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INTRODUCTION: Narrative that briefly (one paragraph) describes the subject,
purpose and scope of the research.

In this project we plan to identify and provide preliminary validation of novel targets (eicosanoid signaling,
dysfunctional PI3-kinase/Akt/mTOR/insulin and RXR/PPAR pathway) for the TBI-AD interrelationship
discovered through our molecular level profiling. The goal here is target validation and provision of these
therapeutic targets for future studies in drug discovery and preclinical efficacy; i.e. IND enabling studies of
new therapeutic approaches to the AD sequelae of TBI.

1. KEYWORDS: Provide a brief list of keywords (limit to 20 words).

AD, TBI, Pathology, Animal Models, Novel Therapeutic Targets

2. ACCOMPLISHMENTS: The Pl is reminded that the recipient organization is required to obtain
prior written approval from the awarding agency grants official whenever there are significant
changes in the project or its direction.

What were the major goals of the project?

List the major goals of the project as stated in the approved SOW. If the application listed
milestones/target dates for important activities or phases of the project, identify these dates and show
actual completion dates or the percentage of completion.

Objective/Hypothesis: Molecular pathways that are triggered in response to both TBI sequelae and
AD pathogenesis represent novel molecular targets to mitigate the AD-neurodegenerative sequelae
of TBI. From our interrogation of omic datasets of AD pathogenesis and TBI sequelae we have
identified coincident lipid disturbances and related pathways which are potential targets for
therapeutic intervention. Therefore we propose to first: Aim 1: Evaluate target engagement and
efficacy in recovering normal molecular profiles in TBI mice using compounds that modulate the
TBI and AD coincident molecular changes in a short-term treatment paradigm. Aim 2: In vivo
validation of therapeutic targets in mice with TBI using chronic intervention with the top two
performing compounds for two different targets from Aim 1 to evaluate the long term
neurobehavioral, neuropathological and biochemical consequences.

Major Task 1: Validation of potential targets for therapeutic intervention in the pathogenic TBI-
AD interrelationship - eicosanoid signaling, P13-kinase/Akt/PTEN/mTOR/insulin signaling and
RXR/PPAR pathway. [100% Complete]

Subtask 1: Obtaining ACURO approval (Roskamp Institute approval for TBI procedures is already
in place, and will be amended to include the treatment paradigms). Subtask 2: Evaluation of
bioactive lipids and downstream signaling in stored TBI and AD mouse model samples to identify
targets from Leukotriene and Sphingomyelin signaling. Subtask 3: Administration of r-mTBI or r-
sham injury to 180-220 male hTau mice (C57BL/6 humanized tau transgenics) at 2-3 months of
age. Subtask 4: Administration of therapeutic compounds to mice for 2 weeks immediately prior to
3 month timepoint post TBI/sham. Subtask 5: Euthanasia of hTau mice at 3 months post-
TBI/sham, followed by brain omic and antibody based analyses. Subtask 6: Validation of



identified targets in human TBI brains with history of repetitive concussions. Subtask 7:
Evaluation and selection of therapeutics for each target for use in Task 2.

Task One Deliverable: Acute study validation of 6 coincident TBI and AD molecular targets and
verification of up to eleven compounds as engaging those targets in vivo. In task one, up to 110
hTau mice will receive the r-mTBI procedure, and up to 110 hTau mice will receive the r-sham
procedure.

Major Task 2: Chronic evaluation of the efficacy of two potential therapeutics against the
pathogenic TBI-AD interrelationship. [100% Complete]

Milestone Two: Chronic evaluation of the efficacy of three potential therapeutics against the
pathogenic TBI-AD interrelationship.

Subtask 1: Administration of r-mTBI or r-sham injury to 180 male mice at 2-3 months of age (60
mice per group). Subtask 2: Administration of therapeutic compounds to mice for 6 months
beginning at 3 months post TBI/sham. Subtask 2: Administration of therapeutic compounds to
hTau mice for 6 months beginning at 3 months post TBI/sham. Subtask 3: Neurobehavioral testing
of hTau mice in the two weeks prior to 9 months post injury timepoint. Subtask 4: Euthanasia of
hTau mice at 9 months post-TBI/sham, followed by further evaluation of outcomes. Subtask 5:
Data analysis and interpretation to identify most potent therapeutic approach.

Task Two Deliverable: Chronic study validation of top two candidate treatments that rescue TBI-
dependent sequelae from convergence with AD pathogenic mechanisms. In task two, 90 mice will
receive the r-mTBI procedure, and 90 mice will receive the r-sham procedure.

What was accomplished under these goals?

For this reporting period describe: 1) major activities; 2) specific objectives, 3) significant results or
key outcomes, including major findings, developments, or conclusions (both positive and negative);
and/or 4) other achievements. Include a discussion of stated goals not met. Description shall include
pertinent data and graphs in sufficient detail to explain any significant results achieved. A succinct
description of the methodology used shall be provided. As the project progresses to completion, the
emphasis in reporting in this section should shift from reporting activities to reporting
accomplishments.

Summary of accomplishments for each Aim.

Aim 1: Validation of 6 potential targets for therapeutic intervention in the pathogenic TBI-AD
interrelationship.

We completed target engagement and investigation of the therapeutic efficacy (i.e. ability to
ameliorate glial reactivity and white matter changes in our TBI model) of all our potential
molecular targets. This study was conducted in a short-term treatment paradigm lasting 14days.

Given the important role of neuronal and glial cells in TBI pathophysiology, we included as part of
this Aim an additional in vitro screening platform for our compounds in injured microglia cell lines
and primary cultures. We developed a timeline of pathological profiles of inflammatory markers in
these cell culture models. We used this platform to screen the efficacy of our top performing



compounds, utilizing this as an additional validation step in the selection of some of our lower tier
lists of top performing compounds prior to initiating our long term treatment studies in Aim 2.
These studies have all been conducted with our top performing compounds, using microglial cell
lines to detail drug induced effects following injury to the cell lines. The top two drug candidates
chosen were Pioglitazone and Zileuton.

Aim 2: Chronic evaluation of the efficacy of two top performing therapeutics against the
pathogenic TBI-AD interrelationship.

For the second aim of this project, we perform a chronic treatment and post-injury timepoint study
in mice using our top two performing compounds, we selected Pioglitazone and Zileuton as the best
performing compounds based on our in vivo/in vitro work. We generated behavioral analyses for
cognitive function. After euthanasia brain tissue was collected for molecular and pathological
studies. Our combined datasets reveal efficacy of Pioglitazone and PPARg as a target for r-mTBI in
our model.

SUBTASK DESCRIPTIONS FOR MAJOR TASK 1

Subtask 1: Obtained ACURO approval [Completed]

Subtask 2: Evaluation of bioactive lipids and downstream signaling in stored TBI and AD
mouse model samples to identify proposed targets from Leukotriene and Sphingomyelin
signaling. [Completed]

Subtask 3: Administration of r-mTBI or r-sham injury to 180-220 male C57BL6/J mice at 2-3
months of age. [Completed]

Subtask 4: Administration of therapeutic compounds to C57BL6/J mice for 2 weeks immediately
prior to 2 month timepoint post-TBl/sham. | Completed]

Subtask 4a-d: Administration of therapeutic compounds to target (eicosanoid signaling, P13-
kinase/Akt/PTEN/mTOR/insulin signaling and RXR/PPAR pathway)

Subtask 4e: Target exploration of downstream eicosanoid pathway and administration of therapeutic
compounds to target leukotriene signaling

Subtask 4f: Target exploration of downstream sphingomyelin pathway and administration of
therapeutic compounds to target sphingomyelin signaling

Subtask 5: Euthanasia of hTau mice at 3 months post-TBI/sham, followed by brain omic and
antibody based analyses. [Completed]

Subtask 6: Validation of identified targets in human TBI brains with history of repetitive
concussions. [Completed]

Subtask 7: Evaluation and selection of therapeutics for each target for use in Task 2.
[Completed]

MAJOR TASK 1 DELIVERABLE: Acute study validation of coincident TBI and AD molecular
targets and verification of 6-8 compounds as engaging those targets in vivo.
Selection of Top 2 performing compounds for study in MAJOR TASK 2.



SUBTASK DESCRIPTIONS FOR MAJOR TASK 2

Subtask 1: Administration of r-mTBI or r-sham injury to 120 male mice at 2-3 months of age (60
mice per group) [Completed]

Animals will receive closed head injuries over a 1 month period.

