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mRNAlocator In Situ Hybridization Kit from Ambion (Austin, TX). All other chemicals were reagent

grade.

3.2.2 Animal Model

All animal experiments throughout the thesis were approved by the Wayne State University
Animal Investigation Committee and were conducted following the Guide for the Care and Use of

170

Laboratory Animals (National Research Council, revised 2011)"". Global forebrain ischemia was induced

in adult (275-300 g) male Long Evans rats using the bilateral carotid artery (two-vessel) occlusion and

IZG

hypovolemic hypotension (2VO/HT) model developed by Smith et al.”” and used commonly in the

DeGracia laboratory®®®*2. Animals were anesthetized with 5% halothane and anesthesia was maintained

at 2% halothane in 100% O, using a facemask throughout the duration of the surgery. Throughout the

ischemic period and the first hour of reperfusion, body temperature was maintained at 37 + 0.5 °C using a

homeostatic blanket system and rectal temperature probe. Temperature of the head was also maintained at
37 + 1 °C and independently monitored with a thermocouple probe placed in the temporalis muscle. Mean
arterial pressure was monitored in real time via tail artery access. Blood gas measurements were
maintained at pH = 7.4 £ 0.1, pO, = 80 mmHg and pCO, = 35 £ 5 mmHg until immediately prior to the
initiation of ischemia.

To initiate ischemia, blood was withdrawn from the femoral artery into a 10-mL syringe until a
mean arterial pressure of 50 mmHg was reached. Following the withdrawal of blood, the common carotid
arteries were clamped using microaneurysm clips. Additional blood was withdrawn to maintain a mean
arterial pressure of 40 mmHg for 10 minutes. Following 10 minutes of ischemia, microaneurysm clips
were released and blood was reinfused at a rate of 5 mL per minute. All wounds were sutured and
anesthesia and temperature control was maintained for one hour following the surgery. Post-surgical
animals displaying frank necrosis, weight loss > 15% initial body weight/day, or sustained seizure activity

were excluded from the study. Overall survival rate for the reperfusion groups was 75%. Tissue
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processing and brain dissection is further described below. As outlined above in Chapter 2, it is well
established that transient global brain ischemia can cause DND. DND following 2VO/HT has been shown
repeatedly in the DeGracia laboratory™® and independently confirmed in other laboratories®*™. In the
DeGracia laboratory, multiple, independent lines of evidence have established selective cell death of CAl
pyramidal cell neurons in the 2VO/HT model including fluoro jade staining and morphology of toluidine

blue staining (Figure 2).

3.2.3 CHX and Puromycin Treatments

For the CHX study, animals were subjected to 10 minutes ischemia followed by one hour
reperfusion. 1.5 mg/kg CHX in saline was administered via intraperitoneal injection at either 15 minutes
prior to onset of ten-minute ischemia (C-pre; n = 6) or at 15 minutes into reperfusion after ischemia (C-
post; n = 5). One hour reperfused groups were repeated using saline vehicle alone (v-pre; n = 5) (v-post; n
= 5), and groups of sham-operated nonischemic animals (NIC; n = 4) and 1 hour reperfused animals
(1hR; n = 7) without injection served as controls. The CHX dose and delivery method were chosen
because they have previously been shown to rapidly and inhibit protein synthesis in the rat brain'®. This
dose may also be neuroprotective in global ischemia models when given prior to ischemia®®®.

For the puromycin study, three non-ischemic animals were injected with puromycin (Pur) and
two animals were injected only with saline vehicle (Veh). Sections from two animals previously subjected
to 10 minutes of ischemia and one hour of reperfusion (1hR) and and two uninjected non-ischemic
animals (NICs) were also stained as controls. Puromycin dose and administration were based on the

method of Flexner, et al.'**

who showed that intra-cerebral injection 90 pg of puromycin at 9 mg/mL in
each cerebral hemisphere in the rat rapidly inhibited 90% of protein synthesis in the hippocampus, an
effect that was maintained from a single dose for over four hours.

