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Abstract
Microarray analysis has been used to understand how gene regulation plays a critical role in
neuronal injury, survival and repair following ischemic stroke. To identify the transcriptional
regulatory elements responsible for ischemia-induced gene expression, we examined gene
expression profiles of rat brains following focal ischemia and performed computational analysis of
consensus transcription factor binding sites (TFBS) in the genes of the dataset. In this study, rats
were sacrificed 24 h after middle cerebral artery occlusion (MCAO) stroke and gene transcription
in brain tissues following ischemia/reperfusion was examined using Affymetrix GeneChip
technology. The CONserved transcription FACtor binding site (CONFAC) software package was
used to identify over-represented TFBS in the upstream promoter regions of ischemia-induced
genes compared to control datasets. CONFAC identified 12 TFBS that were statistically over-
represented from our dataset of ischemia-induced genes, including three members of the Ets-1
family of transcription factors (TFs). Microarray results showed that mRNA for Ets-1 was
increased following tMCAO but not pMCAO. Immunohistochemical analysis of Ets-1 protein in
rat brains following MCAO showed that Ets-1 was highly expressed in neurons in the brain of
sham control animals. Ets-1 protein expression was virtually abolished in injured neurons of the
ischemic brain but was unchanged in peri-infarct brain areas. These data indicate that TFs,
including Ets-1, may influence neuronal injury following ischemia. These findings could provide
important insights into the mechanisms that lead to brain injury and could provide avenues for the
development of novel therapies.
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1. Introduction
Ischemic stroke occurs when the blood supply to the brain is obstructed. The neuronal death
that ensues results from the induction of genes associated with a number of cellular
functions including apoptosis, inflammation and oxidative stress. Currently tissue
plasminogen activator (t-PA) is the only approved treatment for ischemic stroke.
Unfortunately, t-PA has a limited time window for therapeutic use, and only 3–5% of stroke
patients arriving at the hospital will qualify for treatment (Fisher et al., 2009). Thus, there is
a strong need to understand the molecular mechanisms associated with ischemic stroke so
that more effective modes of treatment can be investigated.

It is well established that the transcription of new genes plays a major role in the delayed
neuronal injury that occurs in the ischemic penumbra following stroke. A number of
laboratories, including ours, have used high throughput microarray analysis to understand
how the genome transcriptionally responds to ischemic challenge (Lu et al., 2003; Kury et
al., 2004; Xu et al., 2005; Ford et al., 2006; Sarabi et al., 2008; Ridder et al., 2009;
Vangilder et al., 2012). Previously, we published microarray studies demonstrating that
distinct patterns of gene expression were seen in tissues from rat and non-human primate
middle cerebral artery occlusion (MCAO) ischemic stroke models (Xu et al., 2005; Ford et
al., 2006; Rodriguez-Mercado et al., 2012). Our microarray analysis indicated that many
classes of genes were activated following ischemia, but inflammation and cell death were
primary gene categories that appear to be associated with ischemic stroke models.

Genes can be regulated by transcription factors (TFs) that bind to regulatory elements in
their promoters to induce or suppress gene expression. The analysis of transcriptional
regulators can be useful to understand how large sets of genes can be controlled by a small
set of upstream signaling molecules. In this study, we performed a computational analysis to
predict the transcriptional regulators of genes induced ischemia/reperfusion using the
CONserved transcription FACtor binding site finder (CONFAC) program (Karanam and
Moreno, 2004). CONFAC identifies transcription factor binding sites within conserved
promoters from a subset of genes. In addition, CONFAC enables the comparison of baseline
gene expression from non-treated samples with gene expression that occurs following a
given treatment. Our data predicted multiple transcription factors that could be important in
mechanisms that regulate ischemia/reperfusion-induced genes. In addition, our data
identified a potential novel role for the Ets-1 family of TFs following ischemia.

