response (Sofroniew and Vinters 2010). The
effect of PHLPP2 removal on inflammatory signaling in mouse astrocytes under

inflammatory conditions has not been investigated. WT and PHLPP2 KO astrocytes were
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stimulated with the endotoxin lipopolysaccharide (LPS) (10 ug/mL) for six hours to induce
inflammation. NLRP3 and IL-1f, which are inflammasome-dependent, and Cox2, IL-6, and
TNFa, which are NF-kB-dependent, were all upregulated following LPS stimulation in the
WT cells (Figure 4A and B (blue bars)) (Font-Nieves et al. 2012; Lamkanfi et al. 2009;
Rossol et al. 2011). We found that removal of PHLPP2 significantly accentuated
inflammatory gene expression induced by LPS compared to WT astrocytes (Figure 4A and B
(orange bars)). Gene expression in LPS-stimulated PHLPP2 KO astrocytes was
approximately 2.2 times greater for IL-1[3, 1.7 times greater for TNFa, 2.0 times greater for
NLRP3, 1.9 times greater for Cox2, and 1.3 times greater for IL-6 as compared to in the LPS-
stimulated WT astrocytes (Figure 4A and B). Our findings suggest that PHLPP2 removal

accentuates the inflammatory response and might be detrimental following brain injury.

PHLPP2 removal alters signaling in mouse astrocytes following simulated I/R.

Our previous experiment indicated that PHLPP2 removal accentuates inflammatory
gene expression during inflammation in mouse astrocytes (Figure 4A and B). Using an in
vitro model of stroke to induce ischemic injury, the role of PHLPP2 removal on signaling
pathways that regulate inflammation and cell survival and death were investigated. The
phosphorylation of Akt S473, NF-«xB (p65), p38, ERK1/2, and JNK was analyzed in WT and
PHLPP2 KO astrocytes that had undergone simulated ischemia (oxygen-glucose deprivation)
for 2 hours and reperfusion for 30 minutes (Figure 5). Phosphorylation of each of the
aforementioned proteins increased in the WT cells after reperfusion as compared to after
ischemia alone (except for p38 phosphorylation, which did not change). The increased
phosphorylation did not reach statistical significance for any of the proteins except for JNK.

It was determined that PHLPP2 removal led to upregulation of phosphorylation of each of the

20



aforementioned proteins under both ischemia alone and following reperfusion as compared to
in the WT astrocytes. This upregulation reached statistically significant levels under ischemia
alone for Akt (approximately 8.4 times greater than WT), NF-xB (approximately 1.9 times
greater than WT), ERK1/2 (approximately 1.9 times greater than WT), and JNK
(approximately 2.6 times greater than WT), and under ischemia with reperfusion for Akt
(approximately 3.1 times greater than WT). After reperfusion, levels of phosphorylated Akt,
JNK, and ERK1/2 remained significantly upregulated in the PHLPP2 KO astrocytes as
compared to WT astrocytes under ischemia alone. It should be noted that under basal
conditions, PHLPP2 KO astrocytes did not alter levels of Akt activation. Therefore, PHLPP2
removal appears to only potentiate Akt activation under ischemic conditions. Our findings
indicate that PHLPP2 removal accentuates MAP kinase and NF-«B signaling in astrocytes
exposed to simulated ischemia, suggesting that PHLPP2 removal might cause increased

inflammation and cell death in astrocytes that have been exposed to I/R.

PHLPP2 removal alters ERK1/2. but not Akt S473. phosphorylation following ROS

stimulation of astrocytes.

Hydrogen peroxide (H203) is a reactive oxygen species (ROS) that is released during
reperfusion injury (Granger and Kvietys 2015). To further investigate the effect of PHLPP2
removal under conditions that mimic ROS formation, WT and PHLPP2 KO astrocytes were
stimulated with H>O; (100 uM) for various times. Following stimulation, we found that
hydrogen peroxide increased phosphorylation of both Akt S473 and ERK1/2 in the WT cells.
PHLPP2 removal did not significantly alter levels of phosphorylated Akt S473 compared to
WT, but did significantly accentuate phosphorylation of ERK1/2 compared to WT (Figure 6A

and B). Upregulation of phosphorylated ERK1/2 reached statistical significance following 5
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(approximately 1.7 times greater than WT), 10 (approximately 2.0 times greater than WT),
and 30 (approximately 1.9 times greater than WT) minutes of H>O» stimulation. This
indicates that PHLPP2 removal accentuates ERK1/2 signaling in astrocytes exposed to ROS
stimulation, suggesting that PHLPP2 removal might alter inflammatory or survival responses
following reperfusion injury. We also found that PHLPP2 removal upregulated
phosphorylation of p70S6 kinase (Figure 6C) basally and following stimulation with
hydrogen peroxide. This finding suggests that p70S6 kinase is a direct target of PHLPP2 in
both the brain (Figure 2B) and in primary astrocytes, suggesting that PHLPP2 removal might

alter protein translation following injury.

PHLPP2 removal accentuates ischemic cell death of mouse astrocytes.