To administer intra-cerebral injections of puromycin, rats were anesthetized IP with 100mg/kg

ketamine and 10mg/kg xylazine and placed in a stereotactic apparatus. Skull was exposed and holes were
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drilled tangent to the surface of the skull at the angle formed by the caudal parietal suture and origin of
temporalis muscle. In each hemisphere, 90 pug puromycin in 10 pL saline was injected at depth of 3 mm,
171

targeting the hippocampus (Bregma coordinates -2.1 mm caudal, 2.0 mm lateral, and 1.4 mm vertical)™ .

Rats were maintained under anesthesia for two hours after puromycin injection and then sacrificed.

3.2.4 Tissue Fixation and Staining

3.2.4.1 Fixation

One hour after ischemic injury or sham surgery or two hours after puromycin injection, rats were
transcardially perfused with 250 mL of ice-cold 0.9% NaCl at a rate of 20.8 mL/min. Following the NaCl
solution, 300 ml of 4% paraformaldehyde (PFA) in 0.1 M phosphate buffered saline (PBS) was perfused
at a flow rate of 10 mL/min. Once perfusion was complete, brains were excised and post-fixed by
immersion in 4% PFA, 0.1M PBS. Duration of the post-fix was 24 hours. Following post-fix, the dorsal
hippocampus was sectioned in 50 um coronal slices using a vibratome. Sections used for staining below

were taken near 3.0 mm posterior to Bregma. The tissue was sectioned in 0.1M PBS and resultant

sections were stored in cryostat solution at -20 °C until used for staining.

3.2.4.2 Immunofluorescent Microscopy / Fluorescent in situ Hybridization

Immunofluorescent microscopy and fluorescent in situ hybridization (IF/FISH) was performed in

2. The combined

a two stage procedure. FISH was a modification of the procedure of Bessert and Skof
procedure was performed exactly as described in Jamison, et al'. All IF procedures were at room
temperature with gentle agitation on an orbital shaker. Brain sections were washed four times for 10
minutes in 0.1 M PBS. After the last wash, sections were pre-blocked for 25 minutes in 0.1M PBS

containing 0.3% Triton X-100 and 10% serum of donkey (the host species for the secondary antibody).
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After three ten-minute washes in PBS, blocked sections were immersed in 1:25 mouse anti-HUR primary
antibody PBS 0.3% Triton X-100 and 1% donkey serum at room temperature overnight. The following
day, samples were washed three times for 10 minutes in PBS and incubated with donkey anti-mouse
secondary antibody in PBS with 0.3% Triton X-100 and 10% donkey serum for 2 hours. HUR staining
provided a useful signal for generating nuclear and cytoplasmic image masks as part of the texture
analysis described below.

Primary and secondary antibody concentrations were determined in previous studies in the
DeGracia laboratory based on dilution series’. HUR was tested with a series of dilutions on control and
experimental animals in order to determine the concentration that limits background and provides the best
overall signal. Validation of antisera staining included: (1) loss of signal with omission of primary
antisera, (2) graded loss of signal with antisera dilution, and (3) agreement with published descriptions of
antisera staining patterns were previously reported”.

The second stage, FISH, was performed under low light illumination or in the dark. At the end of
the IF procedure, slices were mounted on lysine-coated slides. IF-stained sections were fixed in 3.6%
formaldehyde in PBS for 10 minutes at room temperature and then drained and blotted. Prehybridization
was in a box humidified with 50% formamide/4X saline-sodium citrate (SSC) at 32 °C for 3 hours in
prehybridization buffer. Slides were then incubated overnight in the same apparatus in a solution of 50
ng/mL of a 5’- biotinylated 50-mer oligo-dT probe dissolved in hybridization buffer. The next day, all
subsequent processing was performed at room temperature. Slides were washed three times in 2X SSC for
10 minutes and then incubated in the dark at 1:500 Alexa 488-labeled streptavidin in 4X SSC/0.1% Triton
X-100 for 60 minutes. Slides were then washed once in 4X SSC for 10 minutes followed by incubation in
2X SSC/0.1% Triton X-100 containing 1:667 of biotinylated goat anti-streptavidin for 60 minutes. Slides
were again washed once in 4X SSC for 10 minutes and then incubated in 1:667 Alexa 488-labeled
streptavidin in 2X SSC/0.1% Triton X-100 for 60 minutes. Slides were then washed sequentially in 4X
SSC for 10 minutes and 2X SSC for 10 minutes, and then coverslipped for viewing. Previous studies

established that polyadenylated mRNA (poly(A)) and HuUR staining patterns were identical on IF/FISH
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double-labeled sections and individually stained sections. Negative controls demonstrating the specificity

of poly(A) FISH staining including pre-incubating NIC brain slices in DNAse-free RNAse or 0.1 M

NaOH were previously reported®.