2. Results
2.1 Microarray and CONFAC Analysis

We examined gene expression profiles of animals subjected to permanent MCAO (pMCAO)
and transient MCAO (tMCAO; ischemia reperfusion) and sham controls using Affymetrix
rat genome U34 microarray genechips containing ~9,000 probe sets (known genes and
ESTs). We performed TTC labeling of brain sections to measure neuronal injury that
occurred in our MCAO stroke models. Representative TTC staining figures reveal large
infarct regions following both pMCAO (Figure 1A) and tMCAO (Figure 1B). Infarcts seen
following pMCAO are typically larger than in animals subjected to tMCAO, as we
previously showed (Ford et al., 2006; Li et al., 2007). We examined genes that were induced
by 2-fold or more only following tMCAO, but not in the pMCAO model when compared to
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sham controls. We used this dataset to further examine the transcriptional regulation of
genes induced by tMCAO. The Affymetrix microarray results showed that there were 233
genes increased 2-fold or more following tMCAO compared to sham control animals that
were not increased 2-fold or more following pMCAO. The CONFAC program discriminated
105 of the 233 genes that were annotated and contained at least one TFBS in the promoter
that could be used for further TFBS analysis. Computational analysis of our microarray data
using CONFAC produced lists of TFBS that were over-represented based on three separate
random control datasets. A Mann-Whitney U-test was used to indicate TFBS that were
statistically over-represented. We selected TFBS that were over-represented in two of the
three analyses and showed that 12 TFBS were over-represented in tMCAO induced genes
compared to a random set of genes (Table 1). AP1 showed the highest total number of TFBS
in the dataset while IK1 was the most significantly over-represented. The over-represented
TFBS included several previously associated with ischemia including AP1, C/EBP delta,
FOXO4 and NFκB (Schneider et al., 1999; Hillion et al., 2006; Kapadia et al., 2006; Ridder
and Schwaninger, 2009). Other TFBS were identified that bind TFs not previously
associated with ischemia, such as GATA, OCT-1 and ETS-1. Ets-1 family member TFBS
were represented three times in the analysis as ETS1, cETS1-68 and cETS1-P54 (Figure 2).

2.2 Ets-1 regulated genes induced following tMCAO
After the identification of Ets-1 as a novel, potential regulator of ischemia-induced gene
expression, we determined the genes in our dataset with Ets-1 binding sites in their
promoters (Table 2). The gene with the most Ets-1 promoter binding sites was guanine
nucleotide binding protein (G protein alpha z polypeptide; GNAZ; 10 TFBS). The promoters
of Inhibitor of DNA binding (ID3) and LIM domain kinase 2 (LIMK2) both contain 5 Ets-1
promoter binding sites. Many of the genes with Ets-1 promoter binding sites were associated
with inflammation including interleukin-1 beta (IL1B), matrix metallopeptidase-9 (MMP9),
signal transducer and activator of transcription 3 (STAT3), transforming growth factor, beta
1 (TGFB1), TIMP metallopeptidase inhibitor 1 (TIMP1), complement factor B (BF) and an
FC receptor (FCGR2B) (Iadecola and Anrather, 2011).

2.3 Ets-1 expression following tMCAO
We examined the microarray dataset to determine whether Ets-1 mRNA changed in
response to MCAO (Figure 3). Ets-1 mRNA was determined to be absent in all three control
brain samples based on Affymetrix detection calls at the 24 h time point examined. Ets-1
was present or marginal in all three tMCAO samples and increased 2-fold following tMCAO
based on signal intensity. Ets-1 detection calls were extremely variable following pMCAO
(one each absent, marginal and present) and the signal intensity was close to control values.