For each of 2 potential therapeutics there will be 6 groups— [r-mTBI treated low dose; r-mTBI
treated high dose; r-mTBI vehicle; r-sham treated low dose; r-sham treated high dose; r-sham
vehicle] each with 12 mice

Subtask 2: Administration of therapeutic compounds to mice for 3 months beginning at 3 months
post TBl/sham [Completed]

Subtask 2a: Administration of Top performing therapeutic compound I

Subtask 2b: Administration of Top performing therapeutic compound II

Subtask 3: Neurobehavioral testing of mice in the two weeks prior to 6 months post injury
timepoint [Completed]

At the last two weeks prior to the 6 month post-injury time-point, animals will undergo
neurobehavioral testing in the Barnes maze for 7 days, followed by rotarod test , open field and
elevated plus maze tests.

Subtask 4: Euthanasia of mice at 6 months post-TBI/sham, followed by further evaluation of
outcomes [Completed]

Subtask 4a: Brain neuropathological analyses

Subtask 4b: Molecular Omics and antibody based analyses

Subtask 5: Data analysis and interpretation to identify most potent therapeutic approach
[Completed]

MAJOR TASK 2 DELIVERABLE: Chronic study validation of top three candidate treatments
that rescue TBI-dependent sequelae from convergence with AD pathogenic mechanisms.



SUMMARY OF THE MAIN FINDINGS FROM STUDIES OVER THE LAST 3YRS/7Mos

1. Microglia reactivity in mice exposed to 20x r-mTBI paradigm (5 injuries/week for 1 months)

1.1. Microglia immunohistochemistry in a mouse model of r-mTBI/r-sham mice

Representative confocal micrograph images showing increased Ibal (green) expression in the cortex
of mice exposed to repetitive mild TBI at 3 months post injury compared to r-sham injury mice
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TBl increases lbal reactivity in mouse cortex. IHC images of mouse cortex (20x magnification) and corpus callosum (40x
magnification) were collected and numbers and % reactive area of Ibal+ve cells were quantified in sham and injured mice at 3-
and 6-months post injury or sham procedure. Normal distribution was assessed using Shapiro wilk test and data were assessed
statistically using a one-way ANOVA. A. . 3M-Sham Vs 3M-TBI P=0.001. 6M-Sham Vs 6M-TBI P=0.588 B. 3M-Sham Vs 3M-TBI

P=<0.001 . 6M-Sham Vs 6M-TBI P=<0.001. C.3M-Sham Vs 3M-TBI P=0.003. 6M-Sham Vs 6M-TBI P=0.423. Error bars represent
SEM.




1.2. Analysis of glial response to LPS (10ng/ml) for 2hrs after isolation from injured or sham mice
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1.3. Inflammatory response profile to the LPS in r-mTBI vs sham primary microglial cells —
Injured microglia show prominent response vs shams — exhibiting primed response to LPS

80 60 *x
70

50
60 **

@

S
*

*

IS
S
*
P-NFkB/ Stain free
w
S

~
S5

P-Stat3/ Stain free
w
S

=
S5
N
5

0
Ctrl 5minsLPS 15MINSLPS 30MINSLPS 45MINSLPS 60MINSLPS 120 MINS LPS 0
-10 Ctrl SminsLPS 15MINSLPS 30MINSLPS 45MINSLPS 60MINSLPS 120 MINS LPS
e ShAM s TBI e Sham e TB|
A graph s.howmg the proﬁem expressvmn of P,hOSFhO,' STATS (P-STAT3) expression in the A graph showing the protein expression of Phospho- STAT3 (P-STAT3) expression in the
cytoplasmic/ nuclear fraction of IMG immortalized microglial cells (N=3/group). Data were . . . - . ) .

y N N b ) - cytoplasmic/ nuclear fraction of IMG immortalized microglial cells (N=3/group). Data were
normalized to Stain free total protein. Cells were t.reated with _DMEM/HZ medla.coﬂFalmng LPS normalized to Stain free total protein. Cells were treated with DMEM/F12 media containing
and 10ng/ml. Data were assessed for norm‘allty us.mg the Shapiro Wilk test and significance was 1P and 10ng/ml. Data were assessed for normality using the Shapiro Wilk test and
assessed by a students T-test of a treated time point Vs the untreated control. significance was assessed by a students T-test of a treated time point Vs the untreated control.
No LPS control Vs No LPS TBI samples P=0.006 (indicated by **). 15 Mins LPS control Vs 15 No LPS control Vs No LPS T8I samples P=0.0659 . 5 Mins LPS control Vs 5 Mins LPS TBI samples
Mins LPS T8I samples P=0.057 (Indicated by *). 45 Mins LS control Vs 45 Mins LPS TEl P=0.029 (Indicated by *). 15 Mins LPS control Vs 15 Mins LPS TBI samples P=0.023 (Indicated
samples P=0.027 (Indicated by ). 60 Mins LPS control Vs 60 Mins LPS T8I samples P=0.05 by *). 30 Mins LPS control Vs 30 Mins LPS T8I samples P=0.0013 (Indicated by **). 60 Mins LPS
(Indicated by *). control Vs 60 Mins LPS TBI samples P=0.004 (Indicated by **).

Error bars represent SEM. Error bars represent SEM.

1.4. Flow cytometry of CD11b/CD45 and CD11b/CX3CR1 cells at 3 months post-injury
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1.5. Validation of Targets (PPARg, PI3K, AKT, PTEN, 5-LOX etc..) in 20hit r-mTBI/r-sham model
in the hippocampus

Western blotting data
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Analysis of hippocampal expression of
Phospho-AMPK (Thr172) via
immunoblotting. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
14D sham Vs TBI P=<0.001. 3M sham
Vs TBI P=0.001. 6M Sham Vs TBI
P=<0.001. N=5/group. Error bars

Analysis of hippocampal expression of
Phospho-PPAR gamma (Ser112) via
immunoblotting. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
14D sham Vs TBI P=0.218. 3M sham
Vs TBI P=<0.001. 6M Sham Vs TBI
P=<0.001. N=5/group. Error bars
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Analysis of hippocampal expression of
Phospho-PTEN (Ser380) via
immunoblotting. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
14D sham Vs TBI P=0.999. 3M sham
Vs TBI P=<0.001. 6M Sham Vs TBI
P=0.486. N=5/group. Error bars
represent SEM

Analysis of hippocampal expression of
PTEN via immunoblotting. Data were
assessed for normal distribution via
Shapiro-wilk test and data were
assessed statistically using a one-Way
ANOVA. 14D sham Vs TBI P=0.776.
3M sham Vs TBI P=0.147. 6M Sham Vs
TBI P=<0.001. N=5/group. Error bars
represent SEM
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Analysis of hippocampal expression of
Phospho-AKT (Ser473) via
immunoblotting. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
14D sham Vs TBI P=0.016. 3M sham
Vs TBI P=0.012. 6M Sham Vs TBI
P=0.008. N=5/group. Error bars
represent SEM
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A graph showing the protein expression of Phospho- 5-Lipoxygenase (P-5-LOX)
(Serine 663) in the cytoplasmic/ nuclear fraction of cortex homogenate derived
from sham and injured wild type mice at 3 and 6 months post injury (N=4 group).
Data were normalized to total 5-LOX and to B-actin. Data were assessed for
normality using the Shapiro-Wilk test and then analyzed using a one way Anova
and then corrected for family wise error rate using the Benjamini Hochberg and
Yekutieli correction for false discovery rate. 3 month Sham Vs 3 month TBI
P=0.0207 (Indicated by *). 6 month Sham vs 6 month TBI P=0.0114 (indicated by
$). Error bars represent SEM.
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A graph showing the protein expression of Phospho-P38 Mitogen associated
protein kinase (P-P38 MAPK) (Threonine 180/tyrosine 182) in the cytoplasmic/
nuclear fraction of cortex homogenate derived from sham and injured wild type
mice at 3 and 6 months post injury (N=4 group). Data were normalized to B-actin.
Data were assessed for normality using the Shapiro-Wilk test and then analyzed
using a one way Anova and then corrected for family wise error rate using the
Benjamini Hochberg and Yekutieli correction for false discovery rate. 3 month
Sham Vs 3 month TBI P=0.0194 (Indicated by *). 6 month Sham vs 6 month TBI
P=0.0083 (indicated by $$). Error bars represent SEM.
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P-AKT/ B-Actin