Our previous experiments have indicated that PHLPP2 removal accentuates pro-death
MAP kinase and pro-inflammatory signaling in astrocytes under conditions that mimic
ischemia and/or reperfusion injury in vitro. To further investigate PHLPP2 removal as it
relates to cell survival under conditions that simulate ischemic injury, WT and PHLPP2 KO
astrocytes were subjected to 18 hours of oxygen-glucose deprivation. Following ischemic
injury, we determined that cell death levels were increased in the PHLPP2 KO astrocytes as
compared to WT (approximately 2.1 times greater than WT). Although the data did not reach
statistical significance, it is trending towards significance (Figure 7). This result, in
conjunction with our other findings, supports the notion that PHLPP2 removal is detrimental

to astrocytes that are exposed to ischemic injury.
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Figure 1: Targeted disruption of the PHLPP2 gene. (A) Schematic representation of the PHLPP2
genomic loci, targeting constructs, and the recombined loci deleted for the indicated exons. (B)
Western blot analysis and (C) quantitation of whole brain extracts from 3-month-old PHLPP2

knockout (PH2 KO) (orange bars) and wild type (WT) (blue bars) mice for PHLPP1p and PHLPP2
expression. GAPDH is the loading control. (*p<0.05 vs. WT; means = S.E.M.; n=3 animals.)
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Figure 2: PHLPP2 removal does not affect Akt signaling in the brains of 3-month-old mice.
(A) Western blot analysis of whole brain extracts from 3-month-old PH2 KO (orange bar) and WT
(blue bar) mice for phosphorylated Akt Serine 473, GSK3a/p, and ERK1/2 expression, and
quantitation of phosphorylated Akt Serine 473 data. GAPDH is the loading control. (B) Western
blot analysis and quantitation of whole brain extracts from 3-month-old PH2 KO (orange bar) and
WT (blue bar) mice for phosphorylated p70S6 kinase expression. GAPDH is the loading control.
(*p<0.05 vs. WT; means =+ S.E.M.; n=3 animals for phosphorylated Akt Serine 473; n=4 animals
for phosphorylated p70 S6K.)
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Figure 3: PHLPP2 removal does not alter PHLPP1p levels in

mouse astrocytes. (A) Western blot analysis and (B) quantitation of
astrocytes from WT and PH2 KO mice for PHLPP2 and PHLPP1S

expression. GAPDH is the loading control. (*p<0.05 vs. WT; means +
S.E.M.; n=6).
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Figure 4: PHLPP2 removal accentuates LPS-induced inflammatory gene
expression in mouse astrocytes. WT (blue bars) and PH2 KO (orange bars)
mouse astrocytes were stimulated with 10 pug/mL LPS for 6 hours. Graphs
represent fold changes in mRNA expression of (A) NLRP3 and IL-18, which
are inflammasome-dependent, and (B) TNFa, Cox2, and IL-6, which are NF-
«kB-dependent, vs. WT untreated. (*p<0.05 vs. WT + LPS; means + S.E.M.;
n=3.)
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Figure 5: PHLPP2 removal alters signaling in mouse astrocytes following
simulated I/R. WT (blue bars) and PH2 KO (orange bars) mouse astrocytes
were subjected to 2 hours of simulated ischemia or 2 hours of simulated
ischemia with 30 minutes of reperfusion. Graphs represent fold changes in
phosphorylated Akt Serine 473, p38, INK, ERK1/2, and p65 expression vs. WT
ischemia. (*p<0.05 vs. WT ischemia; #p<0.05 vs. WT ischemia + 30’
reperfusion; n=3 for phosphorylated Akt Serine 473, p38, ERK1/2, and p65;
n=2 for phosphorylated JNK; means + S.E.M. for phosphorylated Akt Serine
473, p38, ERK1/2, and p65; mean + S.D. for phosphorylated JNK.)
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Figure 6: PHLPP2 removal alters ERK1/2 and p70 S6K, but not Akt, phosphorylation
following ROS stimulation of primary astrocytes. (A) Western blot analysis and (B)
quantitation of extracts from PH2 KO (orange lines) and WT (blue lines) mouse astrocytes
following 5, 10, 30, or 60 minutes of hydrogen peroxide (100 pM) stimulation for phosphorylated
Akt Serine 473 and ERK1/2 expression vs. WT untreated. GAPDH is the loading control. The
lines in (A) indicate removal of the 15 minute time points for both phosphorylated Akt Serine 473
and ERK1/2, and to correct for consistent loading order for phosphorylated ERK1/2. (C) Western
blot analysis of extracts from PH2 KO and WT mouse astrocytes following 5, 15, 30, or 60
minutes of hydrogen peroxide (100 uM) stimulation for phosphorylated p70 S6K expression.
GAPDH is the loading control. (*p<0.05 vs. WT; means + S.E.M.; n=5 for phosphorylated Akt
Serine 473 for all time points except for the 10 minute time point which was based on an n=4; n=3
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DISCUSSION

PHLPPI1 and PHLPP2 are serine/threonine phosphatases that are similar in structure
and are both ubiquitously expressed throughout the cell (Gao et al. 2005; Grzechnik and
Newton 2016). The PHLPP phosphatases have been demonstrated to dephosphorylate several
members of the AGC kinase family, including the pro-survival serine/threonine kinase Akt, in
order to regulate a variety of cellular responses (Grzechnik and Newton 2016; Mullonkal and
Toledo-Pereyra 2009; Brognard et al. 2007). Our laboratory previously generated global
PHLPP1 KO mice via disruption of the PHLPPI gene (Chen et al. 2013). Using PHLPP1 KO
mice, we demonstrated that removal of PHLPP1 increases Akt phosphorylation, and decreases
cell death of astrocytes under simulated ischemia (Chen et al. 2013). The same result was
also found using neurons with PHLPP1 knock-down (Chen et al. 2013). Additionally,
PHLPP1 KO mice that had undergone middle cerebral artery occlusion (MCAO), a model of
stroke, displayed increased Akt phosphorylation and a decreased infarct volume compared to
WT mice (Chen et al. 2013). The decreased injury was Akt dependent since pretreatment
with an Akt inhibitor in PHLPP1 KO mice prevented protection (Chen et al. 2013). This
study informed us that PHLPP1 removal leads to increased Akt activity and is therefore
protective to astrocytes, hippocampal neurons, and the brain following ischemic damage.
However, the effect of PHLPP2 removal on signaling in the brain and its effect on astrocytes
under ischemic conditions has not been previously demonstrated. Thus, we generated global
PHLPP2 KO mice via disruption of the PHLPPZ2 gene in order to investigate these questions.
Here we demonstrate that removal of PHLPP2 does not alter Akt signaling in the brain
basally, accentuates inflammatory signaling in astrocytes, and is detrimental under conditions