To validate the microarray results, we investigated the expression of Ets-1 protein in rat
brains following tMCAO by immunohistochemistry (Figure 4). Figure 4A is a TTC labeled
brain slice and the inset box indicates the infarct border where we examined Ets-1
immunolabeling. Ets-1 immunolabeling was uniformly present in non-ischemic brain
regions (Figure 4B; indicated by #) and the contralateral side of the brain (not shown). The
expression of Ets-1 decreased in the ischemic cortex following tMCAO (Figure 4B;
indicated by asterisks) as shown in the representative photomicrograph taken at the infarct
border. To determine the expression of Ets-1 in injured neurons, we double labeled brain
tissues for FJB and Ets-1. Numerous FJB-positive cells were seen in the ischemic area
(Figure 4C; indicated by asterisks) but not in the non-ischemic, peri-infarct area (Figure 4C;
indicated by #). The expression of Ets-1 was dramatically reduced in the area containing
FJB-positive cells while expression remained constant in the peri-infarct area (Figure 4D).
Ets-1 labeling co-localized with NeuN immunostaining indicating that the TF was primarily
expressed in neurons (Figure 5). To quantify the levels of Ets-1 protein, we counted the
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number of Ets-1-positive cells in the peri-infarct area, comparable areas in the contralateral
side of the brain and sham controls. While the number of Ets-1-positive cells dramatically
decreased on the infarct, the numbers of Ets-1 labeled cells was similar in other brain areas
measured (not shown).

3. Discussion
The goal of this study was to examine microarray data to computationally predict
transcriptional regulators of ischemia-induced genes. We previously showed that hundreds
of genes were induced in rat brain following both transient and permanent MCAO (Xu et al.,
2005; Ford et al., 2006). We used CONFAC bioinformatics software, to predict conserved
TFBS over-represented within a population of genes that were uniquely up-regulated in our
tMCAO focal stroke model. The CONFAC analysis utilizes the assumptions that (1) a set of
genes are regulated by common transcription factors, (2) the more tightly clustered a gene
list is, the more likely the genes will be regulated by a common transcription factor, (3) the
regulatory human orthologs will be regulated similarly in transcription and (4) the binding
sequence is 3 KB upstream of the start site and the first intron (Karanam and Moreno, 2004).
From our analysis, 12 TFBS were identified as being over-represented in the promoters of
ischemia-induced genes compared to control gene datasets. A number of TFBS previously
associated with ischemia and stroke were shown to be over-represented, including AP1, C/
EBP, FOXO4 and NFκB (Schneider et al., 1999; Hillion et al., 2006; Kapadia et al., 2006;
Ridder and Schwaninger, 2009). AP1 showed the highest total number of TFBS in the
dataset. Studies have shown that the induction and activation of immediate early
transcription factors c-fos and c-jun, which bind the AP1 TFBS, regulate the expression of
late effector genes following stroke (Salminen et al., 1995). NFκB has a well-described role
in promoting neuronal injury cerebral ischemia (Ridder and Schwaninger, 2009). NFκB is
activated in the brain following focal ischemia and NFκB knockout mice show reduced
ischemia-induced neuronal damage compared to wild-type mice. C/EBP beta was similarly
identified in silico as a TF potentially involved in neuronal injury following permanent
MCAO (Ridder et al., 2009). C/EBP beta knockout mice displayed significantly smaller
infarcts, reduced neurological deficits, decreased TUNEL labeling-positive cells and a
reduced inflammatory response compared with their wild-type littermates (Kapadia et al.,
2006). FOXO4 was shown to be phosphorylated after ischemia leading to its inactivation in
vitro using oxygen-glucose deprivation with PC12 cells (Hillion et al., 2006). The study
findings suggested that activation of FOXO4 leads to neuronal death following ischemia,
which is blocked by pro-apoptotic factors such as Akt and ischemic preconditioning.