A graph showing the protein expression of Phospho-AKT(P-AKT) (Serine 473) in the
cytoplasmic/ nuclear fraction of cortex homogenate derived from sham and
injured wild type mice at 3 and 6 months post injury (N=4 group). Data were
normalized to B-actin. Data were assessed for normality using the Shapiro-Wilk test
and then analyzed using a one way Anova and then corrected for family wise error
rate using the Benjamini Hochberg and Yekutieli correction for false discovery rate.
3 month Sham Vs 3 month TBI P=<0.001 (Indicated by ***). 6 month Sham vs 6
month TBI P=<0.001 (indicated by $$$). . Error bars represent SEM.
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A graph showing the protein expression of Phospho-Peroxisome proliferator activated receptor
gamma (PPARy) (Serine 112) in the cytoplasmic/ nuclear fraction of cortex homogenate
derived from sham and injured wild type mice at 3 and 6 months post injury (N=4 group). Data
were normalized to B-actin. Data were assessed for normality using the Shapiro-Wilk test and
then analyzed using a one way Anova and then corrected for family wise error rate using the
Benjamini Hochberg and Yekutieli correction for false discovery rate. 3 month Sham Vs 3
month TBI P=0.00461 (Indicated by **). 6 month Sham vs 6 month TBI P=0.0083 (indicated by
$S). Error bars represent SEM.
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A graph showing the protein expression of Phospho-phosphoinositide 3-kinase (P-
PI3K) (Tyrosine458/ Tyrosine199) in the cytoplasmic/ nuclear fraction of cortex
homogenate derived from sham and injured wild type mice at 3 and 6 months
post injury (N=4 group). Data were normalized to B-actin. Data were assessed for
normality using the Shapiro-Wilk test and then analyzed using a one way Anova
and then corrected for family wise error rate using the Benjamini Hochberg and
Yekutieli correction for false discovery rate. 6 month Sham vs 6 month TBI
P=0.0178 (indicated by $). Error bars represent SEM.



1.6. Transcriptomic analysis of microglia shows support for involvement of chronic PPAR
dysregulation as a major contributor to TBI pathology
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Figures from IPA showing Alteration of PPARy as a mechanism driving
pathological changes at 3- and 6-months post TBI injury. Data derived
from transcriptomic analysis of microglia exposed to 20 hit model of TBI.
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1.7. Top predicted upstream regulators of microglial phenotype at 3 months post injury

A Predicted upstream regulators
Name P-Value Predicted Activation
Lipopolysaccharide (LPS) 1.60x10E-29 Activated
Tumor Necrosis factor alpha (TNFa) 2.28x10E-24 Activated
Interleukin 1-beta (IL1B) 5.11x10E-23 Activated
Interferon gamma (IFNG) 1.25x10E-20 Activated

Amyloid Precursor protein (APP) 7.13x10E-20 Activated

B MIF-mediated Glucocorticoid Regulation—| C Th1 Pathway —
MIF Regulation of Innate Immunity— TREM1 Signaling —|
NRF2-mediated Oxidative Stress Response—| T Cell Receptor Signaling —
Glioma signalling Pathway —| NF-kB Signaling —|
PI3BK/AKT Signaling— Type | Diabetes Mellitus Signaling —
HIF1a Signaling | PPARa/RXRa Activation —|
LXR/RXR Activation—| Endocannabinoid Pathway —
PPAR Signaling— LXR/RXR Activation —
Angiopoietin Signaling— Oxidative Phosphorylation —
VEGF Signaling—| PPAR Signaling —
I I I I I | T [ I I |
32101 2 3 4 -2 0 2 4 6
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A. Table showing the top predicted upstream regulators of microglial phenotype at 3months post injury. B&C.
Analysis of microglial transcriptomic signature at 3(B)- and 6(C)-months post injury showing Top up and down-
regulated canonical pathways.




1.8. LPS, IFNg and TNFa were selected as upstream regulators of microglial dysfunction and were
exposed to microglial cell culture to generate an in vitro model to screen compounds modulating
our targets and mitigating against inflammation.

1.8.1. Immortalized Microglia (IMG) cell culture tissue following stimulation for 2 & 24 hours with
LPS (10ng/ml) ,JFN-y (50ng/ml) or TNFa (20ng/ml)
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A graph showing the protein expression of Phospho-NFkB (Serine 536) in the A graph showing the protein expression of cyclo-oxygenase2 (cox2) in the
cytoplasmic/ nuclear fraction of Immortalised Microglia (IMG) cell culture tissue cytoplasmic/ nuclear fraction of Immortalised Microglia (IMG) cell culture tissue
following stimulation for 2 & 24 hours with LPS (10ng/ml) ,IFN-y (50ng/ml) or TNFa following stimulation for 2 & 24 hours hours with LPS (10ng/ml) ,IFN-y (50ng/ml) or
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A graph showing the protein expression of Inducible Nitric Oxide synthase (INOS) in
the cytoplasmic/nuclear fraction of Immortalised Microglia (IMG) cell culture tissue

following stimulation for 2 & 24 hours with hours with LPS (10ng/ml) ,IFN-y
(50ng/ml) or TNFa (20ng/ml) (n=2/condition) Error bars represent SD.



1.8.2. IMG immortalized microglial response to LPS (10ng/ml) at 15minutes - 6 hrs of stimulation.
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nuclear fraction of Immortalised Microglia (IMG) cell culture tissue following stimulation for A graph showing the protein expression of cyclo-oxygenase2 (cox2) in the cytoplasmic/ nuclear
between 15 minutes and 6 hours with Lipolysaccharide (LPS) (10ng/ml). (n=2/condition) Error fraction of Immortalised Microglia (IMG) cell culture tissue following stimulation for between 15
bars represent SD. Data are normalised to stain free blot minutes and 6 hours with Lipolysaccharide (LPS) (10ng/ml). (n=2/condition) Error bars represent
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1.8.3. IMG immortalized microglial response to IFN-y (50ng/ml) at 15minutes- 6 hrs of stimulation.
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We selected LPS due to the performance of targets after exposure.



2. In vitro screening of compounds in microglial cell lines exposed to LPS.

2.1. LPS as an inflammatory stimuli to modify targets for in vivo screening in microglia cultures
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Immunoblot analysis of the effects
of exposure to varying

10+ concentrations of LPS on the
expression of P-NFkB (Ser536) in
IMG immortalised microglia.
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A graph showing the protein expression of Phospho- NFkB (Serine 536) in
the cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized
microglial cells (n=3/group), data were normalized to Total NFkB and to B-
actin. Cells treated with standard media @ 4 hours (n=3) vs Cells treated
with LPS @10ng/ml for 2 hours (n=3) P= 0.0042. Cells treated with standard
media @ 4 hours (n=3) vs Cells treated with LPS @10ng/ml for 24 hours
(n=3) P=0.0183. Error bars represent SD.
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A graph showing the protein expression ratio of Pro-IL1B to mature IL1B in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial
cells (n=3/group), data were normalized to B-actin. Cells treated with standard
media @ 4 hours (n=3) vs Cells treated with LPS @ 10ng/ml for 2 hours (n=3) P=
0.0313. Cells treated with standard media @ 4 hours (n=3) vs Cells treated with
LPS @10ng/ml for 4 hours (n=3) P= 0.0194. Cells treated with standard media
@ 4 hours (n=3) vs Cells treated with LPS @10ng/ml for 6 hours (n=3) P= 0.006.
Cells treated with standard media @ 4 hours (n=3) vs Cells treated with LPS
@10ng/ml for 24 hours (n=3) P= 0.0097. Error bars represent SD.
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A graph showing the protein expression of Phospho- STAT3 (Tyrosine 705)
in the cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized
microglial cells (n=3/group), data were normalized to Total NFkB and to B-
actin. Cells treated with standard media @ 4 hours (n=3) vs Cells treated
with LPS @10ng/ml for 4 hours (n=3) P= 0.00932. Cells treated with
standard media @ 4 hours (n=3) vs Cells treated with LPS @10ng/ml for 24
hours (n=3) P=0.0018. Error bars represent SD.
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A graph showing the protein expression of Ibal in the cytoplasmic/ nuclear
fraction of cell lysate from IMG immortalized microglial cells (n=3/group), data
were normalized to B-actin. Cells treated with standard media @ 4 hours (n=3) vs
Cells treated with LPS @10ng/ml for 24 hours (n=3) P= 0.0277. Error bars
represent SD.
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A graph showing the protein expression of Phospho- NFkB (Serine 536) in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial cells
(n=3/group), data were normalized to total Protein. Cells treated with either control
DMEM/F12 media or media containing LPS @10ng/ml for varying lengths of time.
Data were analyzed via students T- test significance of treated time point vs control
is shown by *. Control vs 30 mins P=<0.001. Control vs 45 mins P=<0.001. Control vs
60 mins P=0.0044. Control vs 90 mins P=0.0051. Control vs 120 mins P=0.0079.
Error bars represent SEM.
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A graph showing the protein expression of Phospho-STAT3 (Tyrosine 705) in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial cells
(n=3/group), data were normalized to total Protein. Cells treated with either control
DMEM/F12 media or media containing LPS @10ng/ml for varying lengths of time. Data were
analyzed via two-tailed students T- test significance of treated time point vs control is shown
by *. Control vs 45 mins P=0.02114. Control vs 60 mins P=0.0093. Control vs 90 mins
P=0.004. Error bars represent SEM.
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A graph showing the protein expression of Inducible Nitric oxide synthase
(INOS) in the cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized
microglial cells (n=3/group), data were normalized to B-actin. Cells treated with
standard media @ 4 hours (n=3) vs Cells treated with LPS @10ng/ml for 2
hours (n=3) P= 0.0042. Cells treated with standard media @ 4 hours (n=3) vs
Cells treated with LPS @10ng/ml for 24 hours (n=3) P= 0.0183. Error bars
represent SD.
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A graph showing the protein expression of Phospho-PI3K (Tyrosine 199) P55 in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial cells
(n=3/group), data were normalized to total Protein. Cells treated with either control
DMEM/F12 media or media containing LPS @10ng/ml for varying lengths of time. Data
were analyzed via students T- test significance of treated time point vs control is shown
by *. Control vs 5 mins P=0.0067. Control vs 10 mins P=<0.001. Control vs 15 mins
P=0.0048. Control vs 30 mins P=0.0053. Control vs 45 mins P=<0.001. Control vs 60
mins P=0.0049. Error bars represent SEM.
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A graph showing the protein expression of Phospho-5-LOX (Serine 663) in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial cells
(n=3/group), data were normalized to total Protein. Cells treated with either control
DMEM/F12 media or media containing LPS @10ng/ml for varying lengths of time. Data
were analyzed via students T-test significance of treated time point vs control is shown
by *. Control vs 30 mins P=<0.001. Control vs 45 mins P=<0.001. Control vs 60 mins
P=0.017. Control vs 90 mins P=<0.001. Control vs 120 mins P=<0.001. Error bars
represent SEM.
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A graph showing the protein expression of Phospho-PTEN (Serine 380) in the cytoplasmic/ A graph showing the protein expression of Phospho-p38 MAPK (Threonine 180/Tyrosine 182) in the
nuclear fraction of cell lysate from IMG immortalized microglial cells (n=3/group), data were  cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglial cells (n=3/group), data were
normalized to total Protein. Cells treated with either control DMEM/F12 media or media normalized to total Protein. Cells treated with either control DMEM/F12 media or media containing LPS