that mimic I/R injury.
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In the present study, we investigated the effect of removal of the PHLPP2 isoform on
PHLPPI expression and downstream signaling pathways targeted by the phosphatase in the
brain of 3-month-old mice under basal conditions. Although I found that PHLPP2 removal
does not affect PHLPP1 levels in the brain or in astrocytes basally, further studies are needed
to investigate whether PHLPP2 removal alters PHLPP1 levels in the brain following I/R
injury, or with aging (because aging is a major risk factor for brain ischemia). Alterations in
PHLPP1 levels could affect pro-survival Akt phosphorylation since PHLPP1
dephosphorylates Akt in the brain under simulated I/R injury (Chen et al. 2013); thus, it
would be beneficial to investigate whether or not PHLPP1 levels are affected by PHLPP2
removal in the brain under simulated I/R or with aging. Preliminary data from our laboratory
not represented here suggests that with aging (24 months), WT mice exhibit decreased Akt
phosphorylation and increased PHLPP1 with a corresponding decrease in PHLPP2 levels in
the brain. Overall changes in PHLPP protein expression may alter the susceptibility of the
brain to ischemic damage.

Although the two isoforms are similar in structure, PHLPP1 and PHLPP2 are not
identical (Grzechnik and Newton 2016). PHLPP2 has a shorter N-terminal domain and a
longer leucine-rich repeat region as compared to PHLPP1 (Grzechnik and Newton 2016).
Additionally, according to Brognard and colleagues, differences in PHLPP isoform signaling
could be attributed to binding specificity or differences in regulatory domains of the two
isoforms (which limit substrate phosphorylation) (Brognard et al. 2007). Our previous study
found that PHLPP1 removal from the whole brain under basal conditions resulted in
significantly increased Akt kinase activity, as measured by increased phosphorylation of
Akt’s downstream target GSK3 (Chen et al. 2013). Other studies have shown that PHLPP2

targets Akt in cancer cells and in vivo in the whole rat brain under I/R (Brognard et al. 2007,
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Wei et al. 2014; Li et al. 2014). In our present study, we found that PHLPP2 removal in the
whole brain basally does not affect Akt phosphorylation or activity (as measured by
phosphorylation of GSK3a/f). The reason as to why PHLPP2 targets certain substrates in
some cell types or tissues but not others is currently unknown and is an avenue for future
research. While PHLPP2 removal does not alter basal changes in Akt activity in the brain, it
does not rule out the possibility that it may alter Akt and its downstream targets under
ischemic or stress conditions. We can conclude from the present study that not only does
PHLPPI not compensate for the loss of PHLPP2, but PHLPP1 and PHLPP2 do not appear to
have identical signaling pathways.

PHLPPI1p, which is also known as SCOP (suprachiasmatic nucleus circadian
oscillatory protein) because its expression oscillates in a circadian pattern in the hypothalamic
suprachiasmatic nucleus (SCN), has been demonstrated to bind to and inhibit K-Ras, which is
an upstream activator of ERK1/2, in certain key parts of the brain (Shimizu et al. 2010).
ERK1/2 has been demonstrated to play a vital role in memory consolidation and cell
proliferation; therefore, PHLPP1[ plays a role in memory consolidation and cell proliferation
as well (Shimizu et al. 2010). ERK1/2 has also previously been demonstrated in cancer cells
to be a target of PHLPP2 (Li et al. 2014). In the present study, we found that PHLPP2
removal does not affect ERK1/2 signaling in the whole brain under basal conditions. As
mentioned previously, PHLPP1 and PHLPP2 do not have identical signaling pathways, and it
1s possible for PHLPP?2 to target some substrates in certain cell types or tissues but not in
others. It had been previously demonstrated by Liu and colleagues that p70S6 kinase is a
direct target of PHLPP independent of Akt (Liu et al. 2011). In agreement with these
findings, we found that levels of phosphorylated p70S6 kinase, which upregulates protein

translation (Kawasome et al. 1998), were significantly upregulated upon removal of PHLPP2
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in both 3-month-old mouse brains and primary astrocytes without altering Akt. Our finding
supports the notion that PHLPP2 directly targets p70S6 kinase in both astrocytes and in the
brain, suggesting that removal of PHLPP2 may increase protein translation important for cell
growth and proliferation. Future studies are needed to determine whether this pathway is
involved in PHLPP2-mediated responses to injury in the brain.