Other TFBS were identified that bind TFs not previously associated with ischemia, such as
IK1, GATA, OCT-1 and ETS-1. Although AP1 showed the highest number of TFBS, the
Ets-1 family members were present in multiple instances within the dataset as ETS-1,
cETS1-68 and cETS1-P54. The Ets-1 family of transcription factors was first identified on
the basis of the region of primary sequence homology with protein products from v-ets
oncology encoded by E26 avian erythroblast virus (Karim et al., 1990). The Ets-1 family of
proteins can act as activators or repressors of transcription and the functional roles of the
Ets-1 family have been described in cell proliferation, activation and development (Dittmer,
2003; Oettgen, 2006; Russell and Garrett-Sinha, 2010; Hollenhorst et al., 2011). An
essential role for Ets-1 has been identified as Ets-1 knock out animals are embryonic lethal
and Ets-1 disruption can lead to immune cell defects such as T cell apoptosis and reduced B
cell differentiation (Bories et al., 1995; Muthusamy et al., 1995). Ets-1 has been implicated
in the regulation of chemokines associated with the immune response and in caspase-3
associated apoptosis (Liu et al., 2002; Oettgen, 2006; Russell and Garrett-Sinha, 2010).
Ets-1 is also involved in angiogenesis as evidenced by its ability to mediate
neovasularization following retinal ischemia and to increase capillary density and blood
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flow after hind limb ischemia (Hashiya et al., 2004; Watanabe et al., 2004). Ets-1 binds with
low affinity to DNA and utilizes transcriptional partners to bind to DNA (Crepieux et al.,
1994). Interestingly, AP1 is a known interacting partner with Ets-1 transcriptional activity,
thus further supporting the notion that transcriptional activity associated with Ets-1 family
members is involved in cerebral ischemia (Dittmer, 2003).

CONFAC analysis identified genes in the dataset that contained Ets-1 binding sites and
many of these genes have known roles in stroke and inflammation. These included
interleukin-1 beta (IL1B), matrix metallopeptidase-9 (MMP9) and signal transducer and
activator of transcription 3 (STAT3), transforming growth factor, beta 1 (TGFB1), TIMP
metallopeptidase inhibitor 1 (TIMP1), complement factor B (BF) and an FC receptor
(FCGR2B) (Iadecola and Anrather, 2011). Ets-1 binding sites were also found in the
promoter of aquaporin 1 (AQP1), a water channel shown to contribute to neuronal death
following ischemic stroke (Kim et al., 2010). Whether Ets-1 induced or suppressed the
genes in the dataset is currently under investigation. To gain insight to the function of Ets-1
in ischemia we examined protein expression of the TF following tMCAO. Ets-1 protein was
present in neurons of sham control animals but was dramatically downregulated in the
infarct regions of the brain after ischemia. While Ets-1 levels in neurons of the peri-infarct
brain areas were comparable to controls, Ets-1 does not co-localize with FJB positive cells
in the infarct. While we examined the effect of MCAO on Ets-1 mRNA and protein levels,
we should point out that a key feature of CONFAC is to predict whether the activity of
specific transcriptional regulators is changed in an experimental condition. It is not
necessary that the levels of the TF are altered for it to induce or repress gene expression.

Taken together, these findings could suggest that Ets-1 is required for normal neuronal gene
induction or suppression and its absence leads to inflammation and neuronal death. In
support of this hypothesis, Ets-1 family member Elk-3 has been shown to suppress nitric
oxide synthetase-2 (NOS2; iNOS) and heme oxygenase-1 (HO-1) expression under non-
inflammatory conditions (Chen et al., 2003; Chung et al., 2006). In response to endotoxin,
Elk-3 mRNA levels are quickly reduced resulting in the upregulation of HO-1 and NOS2.
Alternatively, increased activation of Ets-1 could lead to inflammation and neuronal death.
Increased Ets-1 expression following ischemia could induce a shift to a more pro-
inflammatory/Th1 type response leading to neuronal death. In support of the alternative
hypothesis, Ets-1 acts as coregulator along with the Th1 TF T-bet to stimulate interferon
gamma production (Barton et al., 1998). In addition, T cells from Ets-1 deficient mice
display decreased production of the Th1 cytokine interferon gamma while the levels of the
anti-inflammatory cytokine IL-10 increased. The effects of Ets-1 after ischemia likely
depend on the activity of co-regulatory factors. For example, cooperative activity of Ets-1
and AP-1 TFs activate the TNFα promoter while Ets-1, AP-1 and GATA-3 cooperatively
activate the inhibitory transcription factor interleukin-5 (Kramer et al., 1995; Wang et al.,
2006; Russell and Garrett-Sinha, 2010).