3.2.5 Texture Analysis

3.2.5.1 Image Acquisition

Photomicrographs of the CA3 pyramidal cell layer of the dorsal hippocampus were acquired on
an Axioplan 2 Imaging System (Carl Zeiss, Oberkochen, Germany) equipped with an ApoTome as
previously described®. This study focused exclusively on the hippocampal CA3 region because of the
large cytoplasmic area of this population of cells. The DeGracia laboratory has previously shown that
mRNA granule formation occurs in all post-ischemic neurons®.

Similar to a laser scanning confocal microscope, the apotome focuses on a specific plane in the
tissue and can acquire optical sections moving up or down from the original plane of focus. The
microscope is controlled via a computer that is programmed to acquire optical sections of consecutive
focal planes marked by a defined distance (the software sets this distance to meet Nyquist sampling
requirements). The set of sequential optical sections are referred to as a z-stack. z-Stacks of ten optical
sections were acquired under 63x oil immersion lens (1388 x 1040 w x h; pixel spatial dimensions; x =
0.1m,y=01m, and z = 0.35 m). Eight-bit per channel maximum intensity orthographic projections
were constructed in NIH ImageJ'”® from the 16-bit acquired z-stacks and used as input images for the
texture analysis. Excitation at 488 nm and 568 nm, and emission at 518 nm and 600 nm were used for
Alexa 488 (green, poly(A)) and Alexa 555 (red, HuR) respectively. Orthographic projections were used
because they provided a denser staining pattern than single z-slices®®®® and were thus more
representative of the distribution and density of the mRNA granules in the cell cytoplasm. Each image

contained, on average, 24.1 + 3.8 cells. The ratio of total cytoplasmic area to total cell area was 73.6% *

5.1%, and the ratio of total nuclear area to total cell area was 23.4% + 5.1%.
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3.2.5.2 Texture Analysis Computations

Texture analysis is a method to quantitatively measure complex changes in images. The data
processing elements in the texture analysis pipeline were image masking, feature calculation, feature
selection, feature projection, and significance testing.

Image masking divides an image into regions of interest onto which downstream methods are
applied. Using distinctive HUR nuclear staining, images were segmented into regions of nucleus,
cytoplasm, and background. Semi-automated image segmentation was performed in the EDISON

program (Edge Detection and Image Segmentation, v1.1)*".

Following image masking subsequent texture analysis steps were carried out in MaZda v4.6'".
Features calculated by MaZda are quantifiable pieces of information which can be measured and
compared between images. Calculated features were derived from histogram analysis, absolute gradient
methods, run length matrix, co-occurrence matrix, autoregressive modeling, wavelet analysis, and fractal
dimension. A brief description of each parameter follows: Histogram analysis quantifies statistical
features of the image histogram such as kurtosis. Absolute gradient features compare each pixel to a five-
pixel neighborhood matrix. A run length matrix measures how many pixels in any direction maintain the
same intensity. A co-occurrence matrix measures the probability two pixels will have the same intensity
at a set distance apart. An autoregressive model assumes a pixel is influenced by a weight sum of
neighboring pixel intensities. Discrete wavelet transform is a linear transformation of pixel intensity.
Fractal dimension measures how image patterns change with the scale at which they are measured. In
total, 155 different image features were calculated in MaZda.

Ten features were selected to be compared between sample groups (Table 1). These ten features
were the most discriminant between sample groups by Fisher coefficient, a ratio of between-group to
within-group variance. The ten most discriminant features were carried forward to feature projection, the

transformation of high dimensional feature space into a new, lower dimensional feature. Feature
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projection was accomplished by principal component analysis (PCA), a variable reduction technique
performed within MaZda. PCA generates a first principal component or most expressive factor (MEF1)
which consolidates as much variance as possible from the ten most discriminant original variables. One-
way ANOVA was used to test the significance of group differences in MEF1 followed by Tukey post-hoc
testing of each possible pair with p<0.05 considered significant.