containing LPS @long/ml for varying lengths of time. Data were analyzed via students T-test @10ng/ml for varying lengths of time. Data were analyzed via students T-test significance of treated time
point vs control is shown by *. Control vs 5 mins P=0.0062. Control vs 10 mins P=0.0154. Control vs =15 mins

significance of treated time point vs control is shown by *.  Control vs 45 mins P=0.0411. P=<0.001. Control vs 30 mins P=0.0017. Control vs 120 mins P=0.008. Error bars represent SEM.
Control vs 60 mins P=0.010. Control vs 90 mins P=0.0239. Error bars represent SEM.

SCREENING COMPOUNDS IN LPS EXPOSED MICROGLIA CELL CULURES

*  IMG - Immortalized microglial cells were grown to 85-90% confluency in Dulbecco's Modified Eagle Medium:
Nutrient Mixture F-12 (DMEM/F12) or DMEM (for astrocytes), with cells cultured at 37C and 5%CO2.

*  Cells were treated with several compounds with/w.o 10ng/ml LPS exposure which lasted for 15mins to 45hrs

*  Cells were Lysed using Mammalian protein extraction reagent (MPER) supplemented with Protease and Phosphatase
inhibitors.

*  Protein concentration was assessed by (BCA) assay, 15ug of protein was then loaded onto a Bis-tris polyacrylamide
gel electrophoresis (PAGE) using a 4-20% gradient gel. Protein was then transferred to a PVDF membrane overnight
at 90mA.

List of compounds and their concentrations screened in our in vitro platform

Zileuton 25um 100um
Pioglitazone 2.5um 10um
Montelukast 3um 12um
Fingolimod 50nm 200nm

7’8-DHF 15um 60um

Insulin 50nm 200nm
Bexarotene 50nm 200nm
BisPeroxovanadium (BpV)  50nm 200nm
Rapamycin 100nm 400nm

BpV + Rapamycin 50nm +100nm 200nm +400nm

Below only 4 drugs are presented from this list above.



2.2. In vitro screening of Insulin on microglia

2.2.1. Investigating drug timing with response of primary target of Insulin to optimize in vitro drug

treatment paradigm
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A graph showing the protein expression of Phospho- PI3K (Tyrosine458/
Tyrosine199) expression in the cytoplasmic/ nuclear fraction of IMG
immortalized microglial cells (N=3/group). Data were normalized to B-
actin. Cells were treated with DMEM/F12 media containing Insulin
@25nM for 15- 120 minutes to identify the peak of temporal target
engagement. Data were assessed for normality using the Shapiro Wilk
test and significance was assessed by a students T-test of a treated time
point Vs the untreated control.

No drug control Vs 15 minutes treated samples P=<0.001 (Indicated by
***).No drug control Vs 30 minutes treated samples P=<0.001 (Indicated
by ***). No drug control Vs 90 minutes treated samples P=<0.001
(Indicated by ***). No drug control Vs 120 minutes treated samples
P=<0.001 (Indicated by ***). Error bars represent SEM.
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A graph showing the protein expression of Phospho-AKT (Serine 473)
expression in the cytoplasmic/ nuclear fraction of IMG immortalized
microglial cells (N=3/group). Data were normalized to B-actin. Cells were
treated with  DMEM/F12 media containing Insulin @25nM for 15- 120
minutes to identify the peak of temporal target engagement. Data were
assessed for normality using the Shapiro Wilk test and significance was
assessed by a students T-test of a treated time point Vs the untreated
control.

No drug control Vs 30 minutes treated samples P=<0.001 (Indicated by
***).No drug control Vs 45 minutes treated samples P=<0.001 (Indicated
by ***). Error bars represent SEM.

2.2.2. IMG microglia were treated with 10ng/ml LPS and either 50nM (Low dose) or 200nM (High

dose) Insulin for 2 hours
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Analysis of expression of Phospho-
NFKB (Ser536) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=<0.001. LPS Vs LPS +
High dose P=0.869. N=3/group. Error
bars represent SEM

Analysis of expression of Phospho-
STAT3 (Tyr705) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=<0.001. LPS Vs LPS +
High dose P=0.068. N=3/group. Error
bars represent SEM

Analysis of expression of Phospho-
PI3K (Tyr199) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=0.015. LPS Vs LPS + High
dose P=0.024. N=3/group. Error bars
represent SEM



2.3. In vitro screening of Pioglitazone on microglia

2.3.1. Investigating drug timing with response of primary target of Pioglitazone to optimize in vitro
drug treatment paradigm
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A graph showing the protein expression of Phospho- PPARY (Serine 112)
expression in the cytoplasmic/ nuclear fraction of IMG immortalized microglial
cells (N=3/group). Data were normalized to B-actin. Cells were treated with
DMEM/F12 media containing Pioglitazone @10uM for 15- 120 minutes to
identify the peak of temporal target engagement. Data were assessed for
normality using the Shapiro Wilk test and significance was assessed by a students
T-test of a treated time point Vs the untreated control. No drug control Vs 15
minutes treated samples P=0.001 (Indicated by **) No drug control Vs 120
minutes treated P=<0.001 (Indicated by ***). Error bars represent SEM.

2.3.2. Effect of Pioglitazone on Microglia - 2hrs
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A graph showing the protein expression of Phospho- RXRa (Serine 112)
expression in the cytoplasmic/ nuclear fraction of IMG immortalized microglial
cells (N=3/group). Data were normalized to B-actin. Cells were treated with
DMEM/F12 media containing Pioglitazone @10uM for 15- 120 minutes to
identify the peak of temporal target engagement. Data were assessed for
normality using the Shapiro Wilk test and significance was assessed by a
students T-test of a treated time point Vs the untreated control. No drug
control Vs 120 minutes treated P=<0.001 (Indicated by ***)No drug control Vs
90 minutes treated P=<0.001 (Indicated by ***).Error bars represent SEM.