The results of this study support the premise that CONFAC can be used as a screening tool
for transcriptional regulators associated with ischemia or other neurological conditions. A
limitation of this study was the analysis of a single time point following ischemia to identify
transcriptional regulators associated with stroke, however studies are underway to
incorporate additional time points and provide a more precise view for the role of Ets-1 and
other TFs following ischemic brain injury. Future studies will examine the specific roles for
Ets-1 in ischemia using Ets-1 knockout mice and in vitro regulation of Ets-1 levels in
neuronal cells. Understanding the role Ets-1 and transcriptional regulation in ischemic
neuronal injury may reveal new molecular targets and strategies for developing treatment
strategies for stroke.
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4. Experimental Procedures
4.1 The MCAO Stroke Model

All animals used in these studies were treated humanely and with regard for alleviation of
suffering and pain and all protocols involving animals were approved by the IACUC of
Morehouse School of Medicine prior to the initiation of experimentation. Adult male
Sprague-Dawley rats (250–300g; Charles River, Wilmington, MA, USA) were housed
individually in standard plastic cages in a temperature-controlled room (22 ± 2°C) on a 12 h
reverse light-dark cycle. Food and water were provided ad libitum. Animals were subjected
to transient (tMCAO) or permanent (pMCAO) middle cerebral artery occlusion as
previously described (Ford et al., 2006). Briefly, a 4 cm length 4-0 surgical monofilament
nylon suture coated with silicon was inserted from the ECA into the ICA and then into the
Circle of Willis to occlude the origin of the left middle cerebral artery (MCA). After 1.5 h of
ischemia, the nylon suture was withdrawn and the ischemic brain was reperfused for
tMCAO. Regional cerebral blood flow (CBF) was measured by continuous laser Doppler
flowmetry with a laser doppler probe placed 7mm lateral and 2mm posterior to bregma in a
thinned cranial skull window from the beginning of the tMCAO surgery until 15 min after
reperfusion. For the pMCAO model, the suture remained in place to block the MCA for the
entire 24 h duration. The rats were sacrificed 24h post-MCAO and the brains were removed
for RNA isolation or histology.

4.2 RNA Preparation and GeneChip Microarray Analysis
Microarray analysis was performed as previously described (Ford et al., 2006). Animals
were sacrificed 24 h after MCAO and the brains were removed and sliced into 2 mm coronal
sections (approximately +3.0 to −5.0 from bregma) using a brain matrix. The ipsilateral
tissues from the two middle slices (+1 to −3 from bregma) of tMCAO subjected animals
(n=3) or sham controls (n=3) were used for subsequent RNA isolation while the outer two
slices were used to confirm infarct formation by staining with 2,3,5-triphenyltetrazolium
chloride (TTC). Total RNA was extracted with TRIzol Reagent (Life Technologies,
Rockville, MD, USA), cleaned (RNAqueous Kit, Ambion, Austin, TX, USA) and converted
to double-stranded cDNA (Invitrogen, Superscript Choice System, Carlsbad CA, USA)
using a T7-(dT)24 primer. Cleanup of double-stranded cDNA used Phase Lock Gels
(Eppendorf, Westbury, NY, USA)-Phenol/Chloroform/Isoamyl Alcohol (Sigma, St. Louis,
MO, USA). cRNA was synthesized using a RNA transcript labeling kit (Enzo Diagnostics,
Farmingdale, NY, USA). Biotin labeled cRNA was cleaned up using a GeneChip Sample
Cleanup Module (Affymetrix Inc., Santa Clara, CA, USA) and then quantified using a
spectrophotometer. Twenty micrograms of the in vitro transcription product was fragmented
by placing at 94°C for 35 min in fragmentation buffer. Following fragmentation, 15 µg of
the biotinylated cRNA was hybridized to either an Affymetrix Rat Genome U34A
GeneChip. The chips were hybridized at 45°C for 16 h, and then washed, stained with
streptavidin–phycoerythrin and scanned according to manufacturing guidelines.