Table 1: Image features selected from the texture analysis. From 155 image features measured, ten each were
selected for the pre-treatment and post-treatment experiments by Fisher coefficient (F). For each set, these ten

features were then used in PCA, and a first principal component or most expressive factor (MEF1) was
calculated for each experimental group.

Input groups Feature F TA method

NIC Perc.99% 6.84 Histogram

C-pre 1hR Variance 6.19 Histogram

v-pre 1hR WavEnHH s-3 4.86 Wavelet analysis
Tetal 4.41 Autoregressive
Teta2 3.92 Autoregressive
S(2,0)Entropy 3.70 Co-occurrence matrix
S(2,—2)Entropy 3.66 Co-occurrence matrix
S(2,2)Entropy 3.52 Co-occurrence matrix
GrSkewness 3.19 Absolute gradient
WavEnHH s-1 3.18 Wavelet analysis

NIC Horzl .GLevNonU 6.11 Run length matrix

C-post 1ThR Vertl_GLevNonU 6.10 Run length matrix

v-post ThR 135dr_GLevNonU 6.03 Run length matrix
45dgr GLevNonU 6.01 Run length matrix
S(2,—2)Entropy 5.99 Co-occurrence matrix
S(2,2)Entropy 5.78 Co-occurrence matrix
Tetal 5.25 Autoregressive
WavEnHH_s-1 4.79 Wavelet analysis
Teta2 4.55 Autoregressive
S(2,0)Entropy 4.51 Co-occurrence matrix

3.3 Results

3.3.1 Pre-treatment but not Post-treatment with CHX inhibits

MRNA granules

Cytoplasmic staining of polyadenylated mRNA was quantified after one hour of reperfusion. Of
the six animals pretreated with CHX, only one displayed obvious mRNA granulation (Figure 6A).
Following CHX post-treatment, four of the five animals displayed mRNA granules (Figure 6A).

Qualitative differences seen in the microscope images were quantified by texture analysis.
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Figure 6: Effect of CHX on mRNA granules at 1 hour reperfusion after global ischemia. (A) Merged images
of pA (green) and HuR (red) double-labeling of individual samples as indicated. Scale bar applies to all
images. (B) On the left, CHX pretreated TA: PCA scatter plots for pA cytoplasmic textures in experimental
groups as indicated with Fisher coefficient in upper right. On the right, average (xstandard deviation) of
MEF1 for groups as indicated in legend. pA ANOVA p = 0.017, *Tukey HSD post hoc p < 0.05 compared to
v-pre group. (C) CHX post-treatment. On the left, TA: PCA scatter plots for pA cytoplasmic textures in
experimental groups as indicated. On the right, average (xstandard deviation) of MEF1 for groups as
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indicated in legend. pA ANOVA p = 0.023, # Tukey post hoc p < 0.01 compared to the NIC group. Modified
from Szymanski, et al. 20117

Texture analysis was used to quantify these changes and measure the effect of CHX on the C-pre
and C-post groups. After quantifying 155 unique image features in the cytoplasm of each image, Fisher
coefficient was used to select the ten features most discriminant for all animal groups (Table 1), and these
variables were consolidated by principal component analysis. MEF1 consolidated well over half the
variance in the ten most discriminant image features. The C-pre animals were indistinguishable from
NICs but significantly different from v-pre on Tukey post hoc testing after one-way ANOVA (Figure 6B).
Conversely, C-post and v-post groups were indistinguishable, but these groups were significantly
different from NICs.

Consistent with my original hypothesis, | found that CHX administered before ischemic and
reperfusion injury, when polysomes are intact, inhibited the formation of mRNA granules. CHX
administered after brain I/R injury, when polysomes have dissociated, did not inhibit the formation of

MRNA granules.

3.3.2 Puromycin induces mRNA granules in neurons of uninjured

animals.