In the present study, we only investigated the effect of PHLPP2 removal on the brain
under basal conditions, but not under conditions of stress. To gain more knowledge about the
effect of PHLPP2 removal on ischemic injury, it would be beneficial to study these pathways
under in vivo conditions that mimic stroke, such as MCAO. We also only investigated
PHLPP2 removal as it relates to Akt, ERK1/2, and p70S6 kinase signaling, but not as it
relates to any of the other pathways that PHLPP is known to target. Other pathways that are
relevant to ischemic injury and inflammation in the brain include the NF-xB and other MAP
kinase pathways (i.e. p38 and JNK) (Irving and Bamford 2002; Wang et al. 2004; Doll et al.
2014). As previously discussed, these pathways are involved in inflammation, which can
promote cell death (Irving and Bamford 2002; Wang et al. 2004; Doll et al. 2014). Therefore,
it would be important to determine the effect of PHLPP2 removal on these pathways in the
brain basally and following injury. Although our findings suggest that PHLPP1 and PHLPP2
may have different signaling pathways in the brain, it is important to investigate the effect of
PHLPP2 removal on signaling in cells, including astrocytes.

Ischemic injury in the brain leads to increased inflammation and cytokine release,
which overall contributes to increased cell death (Doll et al. 2014). Upon ischemic injury,
neurons and glial cells produce ROS, pro-inflammatory cytokines, and other mediators of
inflammation (Barreto et al. 2011). This induces astrocytes to undergo reactive astrogliosis,

in which they further secrete pro-inflammatory cytokines (Kawabori and Yenari 2015;
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Sofroniew and Vinters 2010; Barreto et al. 2011). Additionally, ischemic injury leads to
increased activation of NF-kB and the MAP kinases, which all regulate the inflammatory
response (Irving and Bamford 2002; Wang et al. 2004; Doll et al. 2014). Specifically, NF-xB
1s activated in reactive astrocytes and plays an important role in reactive astrogliosis (Saggu et
al. 2016). According to a study by Saggu and colleagues, astrocyte-specific knock-down of
NF-kB in mouse reactive astrocytes from white matter of the brain reduced levels of reactive
astrogliosis and was protective of neurons and the brain (Saggu et al. 2016). Because
increased inflammation occurs as a result of ischemic injury and it has been known to
contribute to increased cell death (Doll et al. 2014), we investigated the effect of PHLPP2
removal on inflammatory signaling in astrocytes under conditions that mimic I/R injury. The
endotoxin LPS was used as a positive control for inflammation in this study because it is a
strong inducer of inflammation and upregulates the expression of many pro-inflammatory
genes including COX-2, IL6, TNFa, and IL-10 (Font-Nieves et al. 2012; Lamkanfi et al.
2009; Rossol et al. 2011).

In a prior study, Agarwal and colleagues demonstrated that PHLPP2 inactivates IKKf
kinase, thereby repressing activation of NF-kB, in human gliomas (Agarwal et al. 2014). In
the present study, we found that PHLPP2 removal accentuates LPS-induced inflammatory
gene expression of the NF-kB-dependent genes TNFa, Cox2, and IL-6. This result—in
conjunction with our finding that PHLPP2 removal upregulates NF-xB (p65) phosphorylation
in astrocytes exposed to simulated ischemia—supports the notion that PHLPP2 regulates NF-
kB in an inhibitory manner. Even though the study published by Agarwal and colleagues was
on human gliomas rather than primary mouse astrocytes exposed to simulated ischemia or
LPS, their proposed mechanism offers an explanation as to why NF-xB was activated and

downstream gene expression was significantly increased upon loss of PHLPP2 (Agarwal et al.
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2014). Future studies are needed to investigate whether PHLPP2 directly targets NF-«xB or its
upstream kinase IKKf in astrocytes during simulated ischemia or following LPS stimulation.
To further investigate NF-«kB activity, use of the NF-kB luciferase reporter in astrocytes as
well as nuclear translocation of p65 by immunocytochemistry can be used under conditions
that mimic I/R. Also, an NF-xB inhibitor can be used in culture to determine whether NF-kB
activity is necessary for the increased inflammatory response in PHLPP2 KO astrocytes.

The NLRP3 inflammasome is an important part of the innate immune response that
promotes inflammation via inducing the secretion of IL-1f and IL-18 (Kim et al. 2016; He et
al. 2016). IL-1P is a pro-inflammatory cytokine; its production leads to further inflammation
as well as cell death (Kim et al. 2016). Activation of NF-kB is necessary for LPS-induced
gene expression of NLRP3 (Qiao et al. 2012). In addition to TNFa, Cox2, and IL-6 gene
expression, we also found that gene expression of the inflammasome-dependent genes
NLRP3 and IL-1p are upregulated with PHLPP2 removal in astrocytes following LPS
stimulation. The upregulation of NLRP3 and IL-1 gene expression observed with PHLPP2
removal can also be explained by the mechanism related to PHLPP2 and NF-«xB mentioned
above. While our data suggests alterations in genes involved in the inflammasome, the
protein expression of NLRP3 as well as the inflammatory cytokines needs to be determined
by western blotting following simulated I/R in WT and KO astrocytes to confirm our findings.
Also, activity of caspase 1, which is recruited by NLRP3 and cleaves pro-IL-1p into its
mature form (Qiao et al. 2012), needs to be examined in the astrocytes following simulated
I/R or LPS stimulation. Taken together, our findings suggest that removal of PHLPP2 may
alter multiple pathways to induce pro-inflammatory gene expression and therefore may be