4.3 Microarray Data Analysis
We used this dataset to further examine the transcriptional regulation of genes induced by
tMCAO. Data analysis was performed using Affymetrix Expression Console software
(Santa Clara, CA) that supports probe set summarization and CHP file generation of 3’
expression using the MAS5 Statistical algorithm. Affymetrix microarrays contain the
hybridization, labeling and housekeeping controls that help determine the success of the
hybridizations. Affymetrix Expression Console software analyzed Raw DAT files and
generated CEL files. CEL files were analyzed using the Affymetrix MAS5 program. The
Affymetrix Expression Analysis algorithm uses the Tukey’s biweight estimator to provide a
robust mean signal value for the target-specific intensity differences of the probe pair
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(perfect match (PM) – mismatch (MM)) relative to its overall hybridization intensity (PM
+MM). The MAS5 algorithm output files represented the difference in intensities between
the perfect match (PM) and mismatched (MM) probe sets and used the Wilcoxon’s rank test
to calculate a significance or p-value and Detection call for each probe set. The Detection
call p-values are represented as present (P), p<0.05; marginal (M), p>0.05 and p<0.06; or
absent (A), p>0.06.

The data set produced by the Affymetrix MAS5 software contains gene identifiers and
corresponding expression values. Data were exported to Microsoft Excel and analyzed for
calculation of fold change and whether the genes were confirmed as present in the tissue
samples (as determined by the Affymetrix software). Gene Pattern software (http://
genepattern.broadinstitute.org/ gp/pages/login.jsf; Broad Institute, MIT) was used to
calculate the False Discovery Rate (FDR) and genes that fell within the 95% confidence
interval were included in the CONFAC analysis. Three chips were used for each
experimental group: sham, pMCAO and tMCAO. Genes in the injured brain that increased
in expression by 2-fold or more compared to control and were present in all three tMCAO or
pMCAO samples were identified and further analyzed.

4.4 CONFAC Analysis
Using CONFAC, we examined genes that were induced by 2-fold or more only following
tMCAO, but not in the pMCAO model when compared to sham control. There were 1577
genes that exhibited a 2-fold or greater increase in mRNA expression following tMCAO and
not after pMCAO. Putative transcriptional regulators and genes with associated transcription
factor binding sites (TFBS) were identified using the CONserved transcription FACtor
(CONFAC) binding site finder program (Karanam and Moreno, 2004). Gene accessions
were loaded into the CONFAC program and ENSEMBL was used to convert the rat genes
sequences to mouse orthologs. We also used the RESOURCERER program (Tsai et al.,
2001) to identify human orthologs. The programs produced similar results following
CONFAC analysis. The CONFAC program compared our gene list to a random set of
default genes and performed a statistical analysis using a Mann-Whitney test to identify
significantly over-represented TFBS. Over-representation describes a class of TFBS that
appear more often in a list of interest than would normally be predicted by their distribution
among all TFBS assayed. Significantly over-represented transcription factors and genes with
TFBS and were identified by using a p-value (p<0.05).