A graph showing the protein expression of Phospho-NFkB (Serine536), Phospho-STAT3(Tyrosine705), Phospho-PPARy and PGCla in the cytoplasmic/ nuclear fraction of cell
lysate from IMG immortalized microglia cells treated with Pioglitazone 1uM(Low Dose) or 10uM (High dose) and 10ng/ml Lipopolysaccharide (LPS) for 2 hours(n=3/group),
data were normalized to B-tubulin. Data were assessed for normal distribution and significance was assessed using a one-way ANOVA following by post hoc testing with a
two-stage linear setup by Benjemini-Hochberg and Yekuteli to control for false discovery rate. Significance vs control is indicated on the graph (*=P<0.05) (**=P<0.01)
(***=P<0.001). Significance vs LPS treated is indicated on the graph (#=P<0.05) (##=P<0.01) (###=P<0.001)



2.3.3. Effect of Pioglitazone on Microglia 24hrs

Biochemistry of cell lysates
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A graph showing the protein expression of Phospho-NFkB (Serine536), Phospho-STAT3(Tyrosine705), Phospho-PPARy(Ser112) and PGCla in the
cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglia cells treated with Pioglitazone 1uM(Low Dose) or 10uM (High dose)
and 10ng/ml Lipopolysaccharide (LPS) for 24 hours(n=3/group), data were normalized to B-tubulin. Data were assessed for normal distribution
and significance was assessed using a one-way ANOVA following by post hoc testing with a two-stage linear setup by Benjemini-Hochberg and
Yekuteli to control for false discovery rate. Significance vs control is indicated on the graph (*=P<0.05) (**=P<0.01) (***=P<0.001). Significance
vs LPS treated is indicated on the graph (#=P<0.05) (##=P<0.01) (###=P<0.001)

24 hours. B. Mean fluorescence intensity was normalized to
cell number, 10 images per condition were assessed at
20Xmagnification. Data were assessed using a one-way ANOVA
. Ctrl Vs LPS P=0.002. LPS Vs LPS+ Pio P=<0.001. C analysis of %
nuclear localization was calculated as the number of pixels
colocalizing with DAPI (nuclear marker) normalized to total
positive PPAR pixels in a cell. 10 Cells were analyzed per
condition. Ctrl Vs LPS P=<0.001. LPS Vs LPS +Pio P=<0.001.
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2.3.4. In vitro — Proteomics — Microglia/LPS w/w.o Pioglitazone

LPS vs Ctrl LPS + Pio vs LPS
A

20 4 f 51
481 119

* Of 24 Shared genes all were differentially regulated

A Venn diagram of significantly altered proteins (p value =>0.05) from
either Control treat IMG microglia (Ctrl), LPS (10ng/ml for 24 hours), or
with both LPS (10ng/ml for 24 hours)and Pioglitazone (10uM for 24 hours)
(N=3/group). Analysis of LPS Vs Ctrl cells identified 68 significantly altered
proteins (20 up and 48 down). Analysis of LPS + Pio Vs LPS identified 70
significantly altered proteins (51 up and 19 down). Analysis between
comparison groups identified 24 overlapping altered proteins, all
differentially regulated as shown in B.

Direction

Gene name LPS Vs Ctrl LPS +Pio Vs LPS
Tpp2 Up Down
Farsb Up Down
Sgta Up Down
Sec31a Up Down
env Up Down
Esd Up Down
Smcla Up Down
Ecil Up Down
Ehd1 Up Down
Septin9 Down Up
Adss Down Up
Idil Down Up
HSPA1A Down Up
Mapk3 Down Up
Anxa3 Down Up
Raly Down Up
Ptma Down Up
Myl6 Down Up
Kctd12 Down Up
Cab39 Down Up
Snx6 Down Up

Nap1l4 Down Up
Hnrnpdl Down Up
Snd1l Down Up

Identification of significantly altered pathways in microglia treated with LPS or LPS and Pioglitazone
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2.4. BvP(ohPic) effect on PTEN inhibition in microglia

IMG Immortalized microglia were treated with BVP (200nM) and/or LPS 10ng/ml for 2 hours
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Analysis of expression of Phospho-
PTEN (Ser380) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=0.026. LPS Vs LPS + Bvp
P=0.448. N=3/group. Error bars
represent SEM
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Analysis of expression of Phospho-
AKT (Ser437) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=0.269. LPS Vs LPS + Bvp
P=0.001. N=3/group. Error bars
represent SEM
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Analysis of expression of Phospho-
STAT3 (Tyr705) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
Ctrl Vs LPS P=0.022. LPS Vs LPS + Bvp
P=0.722. N=3/group. Error bars
represent SEM
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Analysis of expression of Phospho-

STAT3 (Tyr705) via immunoblotting of
whole cell lysate. Data were assessed

for normal distribution via Shapiro-
wilk test and data were assessed

statistically using a one-Way ANOVA.

Ctrl Vs LPS P=<0.001. LPS Vs LPS + Bvp

P =<0.001. N=3/group. Error bars
represent SEM

2.5. Zileuton effect on 5-LOX inhibition in microglia

2.5.1. IMG Immortalized microglia were treated with Zileuton (25 or 100uM) and/or LPS 10ng/ml

for 24 hours.
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P-NFkB/ B-actin
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A graph showing the protein expression of Phospho- NFkB (Serine
536) in the cytoplasmic/ nuclear fraction of cell lysate from IMG
immortalized microglial cells (n=3/group), data were normalized
to Total NFkB and to B-actin. Cells treated with either control
DMEM/F12 media or media containing LPS @10ng/ml and
Zileuton @ 25uM (Low dose) or 100uM (High dose) for 24 hours.
Data were analysed via students T-test. Control vs LPS treated
P=0.016. Error bars represent SEM.
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A graph showing the protein expression of Phospho- 5-LOX
(Serine 663) in the cytoplasmic/ nuclear fraction of cell lysate
from IMG immortalized microglial cells (n=3/group), data were
normalized to Total NFkB and to B-actin. Cells treated with either
control DMEM/F12 media or media containing LPS @10ng/ml
and Zileuton @ 25uM (Low dose) or 100uM (High dose) for 24
hours. Data were analysed via students T-test. LPS vs LPS + 100um
Zileuton P=<0.001. Control vs LPS treated P=0.0094 Error bars
represent SEM.
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A graph showing the ratio of protein expression of Pro-IL1b
against Mature IL1b in the cytoplasmic/ nuclear fraction of cell
lysate from IMG immortalized microglial cells (n=3/group), data
were normalized to Total NFkB and to B-actin. Cells treated with
either control DMEM/F12 media or media containing LPS
@10ng/ml and Zileuton @ 25uM (Low dose) or 100uM (High
dose) for 24 hours Data were analysed via students T-test. Error
bars represent SEM.




2.5.2. IMG Immortalized microglia were treated with Zileuton (100uM) at 90mins after a 30mins
pre-treatment with/w.o LPS 10ng/ml
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A graph showing the protein expression of Phospho-NFkB (Serine536), Phospho-STAT3(Tyrosine705), Phospho-5-Lipoxygenase (Serine663) (5-LOX) and Phospho-P38 (Thr180/Tyr182)
MAPK in the cytoplasmic/ nuclear fraction of cell lysate from IMG immortalized microglia cells following a 30 minute pre-treatment with Insulin at either a low (50nM) or high dose
(200nM),the cell culture media was then replaced with fresh media containing 10ng/ml Lipopolysaccharide (LPS) for 45 minutes (n=3/group), data were normalized to B-tubulin. Data
were assessed for normal distribution and significance was assessed using a one-way ANOVA following by post hoc testing with a two-stage linear setup by Benjemini-Hochberg and
Yekuteli to control for false discovery rate. Significance vs control is indicated on the graph (*=P<0.05) (**=P<0.01) (***=P<0.001). Significance vs LPS treated is indicated on the graph
(#=P<0.05) (##=P<0.01) (###=P<0.001)

2.5.3. Lipid profiles in microglia cultures exposed to LPS with/w.o Zileuton
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Control AVG 2hr LPS only 2hr LPS +ZIL 2hr LPS +ZIL 4hr LPS only 4hr LPS +ZIL 4hr LPS+ZIL  4hr ZIL 6hr LPS  6hr LPS+ZIL 6hr LPS +ZIL
50um 100um 50um 100um 50um 50um 100um

Concentration ng/ml

Sample condition

H|TB4 MPGD2 Prostaglandin Fla TBX2

Bioactive lipid profile derived from LCMS/MS data showing the effect of 2,4 and 6 hours of
10ng/ml LPS administration on IMG microglia. Either with or without Zileuton (ZIL) @50 or
100uM LTB4= Leukotriene B4, PDG2= Prostaglandin D2, Prostaglandin F1a and
Thromboxane 2. n=2 per group, samples were run in triplicated error bars reported as
Standard deviation.