Consistent with previous observations', NIC animals showed no mRNA granules (Figure 7A),
while 1hR animals had robust mRNA granule formation in CA3 neurons (Figure 7B). mRNA granules
have never previously been observed outside the context of global brain I/R. Two of three animals
injected with puromycin showed mRNA granule formation near the puromycin injection site (Figures 7B
and 7C). mRNA granules were not observed over 1 mm away from the injection site. Vehicle-injected
animals showed no mRNA granules throughout the entire section, showing that mechanical trauma from
the injection did not generate MRNA granules. Thus mRNA granules could be pharmacologically induced

in non-ischemic rat brain.
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Figure 7: Puromycin induced mRNA granule formation in uninjured neurons. Representative images of pA
staining in CA3 hippocampal neurons. A) Vehicle-injected non-ischemic animal without mRNA granules. B)
and C) Images from two separate, nonischemic, puromycin-treated animals showing partial mMRNA
granulation near injection site. D) Animal without puromycin injection after 10 minutes ischemia and 1hR
showing diffuse MRNA granulation.
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Chapter 4 — HuR Binds hsp70 mRNA but does not

Regulate its Nuclear Export

4.1 Introduction

After transcription, stress-induced mRNAs such as hsp70 may exit through the CRM1 pathway.
Through binding partners APRIL and pp32, HuR exits the nucleus with CRML1 in stressed cells. HUR has
been shown to facilitate nuclear export of some target mMRNA, increasing their translation**®. To study the
nuclear export of HUR and hsp70 mRNA, neurons from microdissected CA1 and CA3 hippocampal
regions were separated into nuclear and cytoplasmic fractions by differential centrifugation after gentle
mechanical homogenization. RNA immunoprecipitation (RIP) detects transcripts specifically bound to a

mRBP. RIP was used to show that HUR associates hsp70 mRNA in reperfused neurons.

4.1.1 Hypotheses

1. If hsp70 mRNA is associated with HUR in reperfused neurons, RIP will precipitate hsp70
mRNA with HuR.

2. Facilitated nuclear export of hsp70 mRNA by HuR will allow translation of hsp70 mRNA in
ischemia resistant CA3 while lack of nuclear export of hsp70 mRNA in ischemia vulnerable CA1 will

prevent translation of hsp70 mRNA.

4.2 Methods
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4.2.1 Animal Model

Animal model was used as described in Chapter 2. RIP used whole cortex tissue, and subcellular
localization used microdissection hippocampal subregions as described below. Animal groups were: For
RIP- 10 minutes ischemia followed by 8 hours reperfusion (8hR), n=3); for HUR in subcellular fractions-
NIC, n=6, and 8hR, n=6. Again for hsp70 mRNA in subcellular fractions, groups were- NIC, n=6 and

8hR, n=6.

4.2.2 RIP

RIP was based on the method Keene, et al'’"'’®. All efforts were made to prevent RNase
degradation of samples. Consumables were RNase-free and other containers and surfaces were treated
with Zap (Ambion). Where possible, procedures were performed under a laminar flow hood and all
solutions were prepared with DEPC-treated water.

8hR or NIC animals were sacrificed and brains rapidly removed. Whole forebrain was dissected
at 4 °C and homogenized on ice in 1:5 (w/v) of 50 mM HEPES pH 7.5, 150 mM NaCl, 1% (v/v) Triton
X-100, 10% (v/v) glycerol, 1 mM MgCI2, 1 mM EGTA, 80 U/mL RNase inhibitor (Ambion, Austin, TX,
USA), 0.2% ribonucleoside vanadyl complexes (Sigma, St. Loius, MO, USA), and 1:85 protease inhibitor
cocktail (Sigma). Centrifugation of the 2500 g post-nuclear supernatant at 25,000 g generated a
cytoplasmic supernatant, and 600 pg of supernatant protein was precleared with 1 puL of an unrelated
antibody (Lamin AIC, Santa Cruz Biotech, Santa Cruz, CA, USA) plus 20 uL Protein A-Sepharose beads
(Invitrogen, Carlsbad, CA, USA). Precleared supernatants were rotated 16 hr, 4°C in 15 uyL Protein A-
Sepharose prebound with 16 pg HuR antiserum (Santa Cruz) or 10 pg PABP antiserum (Abcam). Beads
were washed three times in sterile phosphate buffered saline. RNA was extracted from precipitated
protein using TRIzol reagent (Invitrogen). 2 pg total RNA was measured by A260 and reverse
transcriptase PCR was performed according to vendor instructions (Roche, Boulder, CO, USA). Primers