4.5 Histology and Immunocytochemistry
At 24 h post injury, rats were deeply anesthetized with 5% isoflurane and perfused
transcardially with saline followed by cold 4% PFA (paraformaldehyde) solution in PBS for
30 min (n=3 animals/group). Brains were quickly removed and cryoprotected in 30%
sucrose. The brains were then frozen in OCT compound and stored at −80°C until
sectioning. Coronal sections of 20 µm thickness were cryosectioned and mounted on slides
which were then stored at −80°C until further processed. Immunocytochemical localization
of Ets-1 was determined using a mouse monoclonal antibody (1:200; Millipore, Billerica,
MA, USAand a donkey anti-mouse IgG-Cy3 secondary antibody (1:400, Jackson
ImmunoResearch Laboratories, Inc., PA, USA). For double labeling, sections were first
incubated with a mouse anti-neuN Alexa Fluor 488 conjugated monoclonal antibody (1:200,
Millpore) overnight at 4°C, After the sections were washed, they were then incubated in
normal mouse serum (5% in PBS) for 6 hours at 4°C. The purpose is to block the open
binding sites on the labeled secondary antibody. And then the staining of anti-Ets-1 antibody
was performed. For Ets-1 and FJB (Chemicon International, Temecula, CA, USA) double
labeling, Ets-1 immunostaining was performed first and then sections were incubated with
0.0015% potassium permanganate for 1 min, washed with distilled water for 2 min and
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treated with 0.0001% FJB in 0.1% acetic acid for 10 min. Sections were then washed and
coverslipped in glycerol/0.3% acetic acid mounting medium. A Zeiss microscope equipped
with CCD camera (Carl Zeiss Microimaging Inc, Thornwood, NY) was used to capture all
digital images of sections at the same level across rat brains (as determined using a brain
atlas) at 200X magnification.

4.6 Quantification of Ets-1 immunopositive cells
Two sections obtained from coronal sectioning of the brain of each rat (n = 3) were labeled
with Ets-1. A Zeiss microscope equipped with CCD camera (Carl Zeiss Microimaging Inc,
Thornwood, NY) was used to capture digital images of the sections at the same level (as
determined using a brain atlas) at 200X magnification. The number of Ets-1-positive cells
was determined using Image Pro Plus software (Media Cybernetics, Inc., Bethesda, MD) by
an individual who was blinded to the experimental treatments. Only profiles of neuronal
somas were counted and Ets-1 -positive fragments were excluded. A mean value of Ets-1-
positive cells per unit area within the brain regions was obtained for each individual rat.
Data were expressed as mean ± SEM. These mean values from each individual rat were used
as the statistical unit of measure for analysis by one-way ANOVA to determine statistically
significant treatment effects.
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Highlights

1. Microarray analysis showed gene induced in brain by ischemia

2. CONFAC identified over-represented transcription factor binding sites

3. TFBS for three Ets-1 family members were over-represented in ischemia dataset

4. Ets-1 levels are regulated by ischemia
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Figure 1. Brain injury associated with tMCAO model
Representative triphenyltetrazolium chloride (TTC) staining of normal (dark areas) and
ischemia-injured brain regions (white, indicate infarct) following pMCAO (A) and tMCAO
(B).
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Figure 2. Predicted Transcription Factor Binding Site Activity of Gene Promoters Following
tMCAO
A prediction of transcription factor binding site (TFBS) activity for gene promoters were
identified using CONFAC. These TFBS significantly over-represented were IK1, ETS
family members (ETS1, CETS168 and CETS1P54), AP1, GATA1, FOXO4, MYOD, IK1,
CEBPDELTA, NFKB, OCT1 and RFX1. The graph indicates the number of TFBS in
control and tMCAO datasets for each TF listed. Asterisks indicate ETS-1 family members.
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Figure 3. Ets-1 mRNA following tMCAO
Ets-1 mRNA levels in sham controls and animals following tMCAO and pMCAO was
determined by microarray. Relative Ets-1 mRNA levels from the microarray analysis are
shown in the graph. In the comparison between ets-1 expression between sham and MCAO
animals, ets-1 was statistically absent in all three sham samples and statistically present or
marginal in all stroke samples (indicated by #). However, due to the small sample size,
statistical significance was not achieved when comparing the absolute signal values of all
sham samples to that of all the controls (p=0.11).
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Figure 4. Double-labeling Ets-1 with Fluoro-JadeB
Figure 4A is a TTC labeled brain slice and the inset box indicates the infarct border where
we examined Ets-1 immunolabeling. (B) Ets-1 expression (red) in the non-ischemic brain
regions (indicated by #) but is reduced in ischemic the cortex (indicated by asterisks). (C)
Fluoro jade B (FJB) positive cells (green) are associated with the region of injury following
tMCAO. (D) Double-labeled image shows that Ets-1 positive cells demonstrate lack of co-
localization with FJB in the ischemia brain cortex. Scale bar is 100 µm.
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Figure 5. Double-labeling Ets-1 with NeuN
Ets-1 expression (A; red) and NeuN labeling (B; green) show co-localization (C; yellow) in
rat brain. Scale bar is 50 µm.
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Table 1
Predicted Transcription Factor Binding Site Activity of Genes Following tMCAO