detrimental to astrocytes under ischemic conditions or endotoxin exposure.
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Activation of the MAP kinases—JNK, ERK1/2, and p38—has been suggested to be
induced by inflammation and brain ischemia to promote pro-death signaling (Irving and
Bamford 2002; Szydlowska et al. 2010). ROS levels majorly increase at reperfusion, and
JNK has been demonstrated to be activated by ROS (Shi et al. 2014; Granger and Kvietys
2015). It has been demonstrated in cancer that PHLPP directly dephosphorylates and
therefore activates the protein Mstl, which plays an important role in apoptosis through its
downstream targets JNK and p38 (Qiao et al. 2010). It has also been previously demonstrated
in mouse epidermal cells that loss of PHLPP2 leads to increased activation of the transcription
factor c-Jun, which is one of the most notable transcription factors activated by JNK, in a
JNK-independent manner (Zhu et al. 2014). In our model of simulated I/R, we found that
JNK activation was significantly increased at ischemia with PHLPP2 removal. We also found
that in the WT astrocytes, JNK activation was significantly increased with reperfusion as
compared to ischemia alone, possibly due to increased ROS at reperfusion. JNK activation
was accentuated by PHLPP2 removal and appeared to act synergistically; JNK activation was
at its highest with PHLPP2 removal at reperfusion. Although Zhu and colleagues
characterized the observed upregulation of c-Jun activation with PHLPP2 loss as being JNK-
independent in epidermal cells (Zhu et al. 2014), it is still possible that PHLPP2 loss could
lead to upregulation of c-Jun phosphorylation in a JNK-dependent manner in astrocytes
following simulated I/R. Future studies should investigate c-Jun phosphorylation in PHLPP2
KO astrocytes that have been treated with a JNK inhibitor under I/R conditions. Although our
finding does not appear to agree with the previous finding regarding PHLPP and Mstl, future
studies could investigate Mstl levels in PHLPP2 KO astrocytes under simulated I/R to gain
more information. Since JNK activation has been suggested to promote cell death in the brain

following cerebral ischemia (Irving and Bamford 2002), our findings suggest that PHLPP2
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removal is likely to be detrimental to astrocytes under simulated I/R in a JNK-dependent
manner.

Li and colleagues have demonstrated that PHLPP2 inhibition increased ERK1/2
signaling in mouse colorectal cancer cells (Li et al. 2014). They proposed that PHLPP2
directly dephosphorylates RAF1, which is upstream of ERK1/2 (Li et al. 2014). The Ras
Association domain of PHLPP has been shown to be involved in regulation of ERK1/2
signaling (Shimizu et al. 2010). We found that ERK 1/2 phosphorylation was significantly
increased following simulated ischemia with PHLPP2 removal as compared to WT astrocytes.
Additionally, under ROS stimulation, we found that ERK1/2 activation was potentiated in
PHLPP2 KO astrocytes compared to WT. While we did not detect changes in ERK1/2
activation basally in the brain with PHLPP2 removal, it is possible that following simulated
I/R, removal of PHLPP2 accentuates ERK1/2 activation through increased phosphorylation of
its upstream kinase RAF1 in astrocytes. Further studies are needed to look at alterations in
upstream signaling of ERK1/2 as well as its kinase activity following simulated I/R in WT
and KO astrocytes. Like JNK signaling, activation of ERK1/2 signaling pathway has been
demonstrated to promote cell death and be involved in inflammation (Irving and Bamford
2002; Szydlowska et al. 2010; Wang et al. 2004). Thus, the observation that PHLPP2
removal causes increased ERK1/2 phosphorylation in astrocytes under conditions that mimic
I/R further implies that PHLPP2 removal is overall detrimental in cerebral I/R. Further
studies are needed to delineate the contribution of the two signaling pathways in ischemic
injury. Through the use of ERK and JNK inhibitors, we can determine whether the pathways
work synergistically or in parallel following simulated I/R with PHLPP2 removal.

Like JNK and ERK1/2, p38 has also been described as being pro-death and involved

in inflammation in brain I/R injury (Irving and Bamford 2002; Szydlowska et al. 2010). As
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previously mentioned, it is a known downstream target of PHLPP via PHLPP’s activation of
Mstl, which then activates p38 (Qiao et al. 2010). Because we saw no significant change in
p38 phosphorylation with PHLPP2 removal under simulated I/R, our preliminary data
suggests that PHLPP2 removal may not alter p38 in astrocytes under simulated I/R. A more
thorough investigation of p38 signaling is needed in vitro as well as in vivo following I/R
before any conclusions can be drawn. While it is not known why PHLPP?2 targets its
substrates in certain cell types and under certain conditions, hopefully further studies in
astrocytes will elucidate its mechanism of action.

Lastly, we also investigated the activation of Akt at Serine 473 following simulated
I/R and after ROS stimulation in WT and PHLPP2 KO astrocytes. Although we found no
significant difference in Akt Serine 473 phosphorylation between the WT and PHLPP2 KO
brains under basal conditions, we found that phosphorylation was significantly increased with
PHLPP2 removal in astrocytes following ischemia. In conditions that mimic ROS
stimulation, removal of PHLPP2 did not accentuate Akt Serine 473 phosphorylation. This
implies that the upregulation in Akt phosphorylation observed at reperfusion in the PHLPP2
KO astrocytes was probably mainly due to the significant upregulation in phosphorylation
that occurred during ischemia alone. Since activation of Akt is known to promote pro-
survival signaling in astrocytes and the brain (Chen et al. 2013), it is possible that
upregulation of Akt observed during simulated ischemia in the PHLPP2 KO astrocytes was in
response to damage, or removal of PHLPP2 may directly alter Akt phosphorylation only
under stress. Future studies are needed to investigate Akt activity by activity assay as well as
through analysis of the phosphorylation at Threonine 308, since phosphorylation of both
residues are required for complete activation of Akt (Manning and Toker 2017). Also,

phosphorylation of GSK3a/p, a downstream target of Akt, is indicative of Akt activity and
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would further clarify our data (Mullonkal and Toledo-Pereyra 2007). If it is demonstrated
that Akt activity is altered by PHLPP2 removal under ischemic conditions, WT and PHLPP2
KO astrocytes can be treated with an Akt inhibitor (Chen et al. 2013) to determine its role in
inflammation and cell death of astrocytes exposed to simulated I/R.