for PCR were gapdh (5-ACAAGATGGTGAAGGTCGGTGTGA-3, 5'-
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TTGTCATTGAGAGCAATGCCAGCC-3, 1.0 kb product) and hsp70 (5'-
TCTTGGTTGCCAACACCCAAATCC-3’, 5-AAAGGTCACTGCTAGCTCCGTGTT-3’; 05 kb
product). Amplification products were run on Tris-acetic acid- EDTA-1% agarose gels and visualized by
SYBR gold (Invitrogen). For some IP reactions, RNA was not extracted but rather beads were boiled in
Laemmli buffer, run on SDS-PAGE gels, and western blotted for HUR or PABP using methods previously

described (Jamison, et al., 2008).

4.2.3 Quantification of HUR Protein and hsp70 mRNA in Nuclear
and Cytoplasmic Fractions

4.2.3.1 Hippocampal Subregion Microdissection

Microdissection of dorsal hippocampus CAl and CA3 subregions was according to the method of
Roberts et al®®. Briefly, animals were anesthetized with 5% halothane and quickly decapitated after the
appropriate reperfusion duration. For each animal, whole brain was rapidly removed and snap-frozen in a
dry ice-ethanol bath for 15 seconds. A semi-frozen coronal section was cut from 2.30 to 3.80 mm
posterior to Bregma in a brain blocker. This section, containing the dorsal hippocampus, was further
subdivided on an ice-cooled stage under a dissecting microscope (Figure 9A). A vertical cut was made
slightly medial to CA3 and surrounding cortex was removed to isolate CA3. CA1 was separated from the
dentate gyrus by a horizontal cut through the hippocampal fissure. Corpus callosum and other superior
tissues were separated to isolate CAL. Bilateral sections were rapidly weighed and then stored at -80 °C.
Bilateral wet weight for each subregion averaged 25 mg per rat. Microdissection of CAl and CA3
hippocampal subregions allowed for the comparison of ischemia vulnerable and ischemia resistant
neurons in a global ischemic model. Additionally, these regions consist primarily of hippocampal

pyramidal cell neurons. While interneurons and glia are still present, pyramidal neurons account for the
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majority of the mass of these sections, allowing for study of generally homogenous populations of

cells™.

4.2.3.2 Subcellular Fractionating

Microdissected tissue samples were homogenized at 1:15 (w/v) in a homogenization buffer of
320 mM sucrose, 1 mM MgCl,, 1 mM NaH,PO,, pH 6.6. 2.39, 1 mM DTT, 80 units/mL RNase inhibitor
(Ambion), 0.5% protease inhibitor cocktail (Sigma). Homogenization used a glass Kontes dounce with
150 uM clearance to preserve the nuclear membrane. Nuclei were pelleted by 850 g centrifugation for 10
minutes followed by three washes of the nuclear pellet. Nuclei were then resuspended in 1 mL
homogenization buffer and mixed with 5 mL of nuclear purification buffer (2.39 M sucrose, 1 mM
MgCl,, 1 mM NaH,PO,, 10% (v/v) triton X-100, pH 6.6, 1 mM DTT, 80 units/mL RNase inhibitor, 0.5%
protease inhibitor cocktail). Resuspended nuclei were centrifuged 48,000 g for 1 hour at 4 °C in a
Beckman SW50.1 rotor. Pellet of intact nuclei was washed 3 times in homogenization buffer and then

resuspended at minimal volume in a lysis buffer of 5 mM EDTA, 50 mM tris, pH 7.5, 2% SDS.