A prediction of transcription factor binding site activity for 105 genes was identified using CONFAC.
Displayed are the number of genes analyzed, the number of binding sites, the number of genes with binding
sites, the percentage of genes with site and the respective p value. A Mann-Whitney test, of predicted
transcription factor binding sites (TFBS) revealed TFBS which are significantly associated with tMCAO when
compared to a random set of control genes. These TFBS were identified as ETS family members (ETS1,
CETS168 and CETS1P54), AP1, GATA FOXO4, MYOD, IK1, CEBPDELTA, NFKB, OCT1 and RFX1. All
p-values are represented as (p<0.05).

Transcription Factor # Sites # Genes w/Site(s) % Genes w/Site(s) P-value

IK1 155.00 62.00 59.05 0.00018

ETS1 125.00 60.00 57.14 0.00056

AP1 502.00 81.00 77.14 0.00080

GATA 97.00 53.00 50.48 0.00095

FOXO4 145.00 58.00 55.24 0.00127

MYOD 199.00 46.00 43.81 0.00140

CETS168 110.00 58.00 55.24 0.00152

CEBPDELTA 117.00 53.00 50.48 0.00234

NFKB 53.00 23.00 21.90 0.00384

CETS1P54 203.00 77.00 73.33 0.00605

OCT1 125.00 45.00 42.86 0.01968

RFX1 174.00 63.00 60.00 0.02627
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Table 2

Genes exhibiting a 2-fold or greater increase following tMCAO, which contain ETS-1 transcription factor
binding sites (TFBS).

Gene Name
Gene
Symbol # of ETS-1 TFBS

Aquaporin 1 AQP1 2

Complement factor B BF 3

Ciliary neurotrophic factor receptor CNTF 2

Doublecortin-like kinase 1 DCAMKL1 3

Fc receptor, IgG, low affinity IIb FCGR2B 2

Guanine nucleotide binding protein (G protein), alpha inhibiting activity polypeptide 2 GNAI2 10

Guanine nucleotide binding protein (G protein), alpha z polypeptide GNAZ 5

Inhibitor of DNA binding 3 ID3 3

Interleukin 1 beta IL1B 1

Jun B proto-oncogene JUNB 4

Matrix metallopeptidase 9 MMP9 2

Signal transducer and activator of transcription 3 STAT3 3

Transforming growth factor, beta 1 TGFB1 4

TIMP metallopeptidase inhibitor 1 TIMP1 4

Thioredoxin reductase 1 TXNRD1 1

Upstream transcription factor 1 USF1 1

Potassium channel, subfamily K, member 3 KCNK3 4

LIM domain kinase 2 LIMK2 5

SMAD family member 1 MADH1 2

Neuroblastoma, suppression of tumorigenicity 1 NBL1 4

Nth (endonuclease III)-like 1 (E.coli) NTHL1 2

Phospholipase C, delta 1 PLCD1 2

Syndecan 1 SDC1 2

Syndecan 4 SDC4 2
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