3. Ex vivo study (short-term treatment — 7 days)

3.1. Microglial cell isolation

5-15 grams of tissue
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3.2. Analysis of cells types present in each phase of glial isolation
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Figure showing confirmation of cell type specific isolation using CD11b and ACSA 2 magnetic




3.3. Ex vivo analysis of acutely isolated microglia - Experimental design

C57BL/6) _ Euthanasia
5-hits over 1 week

-mmm

24-hour inter-injury time
3 months of age

Mice (n=4/group) were exposed to 5 injuries, separated by 24 hours and then treated with
pioglitazone (125mg/kg chow) for 7 days to assess target engagement and effect on markers of
inflammation in microglia pellets.
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Analysis of expression of Phospho- Analysis of expression of Phospho-

NFkB (Ser536) via immunoblotting of STAT3 (Tyr705) via immunoblotting of
whole cell lysate. Data were assessed whole cell lysate. Data were assessed

for normal distribution via Shapiro- for normal distribution via Shapiro-
wilk test and data were assessed wilk test and data were assessed
statistically using a one-Way ANOVA. statistically using a one-Way ANOVA.
R sham Vs R-mTBI P=<0.001. R sham Vs R-mTBI P=<0.001.

N=4/group. Error bars represent SEM. N=4/group. Error bars represent SEM.



Analysis of expression of Phospho- 5-
LOX (Ser663) via immunoblotting of
whole cell lysate. Data were assessed
for normal distribution via Shapiro-
wilk test and data were assessed
statistically using a one-Way ANOVA.
R sham Vs R-mTBI P=<0.001.TBI-
untreated Vs TBI Zileuton P=0.042.
TBI untreated Vs TBI Pioglitazone P=
0.009. N=4/group. Error bars
represent SEM.

Analysis of expression of Phospho-
PPARy (SER112) via immunoblotting
of whole cell lysate. Data were
assessed for normal distribution via
Shapiro-wilk test and data were
assessed statistically using a one-Way
ANOVA. R sham Vs R-mTBI P=0.035.
TBI untreated Vs TBI Pioglitazone P=
0.062. N=4/group. Error bars
represent SEM.
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Analysis of expression of Inducible
nitric oxide synthase INOS via
immunoblotting of whole cell lysate.
Data were assessed for normal
distribution via Shapiro-wilk test and
data were assessed statistically using
a one-Way ANOVA. No significant
effect was found. N=4/group. Error
bars represent SEM.

4. Short term In vivo studies

C57BL/6)

Time post-injury

2.5 Months

5-hits/week 3 Months
m — 14 days of treatment
over 1 month Euthanasia

3 months of age

Methodology — Animals were subjected to our injury TBI paradigm, receiving 20 closed head
injuries (5 per week over 1 month) with an electromagnetic impounder (see Mouzon et al., 2012;
2014); subsequently allowed to age for 3 months post first-injury, whereby they received treatment
with compounds for the last 14 days until euthanasia. Groups per treatment — [r-mTBI treated; -
mTBI vehicle; r-sham treated; r-sham control] each with 6 mice per group.

Western blotting and immunohistochemistry studies were conducted using established protocols
as previously demonstrated (see Ojo et al., 2016; Mouzon et al., 2018). ELISA/EIA kits followed
manufacturers guidelines.



4.1. In vivo Investigation of Pioglitazone on TBI

Neuropathology - Immunohistochemistry
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Biochemistry - immunoblotting
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4.2. Analysis of Target engagement following Insulin treatment
Pharmacological blockade of IGF receptor after repetitive mTBI.
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Graph showing Protein expression of PI3K when normalized for GAPDH.

Graph showing protein expression of Phospho-AKT when normalized for GAPDH.

Graph showing protein expression of Phospho-ERKI when normalized for GAPDH.

n=4 per group, error bars are shown as standard error of the mean (SEM) and data was statistically
analyzed using ANOVA.

Lack of significant increase in downstream IGF-signaling by intranasal insulin following injury.
p-AKT ser473 shows a trend towards increase with intranasal insulin following injury



4.3. Analysis of Target engagement following Zileuton treatment
Pharmacological blockade of 5-Lox activity after repetitive mTBI.
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Neuropathological analysis of GFAP and/or IBA1 in the corpus callosum and hippocampus of C57BL/6 (Wild type) mice following 20-hit injury
paradigm or sham procedure, and treatment with zileuton(32mg/kg/day) or Montelukast (10mg/kg/day). Quantification of % reactive area of
Ibat*ve cells in 6 non-overlapping images taken along the body of the Corpus callosum, data were analysed by One-way ANOVA and p=
0.001. Quantification of % reactive area of GFAP*¢ cells in 6 non-overlapping images taken along the body of the Corpus callosum, data were
analysed by One-way ANOVA and p =0.0001. Data are expressed as + standard error of the mean (n=6 per group). Significance between
Sham vehicle vs. TBI vehicle group represented by (£), significance assessed to be p=0.001 represented by £££. TBI vehicle vs. TBI treated
with Zileuton group is represented by (@), significance assessed to be p=0.001 represented as @@@. TBI vehicle vs. TBI treated with
Montelukast group is represented by $, Significance assessed to be p=0.01, represented as $$.
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5-LOX protein expression in C57BL/6 (Wild type) mice following 20-hit injury paradigm or
sham procedure, and treatment with zileuton(32mg/kg/day) or Montelukast (10mg/kg/day)
analysis of mouse brains following Injury and treatment. (A) Representative western blotting
of 20 hit mTBI mice cortex samples. (B) of Figure A, data were analysed by One-way
ANOVA and p =0.0001. Data are expressed as + standard error of the mean (n=6 per group.
Significance between Sham vehicle vs. TBI vehicle group represented by (£), significance
assessed to be p=0.001 represented by £££. TBI vehicle vs. TBI treated with Zileuton group
is represented by (@), significance assessed to be p=0.001 represented as @@@. TB/
vehicle vs. TBI treated with Montelukast group is represented by $, Significance assessed to
be p=0.001, represented as $$3. Significance between Sham vehicle vs. Sham treated with
Zileuton is represented at *, significance assessed to be p=0.01 represented as (**).
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Total NFKB (T-NFkB) and Phospho NFKB (P-NFkB) expression in C57BL/6 (Wild type) mice
following 20-hit injury paradigm or sham procedure, and treatment with zileuton(32mg/kg/day)
or Montelukast (10mg/kg/day) analysis of mouse brains following Injury and treatment. (A)
Representative western blotting of 20 hit mTBI mice cortex samples. (B) of Figure A, data
were analysed by One-way ANOVA and p =0.0001. Data are expressed as + standard error
of the mean (n=6 per group). (Figure.C.) Significance between Sham vehicle vs. TBI vehicle
group represented by (£), significance assessed to be p=0.001 represented by £££. TBI
vehicle vs. TBI treated with Zileuton group is represented by (@), significance assessed to be
p=0.007 represented as @@. Significance between Sham vehicle vs. TBI treated with
Montelukast is represented by ($) significance assessed to be p=0.0176, represented as ($).
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e o wem= D73~ 55kDa Total TAU (DA9) and Phospho Tau (RZ3)
expression in C57BL/6 (Wild type) mice
DA9 = 55kDa following  20-hit injury paradigm or sham
procedure,
GAPDH ~37kDa | zileuton(32mg/kg/day)

(10mg/kg/day) analysis of mouse brains
following  Injury  and  treatment. (A)
Representative western blotting of 20 hit mTBI
mice cortex samples. (B) of Figure A, data were
analysed by One-way ANOVA and p =0.0001.
Data are expressed as + standard error of the
mean (n=6 per group. Significance between
Sham vehicle vs. TBI vehicle group represented
by (£), significance assessed to be p=0.0056
represented by ££ (Fig.8.B) and p=0.086
represented (Fig.8.C). TBI vehicle vs. TBI
treated with Zileuton group is represented by
(@), significance assessed to be p=0.011
represented as @. @@. Significance between
Sham vehicle vs. TBI treated with Montelukast
is represented by ($) significance assessed to
be p=0.002, represented as ($$).
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CDK5 expression in C57BL/6 (Wild type) mice following 20-hit injury paradigm or
sham procedure, and treatment with zileuton(32mg/kg/day) or Montelukast
(10mg/kg/day) analysis of mouse brains following Injury and treatment. (A)
Representative western blotting of 20 hit mTBI mice cortex samples. (B) of Figure
A, data were analysed by One-way ANOVA and p =0.0001. Data are expressed
as + standard error of the mean (n=6 per group. Significance between Sham
vehicle vs. TBI vehicle group represented by (£), significance assessed to be
p=0.001 represented by £££ (Fig.9.B) and p=0.086 represented (Fig.8.C). TBI
vehicle vs. TBI treated with Zileuton group is represented by (@), significance
assessed to be p=0.001 represented as @. @@. Significance between Sham
vehicle vs. TBI treated with Montelukast is represented by ($) significance
assessed to be p=0.01, represented as ($3).