Our laboratory previously found that PHLPP2 silencing via siRNA knock-down did
not alter cell death levels in astrocytes following simulated ischemia compared to control
(Chen et al. 2013). However, we found in the present study that astrocytes isolated from
PHLPP2 KO mice potentiate cell death following simulated ischemia in culture compared to
WT. This discrepancy could be attributed to the fact that the astrocytes in the PHLPP2
knock-down study had only undergone loss of PHLPP2 for two days prior to simulated
ischemia (Chen et al. 2013), whereas in the present study, the astrocytes had loss of PHLPP2
since development. While our data suggests that during ischemia (2 hours) removal of
PHLPP?2 increases phosphorylation of Akt at Serine 473, and one would assume this would
protect astrocytes from damage, this discrepancy could be attributed to the amount of time the
astrocytes were exposed to ischemia. Following 18 hours of ischemia there may be
alterations in Akt or pro-death pathways that could contribute to our finding. Future studies
are needed in the PHLPP2 KO and WT astrocytes to determine whether apoptosis is
significantly altered following simulated ischemia or if other pathways (i.e. necrosis and
autophagy) may be involved. This would help to determine whether PHLPP2 removal truly
does alter cell death of astrocytes or if the loss of PHLPP2 does not have a significant effect

on apoptotic cell death, as was reported previously.
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Future Studies

In conclusion, our study found that PHLPP2 removal might have detrimental
consequences in astrocytes that have been exposed to conditions that mimic I/R. Specifically,
we demonstrated that increased pro-death inflammatory signaling and MAP kinase signaling
occurs, and that cell death levels increase upon removal of PHLPP2 in astrocytes under
simulated I/R. These findings have implications for the usage of PHLPP as a
pharmacological target. As previously mentioned, our laboratory demonstrated that PHLPP1
removal protects both astrocytes and neurons from injury in the brain caused by ischemic
damage (Chen et al. 2013). Given our findings, it is suggested that PHLPP1 and PHLPP2
have opposing functions in astrocytes during I/R (Chen et al. 2013). Therefore, usage of pan-
PHLPP inhibitors to treat victims of brain ischemia would not be an ideal usage of the PHLPP
phosphatases as pharmacological targets. Two small molecule pan-PHLPP inhibitors
(NSC117079 and NSC45586) were discovered by Sierecki and colleagues in 2010, and were
then tested by Jackson and colleagues in 2013 in astrocytes (Sierecki et al. 2010; Jackson et
al. 2013). Jackson and colleagues concluded that while specific inhibition of PHLPP1
accentuated Akt signaling in astrocytes, pan-PHLPP inhibition via usage of the inhibitors
blocked pro-survival Akt activation in astrocytes and was overall detrimental (Jackson et al.
2013). Our findings agree with Jackson and colleagues’ conclusion that developing an
inhibitor specific to PHLPP1 would be a promising therapeutic to treat brain ischemia, rather
than utilizing either of the currently available pan-PHLPP inhibitors. In addition to
developing more specific PHLPP1 isoform inhibitors, future research is needed to determine
the effects of overexpression of the PHLPP2 isoform on astrocyte function and signaling
during simulated I/R. Investigating this could determine whether overexpression of PHLPP2

could be used as a therapeutic intervention to treat ischemic damage. Lastly, while the
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changes with PHLPP2 removal have been investigated in astrocytes, using the PHLPP2 global
KO mice we can examine the signaling in other cell types of the CNS, such as neurons and
microglia, to further elucidate the effect of PHLPP2 removal on the CNS under conditions
that mimic I/R. These studies would further clarify whether PHLPP1 and PHLPP2 have
opposing or overlapping signaling in other cells of the CNS since this would be important in

the context of therapeutic use following cerebral ischemia.
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Table 1: Hypoxia Media

APPENDIX

Reagent Source Formula Quantity Final
Weight (FW) Concentration
or Stock
Concentration
Sodium chloride Fischer SM 14 mL 140 mM
Scientific

Potassium chloride Fischer 3M 2 mL 12 mM
Scientific

Magnesium chloride Acros IM 0.5 mL 1 mM
Organics

4-(2-hydroxyethyl)-1- Caisson Labs | 1 M SmL 10 mM

piperazineethanesulfonic

acid

Calcium chloride Fischer IM I mL 2 mM

Scientific

Add components to a glass beaker with 300 mL of water and stir. While stirring, pH

the solution to 6.5. Add the solution to a graduated cylinder and fill to 500-mL mark with

water. Filter sterilize the solution.
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Table 2: Normoxia Media

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Sodium chloride Fischer SM 14 mL 140 mM
Scientific

Potassium chloride Fischer 3M 0.84 mL 5 mM
Scientific

Magnesium chloride Acros IM 0.5 mL 1 mM
Organics

4-(2-hydroxyethyl)-1- Caisson Labs | | M S mL 10 mM

piperazineethanesulfonic

acid

Calcium chloride Fischer IM I mL 2 mM
Scientific

Glucose Fischer 180 090 g 10 mM
Scientific

Add components to a glass beaker with 300 mL of water and stir. While stirring, pH

the solution to 7.4. Add the solution to a graduated cylinder and fill to 500-mL mark with

water. Filter sterilize the solution.
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Table 3: 0.5 M Ethvlenediaminetetraacetic acid (EDTA)