4.2.3.3 Western Blotting

Western blotting was performed exactly according to vendor instructions (Amersham). 2 pL
aliquots of each sample were taken in triplicate for Lowry assay to determine protein concentration. All
antibody conditions were identical to previous western blotting used in the DeGracia laboratory*®. Prior
to loading, all protein samples were boiled for 2 minutes in equal volume of 2x Laemmli buffer. SDS-
PAGE gels were 10% total, 0.8% bis acrylamide. Pilot studies determined the total protein from each
subcellular fraction necessary to generate good signal in western blotting, and all western blots compared
only samples from the same subcellular fractions. After SDS-PAGE, proteins were transferred to

nitrocellulose. Gels were silver stained to assess protein loading. Antibody conditions were: mouse anti-
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However, the amount cytoplasmic HuR did not change in response to 1/R injury in any region or fraction,

indicating that HUR does not exit from the nucleus in response to 1/R injury.
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Figure 10: HuR in subcellular fractions. A) Western blot measuring HuR in cytoplasmic fractions from CAlI
of 6 NIC and 6 8hR animals. NIC unfractionated homogenate and nuclear fmctions were loaded as controls.
Similar blots were genel-ated for unfractionated homogenate and nuclear fractions and for the CA3 region. B)
Densitometry for HuR in subcellular fractions. HUR values were normalized to GAPDH for input and
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cytoplasmic fractions or silver staining for nuclear fractions. Each column represents 6 samples; error bars
are standard deviation, two-tailed t-test p>0.05 between NIC and 8hR for all regions and fractions.

4.3.3 8hR CA1l and CA3 have the same Distribution of Nuclear and

Cytoplasmic hsp70 mRNA

Levels of hsp70 mRNA were also assessed in each region and fraction by gPCR (Figure 11).
hsp70 in unfractionated homogenate was increased roughly 26-fold in both regions at 8hR with no
significant differences between CA1 and CA3. In the cytoplasm, hsp70 was increased between 200 and

500-fold at 8hR, values consistent with previous cytoplasmic fractions in the 2VO/HT model®. Again,

there was no significant difference in the amount of hsp70 mRNA between CAL and CA3.
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Figure 11: Real time quantitative PCR for hsp70 in unfractionated homogenate (Unfract. Hom.) and
cytoplasmic fractions of CA1 and CA3. Fold change of hsp70 mRNA from NIC to 8hR in unfractionated
homogenate (left) and cytoplasmic (right) fractions from CA1 and CA3. Both unfractionated homogenate and
cytoplasmic fold change of hsp70 were identical for CA1 and CA3 by two-tailed t-test.
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Calculation of relative differences by 24T assumes that the increase in amplicon per cycle, the
PCR efficiency, is the same for each PCR target. Values for efficiency range from 1 (no efficiency) to 2

(perfect efficiency). Efficiency was quantified using the slope of the log-fold dilutions of each primer

from input fraction of a 8hR animal (Figure 12). Efficiencies were 1.8 for both primer sets within error.
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Figure 12: Example of efficiency experiments for hsp70 and gapdh. Amplification curves show linear changes
in Ct at logarithmic dilutions (left). Dilution of cDNA (logarithmic) versus CT (right) shows efficiencies of
1.81 (SD 0.08) for hsp70 and 1.79 (SD 0.07) for gapdh.

These studies show that there is no significant difference in the nuclear export of either HUR

protein or hsp70 mMRNA between CAL and CA3 neurons at 8hR after 10 minutes of global brain ischemia.
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Chapter 5 — HuR Interactions with the Polysome

5.1 Introduction

The work described in Chapter 4 shows that HuR interacts specifically with hsp70 mRNA in
reperfused neurons, but does not export hsp70 mRNA out of the nucleus. A second mechanism by which
HuR could regulate hsp70 is by directly enhancing translation through association with elF4A’. Polysome
profiles present a method to assess whether HUR increases its association with polysomes during
reperfusion. Eight hours reperfusion was again selected as the time point for these studies because rats are

known to be actively translating hsp70 mRNA into protein in CA3 and throughout the cortex at 8hR.

5.1.1 Hypothesis

HUR association with polysomes increases during reperfusion after brain ischemia.

5.2 Methods

5.2.1 Experimental Groups

Animal model was identical to previous chapter. Experimental groups were NIC, n=4 and 8hR,

n=4. All tissue was homogenized as whole cortex.