4.4. PTEN inhibition in microglia after r-mTBI (Cre-LoxP model).

4.4.1. Schematic of PTEN"/CX3CR 1" model to target PTEN deletion in microglia

Cx3cr1tm2.1(Ce/ERT2)Jung B6.129S54-Ptentmitwu/]

< Y Cx3crltm2.1(cre/ERT2)JungXPtentmitwu/j

Graphical summary showing the breeding strategy used to generate the PTEN microglial-specific conditional knockout mice. Briefly, we
first crossed PTEN /fimice (Jax #006440) with homozygous CX3CR1C¢ERT2EYFP reporter mice (Jax #021160) to generate hemizygous
CX3CR1 */CreERT2PTEN*/fimice. Hemizygous carriers were then mated to PTEN "/fimice to generate CX3CR1 */CreERT2PTENT/fi mice (KO,
knockout). To generate our experimental cohorts, we mated the KO mice back the PTEN #/fmouse line to generate an approximately
50:50 distribution of Cre*PTEN f/fl (KO) and CreneePTEN i/fl (WT, wild type) littermates. All mice were genotyped by Transnetyx. For all
experiments, both male and female mice were used in a 50:50 ratio.



4.4.2. Demonstration of cre-recombination in PTENY1/CX3CR 1< mice.
lbal DAPI EYFP Merged

20um. -
Fum

CX3CR1CERT2 EYFP reporter mice were crossed with PTEN /fl mice, at 2.5 months post injury or sham treatment mice
were fed tamoxifen in chow (Harlan, #TD.130860, 400 ppm) for 14 days to induce eYFP expression. Representative
confocal micrographs showing eYFP expression in lbal-positive microglia upon tamoxifen administration A’-D’) or vehicle
treatment (A-D).

4.4.3. IBA1 — Microglial activation (IHC) in PTEN"1/CX3CR1¢*" mice after -mTBI/r-sham injury
Data from mice fed on tamoxifen for 14days, at 2.5months post-injury timepoint.
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» Tukey's multiple comparisons test Mean Diff. |95.00% CI of diff. Significant? Summary Adjusted P Value
% 20— Sham Veh vs. Sham Treated -1.126 -3.892to 1.640 No ns 803 A-B
8 Sham Veh vs. TBI Veh -9.920 -12.69to -7.154 Yes i <.001 A-C
£ A Sham Veh vs. TBI Treated -4.776 -7.541t0-2.010 Yes i <.001 A-D
= 154 o Sham Veh vs. WT Sham -0.7597 -3.526 to 2.006 No ns 955 AE
2 Sham Veh vs. WT TBI -8.778 -11.54 to -6.012 Yes <.001 A-F
"5 104 v Sham Treated vs. TBI Veh -8.794 -11.56 to -6.028 Yes i <001 B-C
g Sham Treated vs. TBI Treated -3.649 -6.415 t0 -0.8836 Yes = 005 B-D
‘(G Sham Treated vs. WT Sham 0.3665 -2.399 to 3.132 No ns 998 B-E
g 5+ ° " > Sham Treated vs. WT TBI -7.651 -10.42 to -4.885 Yes i <.001 B-F
:-3 TBI Veh vs. TBI Treated 5144 2.379t0 7.910 Yes i <.001 C-D
g TBI Veh vs. WT Sham 9.160 6.395 to 11.93 Yes i <.001 CE
‘; TBI Veh vs. WT TBI 1.143 -1.623 to 3.908 No ns 794 C-F
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2 ,b(“ «Q\ WT Sham vs. WT TBI -8.018 -10.78 to -5.252 Yes biia <.001 E-F
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a‘, [ Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value
‘E 20 A Sham Veh vs. Sham Treated 0.2975 -1.706 to 2.301 No ns 997 A-B
o Sham Veh vs. TBI Veh 4191 -6.195 to -2.187 Yes i <.001 A-C
£ 154 A ~ Sham Veh vs. TBI Treated -1.772 -3.776 to 0.2312 No ns 105 A-D
o [o) | Sham Vehvs. WT Sham 0.2202 -1.783t0 2.224 No ns >.999 A-E
é _ Sham Veh vs. WT TBI -3.752 -5.755 to -1.748 Yes = <.001 AF
o 104 Sham Treated vs. TBI Veh -4.489 -6.492 to -2.485 Yes s <.001 B-C
g : Sham Treated vs. TBI Treated -2.070 -4.074 to -0.06621 Yes * 040 B-D
© ™ | Sham Treated vs. WT Sham -0.07724 -2.081to 1.926 No ns >.999 B-E
“>’ 5 @ Sham Treated vs. WT TBI -4.049 -6.053 to -2.045 Yes i <.001 B-F
:'3 | TBI Veh vs. TBI Treated 2419 0.4150 to 4.422 Yes * 012 CcD
g 0- : TBI Veh vs. WT Sham 441 2.408 to 6.415 Yes b <.001 CE
N \\GQ .@b AQ? \eb ’b& &Q\ ~ TBIVehvs. WT TBI 0.4394 -1.564 to 2.443 No ns 983 C-F
PN "o‘\ & ~ TBITreated vs. WT Sham 1.993 -0.01102 to 3.996 No ns 052 D-E
‘\‘b& A& 4\@ \‘\‘ Qi\ ~ TBITreated vs. WT TBI -1.979 -3.983 to 0.02441 No ns 054 D-F
° %Q'b& &Q’ ~ WT Shamvs. WT TBI -3.972 -5.976 to -1.968 Yes = <.001 E-F

Sham Treated TBI Vehicle TBI Flox Ctrl

g ATukey‘s multiple comparisons test Mean Diff. | 95.00% CI of diff. Significant? Summary Adjusted P Value

8 A Sham Veh vs. Sham Treated 0.6348 -1.640 to 2.910 No ns 956 A-B
= Sham Veh vs. TBI Veh -7.659 -9.933 to -5.384 Yes i} <.001 A-C
g ~ Sham Veh vs. TBI Treated -3.696 5,971 to -1.422 Yes - <001 AD
g_ | Sham Veh vs. WT Sham 0.01625 -2.258 t0 2.291 No ns >.999 AE
° Sham Veh vs. WT TBI -6.472 -8.747 to -4.197 Yes i <.001 A-F
L:’ ~ Sham Treated vs. TBI Veh -8.293 -10.57 to -6.019 Yes bz <.001 B-C
'; ﬂ Sham Treated vs. TBI Treated 4.331 -6.606 to -2.056 Yes e <.001 B-D
g Sham Treated vs. WT Sham -0.6186 -2.893 to 1.656 No ns 960 B-E
u_a a Sham Treated vs. WT TBI -7.107 -9.382 to 4.832 Yes b <.001 B-F
g | TBIVeh vs. TBI Treated 3.962 1.687 to 6.237 Yes = <.001 CcD
E ~ TBI Vehvs. WT Sham 7.675 5.400 to 9.949 Yes e <.001 CE
g | TBIVehvs. WT TBI 1.186 -1.088 to 3.461 No ns 613 C-F
:'3 | TBI Treated vs. WT Sham 3.713 1.438 to 5.987 Yes i <.001 D-E
3 TBI Treated vs. WT TBI -2.776 -5.050 to -0.5010 Yes 5 010 D-F
§ : WT Sham vs. WT TBI -6.488 -8.763 to -4.214 Yes g <.001 E-F




4.44. GFAP - Astroglial activation (IHC) in PTEN"1/CX3CR1¢*" mice after -mTBI/r-sham injury
Data from mice fed on tamoxifen for 14days, at 2.5months post-injury timepoint.
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Mean Diff.
-0.2799
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-1.733
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-5.631
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-1.453
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-5.251
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Mean Diff.
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-9.538
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10.91
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-2.527
0.6896
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-7.827
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95.00% CI of diff.