Reagent Source FW or Stock Quantity Final
Concentration Concentration
EDTA Aldrich 372.24 9 g 0.5M
Chemical
Company
Sodium Fischer 40 10g 0.5M
hydroxide Scientific

Combine components in approximately 300 mL of water. Stir and pH to 8. Add

water such that total volume is 500 mL.
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Table 4: RIPA Buffer (incomplete)

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Sodium chloride | Fischer 5M 15 mL 150 mM
Scientific

Tris (pH: 7.4) Fischer IM 25 mL 50 mM
Scientific

Nonidet P40 USB ~603 5mL 1%

Substitute Corporation

Sodium Alfa Aesar 432.58 5¢g 23 mM

deoxycholate

SDS Hoefer 10% 5mL 0.1%

EDTA See Table 3 0.5M 2 mL 2 mM

Sodium fluoride | Sigma-Aldrich | 1M 25 mL 50 mM

Combine components and add water such that total volume is 500 mL. Stir.
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Table 5: 100 mM Phenylmethylsulfonyl fluoride

Reagent Source FW or Stock Quantity Final
Concentration Concentration
Phenylmethylsulfonyl | Calbiochem 174.2 ldg 100 mM
fluoride
Isopropanol Fischer 60.1 80 mL N/A
Scientific

Combine components.
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Table 6: RIPA Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration

RIPA Buffer See Table 4 | 15.4% 5mL 15.1%

(incomplete)

para- Sigma- IM S uL I mM

Nitrophenylphosphate | Aldrich

Sodium orthovanadate | Fischer 500 mM 5uL 0.5 mM

(pH: 10) Scientific

Leupeptin Fischer 10 mg/mL 5uL 10 pg/mL
Scientific

Aprotinin Sigma- 200X 33 uL IX
Aldrich

Phenylmethylsulfonyl | See Table 5 100 mM 50 uL I mM

fluoride

Vortex sodium orthovanadate and phenylmethylsulfonyl fluoride prior to use.

Combine components and mix.
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Table 7: 5X SDS Loading Dye

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Tris (pH: 7) Fischer IM 12 mL 0.25M
Scientific

Glycerol Fischer 92.09 19.2 mL 40%
Scientific

SDS Hoefer 288.38 3.84¢g 277 mM

B- Sigma-Aldrich | 78.13 9.6 mL 20%

Mercaptoethanol

Bromophenol Fischer 669.96 0.048 g .0015 mM

blue Scientific

Combine the components and add water such that the total volume is 48 mL.
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Table 8: MOPS Buftfer

Reagent Source FW or Stock Quantity Final
Concentration Concentration
MOPS Spectrum 209.26 836.8 g 1M
Chemical
Tris-base Gentrox 121.14 4848 g M
SDS Hoefer 288.38 80 g 69.4 mM
EDTA Aldrich 372.24 24 g 16.1 mM
Chemical
Company

Dissolve components in 2 L of water. Add more water such that the total volume is 4

L. Dilute with water in a 1:20 ratio for 1X MOPS Buffer.

Table 9: TA Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration
TA Bufter Novex Life 20X 50 mL IX
Technologies

Dissolve in 950 mL of water.
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Table 10: 20X Transfer Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Tris-base Gentrox 121.14 145.6 g 0.24 M

Glycine Gentrox 75.07 720 g 1.92 M

Combine components in 2 L of water. Add water such that the total volume is 5 L.

Table 11: 1X Transfer Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration
20X Transfer See Table 10 20X 50 mL 1X
Buffer
Methanol Fischer 32.04 g/mol 200 mL 20%
Scientific

Combine components and add water such that the total volume is 1 L.
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Table 12: 10X TBS

Reagent Source FW or Stock Quantity Final
Concentration Concentration
Tris Fischer 157.6 63 ¢g 0.1 M
hydrochloride Scientific
Sodium chloride | Fischer 58.44 g/mol 702 g 0.3 M
Scientific

Combine components in 2 L of water. pH to 7.5.

volume is 4 L.

Table 13: 0.1% TBS-T

Add water such that the total

International

Reagent Source FW or Stock Quantity Final
Concentration Concentration

10X TBS See Table 12 10X 2L 10%

Tween-20 Chem-Impex 1227.54 20 mL 0.1 %

Combine components and add water such that the total volume is 20 L.
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Table 14: Western Blot Antibody List

Antigen Product Source/ Dilution Source
Catalog #

PHLPP2 (primary) Bethyl #A300-661A 1:2000 Rabbit

PHLPP1 (primary) Bethyl #A300-660A | 1:2000 Rabbit

GAPDH (primary) Cell Signaling 1:1000 Rabbit
Technology #2118

Phosphorylated Akt Cell Signaling 1:1000 Rabbit

(Serd73) (primary) Technology #9271

Phosphorylated Cell Signaling 1:1000 Rabbit

GSK3a/B (Ser21/9) Technology #9331

(primary)

Phosphorylated Cell Signaling 1:1000 Rabbit

ERK1/2 Technology #9101

(Thr202/Tyr204)

(primary)

Phosphorylated Cell Signaling 1:1000 Rabbit

p70S6K (Thr389) Technology #9234

(primary)

Phosphorylated p65 Cell Signaling 1:1000 Rabbit

(Ser536) (primary) Technology #3033
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Table 14: Western Blot Antibody List (continued)

Antigen Product Source/ Dilution Source
Catalog #

Phosphorylated JNK Cell Signaling 1:1000 Rabbit

(Thr183/Tyr185) Technology #4668

(primary)