5.2.2 Tissue Processing

Whole cortex from either 8hR animals expressing HSP70 or NICs was homogenized at 1:2 (w/v)
in a 7-mL dounce homogenizer in cold lysis buffer (340 mM sucrose, 50 mM tris pH 7.4, 25 mM NacCl, 5
mM MgCl,, 100 pg/mL CHX, 5.2 pL/mL protease inhibitor cocktail, 1 mM DTT, 80 U/mL RNase
inhibitor, 1% (v/v) Triton X-100). Methods to control RNase activity were as described in Chapter 4,

section 4.2.2.
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After 20 strokes with the dounce homogenizer, homogenates were centrifuged 1000 g for ten
minutes at 4 °C to pellet nuclei and membranes. Supernatants were then centrifuged 10,000 g for 30

minutes at 4 °C to generate a post-mitochondrial supernatant (PMS).

5.2.3 Polysome Profiles

| 119

Polysome profiles were generated based on the methods of MacManus, et al.” and DeGracia, et

al®'. Gradient and homogenate preparation and polysome profile centrifugation were performed on ice or
at 4 °C. Sucrose gradients were prepared by layering sucrose concentrations of 15%, 20%, 25%, 30%,
35%, 40%, and 45% (w/v) sucrose dissolved in gradient buffer (50 mM tris pH 7.4, 25 mM NaCl, 5 mM
MgCl,, 100 pg/mL CHX, 5.2 uL/mL protease inhibitor cocktail, 1 mM DTT, 80 U/mL RNase inhibitor)
and allowing layers to equilibrate overnight.

Spectrophotometry of PMS was taken at 254 nm and 75 Aus, units were layered on top of each
11.5-mL sucrose gradient. Sucrose gradient was centrifuged at 240,000 g (37500 rpm) for three hours in a
Beckman SW41Ti swinging bucket rotor at 4 °C.

After centrifugation, each gradient was placed in a Beckman fraction recovery stand and tube
bottom was pierced. 66% (w/w) sucrose was pumped via peristaltic pump at 1-mL per minute into the
bottom of the tube to displace the gradient. Eluent was run through a spectrophotometer photocell
measuring A4 and then into a fraction collector. Gradients were fractionated into 15 equal volumes of
800 pL and absorbance at 254 nm was continuously recorded with a strip chart recorder advancing at 0.5
mm per second.

For graded input controls, 25, 50, or 75 Ass, units of NIC cortex were loaded onto gradients
identical to above. For CHX control, tissue was homogenized in the presence of 15 mM EDTA. Gradient

buffer also had 15 mM EDTA and did not have Mg*".
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5.2.4 Western Blotting

To study protein concentrations of proteins in each fraction of the polysome profile, whole
fractions were concentrated by ultrafiltration with a 3 kDa cutoff device (Amicon) and all protein from
each fraction was loaded onto one lane of an SDS-PAGE gel. Western blotting and HuR antibody
conditions were as described in Chapter 4. Other antibody conditions were: mouse anti-S6 2317S (Cell
Signaling) 1:250 in 5% dry milk incubated overnight at 4 °C, rabbit anti-PABP 21060 (Abcam) 1:500
without blocking incubated overnight at 4 °C, rabbit anit-L7a 2403 (Cell Signaling) 1:1000 in 5% dry
milk incubated overnight at 4 °C.

For densitometry, raw band densities for each fraction were scaled by average density across the
gradient. Scaling allowed comparison of values across gradients. For each fraction, relative density of

HuR was compared between NIC and 8hR groups by two tailed t-test with a significance of p<0.05.

5.3 Results

5.3.1 Polysome Profile Controls

Traces of Ay, along the density gradient had similar forms between NIC and 8hR groups (Figure
13). 8hR animals showed peaks similar in height and area to NICs. To detect polysome-containing
fractions, all fractions were western blotted for polysome-associated markers (Figure 13). Small
ribosomal subunit protein S6 and large ribosomal subunit protein L7a both concentrated in fractions 8-11.

PABP concentrated at the low-density end of the gradient, consistent with previous studies®**®,