Phosphorylated p38 Cell Signaling 1:1000 Rabbit

(Thr180/Tyr182) Technology #4511

(primary)

B-actin (primary) Cell Signaling 1:1000 Rabbit
Technology #8457

o-tubulin (primary) Cell Signaling 1:1000 Rabbit
Technology #2144

Anti-Rabbit Sigma-Aldrich 1:8000 N/A

Immunoglobin G

(secondary)

#A6154
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Table 15: cDNA Synthesis Mix

Reagent Source FW or Stock Quantity Final
Concentration Concentration

10X RT Fischer 10X 2 ul 20%

Random Scientific

Primers

dNTP Mix Fischer 100 mM 0.8 uL 8%
Scientific

RNAse Inhibitor | Fischer 20 units/pL 1 uL 10%
Scientific

MultiScribe Fischer 50 units/uL 1 uL 10%

Reverse Scientific

Transcriptase

10X RT Buffer | Fischer 10X 2 ulL 20%
Scientific

Combine the components with 3.2 pL of sterile water. Add to 1 pg RNA (10 pL

volume), for a final volume of 20 pL.
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Table 16: RT-PCR Protocol

Time Temperature
10:00 25°C
2:00:00 37°C

5:00 85 °C

Hold 4°C

Table 17: gPCR Primer List

Gene of Interest (Mouse) Integrated DNA Technologies #
GAPDH Mm.PT.39a.1

ILIB Mm.PT.58.41616450

IL6 Mm.PT.58.10005566

TNFa Mm.PT.58.12575861

COX-2 Mm.PT.58.9154407

NLRP3 Mm.PT.58.13974318
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Table 18: gPCR Protocol

Stage Time Temperature
Holding 2:00 50°C
Holding 10:00 95°C
Cycling 0:15 95°C
Cycling 1:00 60°C

Following cDNA synthesis, dilute each reaction by adding 20 pL of sterile water (40

pL total). Dilute cDNA again by adding sterile water (1:25 dilution). Add 9 pL of diluted

cDNA to 1 puL of primer (see Table 17) and 10 uL of gPCRBIO Probe Mix Lo-Rox (Genesee

Scientific), and add to the wells of a 96-well gPCR plate. Run the plate on 7500 fast StepOne

Real-Time PCR System (Thermo Scientific). Cycling stage repeats 40 times. Analyze

relative quantification using the comparative threshold cycle (Ct) method normalized to

glyceraldehyde 3-phosphate dehydrogenase (GAPDH) as described previously (Schmittgen

and Livak 2008).
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Table 19: 1 X JNK Lysis Buffer (incomplete)

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Tris (pH: 7.6) Fischer IM 10 mL 20 mM
Scientific

Sodium Fischer 5SM 25 mL 250 mM

chloride Scientific

EDTA See Table 3 0.5M 3mL 3 mM

Egtazic acid Sigma-Aldrich | 0.1 M 15 mL 3 mM

B-glycero- Sigma-Aldrich | 1M 10 mL 20 mM

phosphate (pH:

7.6)

Nonidet P40 USB ~603 2.5mL 0.5%

Substitute Corporation

Combine components and add water such that the total volume is 500 mL. Filter

sterilize the solution.
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Table 20: JNK Lysis Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration

JNK Lysis Buffer See Table 18 | 1X S5mL 98%

(incomplete)

para- Sigma- IM S5 uL I mM

Nitrophenylphosphate | Aldrich

Sodium Fischer 500 mM 5uL 0.5 mM

orthovanadate (pH: Scientific

10)

Leupeptin Fischer 10 mg/mL 5uL 10 pg/mL
Scientific

Aprotinin Sigma- 200X 33 uL 1X
Aldrich

Phenylmethylsulfonyl | See Table 5 100 mM 50 uL I mM

fluoride

Vortex sodium orthovanadate and phenylmethylsulfonyl fluoride prior to use.

Combine components and mix.
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Table 21: Western Buffer

Reagent Source FW or Stock Quantity Final
Concentration Concentration

Sodium Sigma Aldrich | 0.5 M 20 mL 20 mM

phosphate (pH:

7)

Sodium chloride | Fischer 5M 15 mL 150 mM
Scientific

Magnesium Acros Organics | | M I mL 2 mM

chloride

Nonidet P40 Sigma Aldrich | 100% 0.5 mL 0.1%

Glycerol Fisher Scientific | 100% 50 mL 10%

Okadaic acid Sigma Aldrich 10 uM 0.5 mL 10 nM

Sodium fluoride | Sigma Aldrich IM SmL 10 mM

Sodium Sigma Aldrich | 0.5 M 10 mL 10 mM

pyrophosphate

Dithiothreitol Sigma Aldrich | 1M 0.5 mL 1 mM

Sodium Sigma Aldrich | 200 mM 0.0092 g 0.1 mM

orthovanadate

Pepstatin Sigma Aldrich | 1 mg/mL S5mL 10 pg/mL

Leupeptin Sigma Aldrich 1 mg/mL SmL 10 pg/mL

Aprotinin Sigma Aldrich | 25 mg/mL 200 pL 10 pg/mL
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Table 21: Western Buffer (continued)

Reagent

Source

FW or Stock

Concentration

Quantity

Final

Concentration

No-Tosyl-L-
lysine
chloromethyl
ketone
hydrochloride

Sigma Aldrich

5 mg/mL

1 mL

10 pg/mL

L-1-
Tosylamide-2-
phenylethyl
chloromethyl
ketone

Sigma Aldrich

5 mg/mL

1 mL

10 pg/mL

Add components to 250 mL of water, then bring up the volume to 500 mL and stir.
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