-1.539 to 0.9791
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-1.068 to 1.450
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1.396 to 3.914
3.320 t0 5.838
-2.402 to 0.1161
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95.00% CI of diff.
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-12.44 to -6.641
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-1.525 to 4.269
-12.15 to -6.356
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-9.859 to -4.065
-2.082t0 3.712
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8.013t0 13.81
-2.612t0 3.182
4.880 to 10.67
-5.745 to 0.04968
-13.52t0 -7.727

95.00% CI of diff.
-3.687 to 3.219
-11.51 to -4.608
-5.980 to 0.9256
-2.763 to 4.142
-9.112 to -2.207
-11.28 to 4.374
-5.746 to 1.159
-2.529 t0 4.376
-8.879 to -1.973
2.081to 8.986
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Significant?
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Significant?
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Significant?
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<.001
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4.4.5. Biochemistry of CD11b+ microglial lysates in PTEN?%/CX3CR1°¢* mice after r-mTBI/r-sham

injury. Data from mice fed on tamoxifen for 14days, at 2.5months post-injury timepoint.
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Tukey's multiple comparisons test Mean Diff.  |95.00% CI of diff. Significant? Summary Adjusted P Value

Glia Sham Veh vs. Sham Treated 0.05632 -0.1063 to 0.2189 No ns 875
1.0 Sham Veh vs. TBI Veh -0.2276 -0.3902 to -0.06498 Yes s 004
c Sham Veh vs. TBI Treated -0.2107 -0.3733 to -0.04807 Yes = .007
53 0.8 Sham Veh vs. WT Sham 0.07508 -0.08753 to 0.2377 No ns 688
T Sham Veh vs. WT TBI -0.1672 -0.3298 to -0.004617 Yes i 042
g 064 Sham Treated vs. TBI Veh -0.2839 -0.4465 to -0.1213 Yes = <.001
E 0.4 Sham Treated vs. TBI Treated -0.2670 -0.4296 to -0.1044 Yes i <.001
- Sham Treated vs. WT Sham 0.01876 -0.1438 to 0.1814 No ns 999
2 0.2 Sham Treated vs. WT TBI -0.2235 -0.3862 to -0.06093 Yes i 004
TBI Veh vs. TBI Treated 0.01691 -0.1457 to 0.1795 No ns >.999
0.0- TBI Veh vs. WT Sham 0.3027 0.1401 to 0.4653 Yes <.001
\\é‘\ ’5@5 4&9 é@b ‘3}‘\ «0\ TBI Veh vs. WT TBI 0.06037 -0.1022 to 0.2230 No ns 841
& <& &0\ <& &% é\ TBI Treated vs. WT Sham 0.2858 0.1231to 0.4484 Yes i <.001
6‘\‘@& «Q\ N TBI Treated vs. WT TBI 0.04345 -0.1192 to 0.2061 No ns 954
@ WT Sham vs. WT TBI -0.2423 -0.4049 to -0.07969 Yes b 002

5. Long term study with Pioglitazone (125 and 500mg/kg chow) and Zileuton (50 and 200mg/L).
Mice were injured at 3 months and received treatment after approx. 3months until 6 months.
Behavior and brain/isolated glia biochemistry analyses were conducted on these mice.

Animals: We purchased 10-week-old C57BL/6 male mice from Jackson Laboratories (Bar Harbor, ME)
and housed them in standard cages under a 12-h light/12-h dark schedule at ambient temperature. All
procedures were performed in accordance with Office of Laboratory Animal Welfare guidelines under a
protocol approved by the Roskamp Institute Institutional Animal Care and Use Committee. Animals
were randomly assigned to the different groups (n =12 per group).

Injuries: Closed-head injuries were conducted using our previously established model involving a I-mm
depth impact delivered to the closed skull using a 5-mm flat tip electromagnetic stereotaxic impactor
(Leica Biosystems) at a velocity of 5 m/sec with a dwell time of 200 msec. Mice were anesthetized using
1.5 L/min of oxygen and 3% isoflurane and maintained under anesthesia through a nose cone throughout
the injury procedure. Injuries were administered at 3 mos of age, 5 times a wk over one month.

Barnes Maze: Cognitive function was evaluated using the Barnes maze (BM). Ethovision XT (Noldus,
Wageningen, NL) was used to track and record the movement of each animal. Mice were given 90 sec to
locate and enter the target box, and they were required to remain in the target box for 30 sec prior to
retrieval, regardless of success. For a period of 6 days, 4 trials were given per day, with mice starting
from one of 4 cardinal points on each trial. On the 7th day a single probe trial lasting 60 sec was
performed with the mouse starting from the center of the maze and the target box removed. An
Ethovision XT system was used to continually record the position of the mouse and measured the
distance from the target box 30 times per second for the duration of each trial. The sum of that value was
expressed as cumulative distance from target hole. Escape latency measured the time taken for the mouse
to enter in the box

Analyses: All ANOVA experiments were followed by pairwise comparisons with correction for multiple
comparisons using the two-stage linear step-up procedure of Benjamini, Krieger, and Yekutieli (BKY) to
control the false discovery rate. ANOVA was performed using Graph Pad prism version 7.0 statistical
software (La Jolla, CA). Mauchley test was used to examine the assumption of sphericity before
ANOVA analyses. If the sphericity assumption was violated, the Geisser-Greenhouse correction to the
degrees of freedom and p values was reported.



Experimental paradigm for long-term treatment study

Time post-injury
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5.1. Barnes maze acquisition and probe trial data to assess learning and memory

5.1.1. Acquisition and Probe trial data
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5.1.2. Probe trial data

Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value
15— Sham vehicle vs. Sham Pio Low -1.182 -4.589 t0 2.226 No ns 910 AB
v Sham vehicle vs. Sham Pio High 06742 -4.010 to 2.681 No ns 991 AC
Q ; . Sham vehicle vs. TBI vehicle -5.818 -9.226 to -2.411 Yes Fot <.001 A-D
o n v Sham vehicle vs. TBI Pio Low -4.091 -7.488 to -0.6835 Yes = 010 AE
E 10 Sham vehicle vs. TBI Pio High -1.174 -4.510 to 2.161 No ns 904 AF
Y Sham Pio Low vs. Sham Pio High 0.5076 -2.828 10 3.243 No ns 958 B-C
S Sham Pio Low vs. TBI vehicle -4.638 -8.044 to -1.229 Yes e .002 B-D
g | | Sham Pio Low vs. TBI Pio Low -2.909 £.317 t0 0.4883 No ns 137 B-E
E 54 | | Sham Pio Low vs. TBI Pio High 0.007576 -3.328 t0 3.342 No ns >.999 B-F
2 Sham Pio High vs. TBI vehicle -5.144 -8.480 to -1.808 Yes st <.001 c-D
Sham Pio High vs. TBI Pio Low -2.417 £.752 to -0.08097 Yes ~ 042 C-E
0- Sham Pio High vs. TBI Pio High -0.5000 -3.762 to 2.762 No ns 588 C-F
TBI vehicle vs. TBI Pio Low 1.727 -1.680 to 5.135 No ns 671 D-E
X TBI vehicle vs. TBI Pio High 4644 1.308 to 7.980 Yesz .- .002 D-F
46(\ TBI Pio Low vs. TBI Pio High 2917 -0.4190 to 6.252 No ns 120 E-F
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8 80 Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value
8 Sham vehicle vs. Sham Pio Low -3.358 -24.43 to 17.71 No ns 897
;’ Sham vehicle vs. Sham Pio High -£.027 -26.65 to 14.60 No ns 955
o 60 Sham vehicle vs. T8I vehicke 238 £3.4110-11.28 Yes - <001
f Sham vehicle vs. TBI Pio Low -22.08 -42.15 to -1.011 Yes B .035
“E’, 40- Sham vehicle vs. TBI Pio High -11.04 31,66 10 9.587 No ns 818
S Sham Pio Low vs. Sham Pio High -2.688 -23.29t0 17.98 No ns 859
ko] Sham Pio Low vs. TBI vehicle -28.99 -50.06 to -7.921 Yes s .002
af—f 20 Sham Pio Low vs. TBI Pio Low -18.72 -39.79 to 2.347 No ns 109
2 Sham Pio Low vs. TBI Pio High -7.678 -28.30 to 12.85 No ns .882
5‘ 0- Sham Pio High vs. TBI vehicle -26.32 -48.94 to -5.856 Yes e .005
ch Sham Pio High vs. TBI Pio Low -16.05 -35.88 to 4.572 No ns 214
E Q\ Sham Pio High vs. TBI Pio High -5.010 -25.18to 15.16 No ns 917
& TBI vehicle vs. TBI Pio Low 10.27 -10.80 to 31.24 No ns 707
T8I vehicle vs. TBI Pio High 21.31 0.6886 to 41.93 Yes ¥ 039
TBI Pio Low vs. TBI Pio High 11.04 -9.582 to 31.67 No ns 818
8- Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff. Significant? Summary Adjusted P Value
5‘ n A Sham vehicle vs. Sham Pio Low 0.4545 1.524 t0 2.433 No ns 584 AB
§ 6 eo0 m aa Sham vehicle vs. Sham Pio High 0.4242 12 to 2.281 No ns 987 AC
o Sham vehicle vs. TBI vehicle 2636 0.8582 to 4.615 Yes = 003 AD
&" e m A @® Sham vehicle vs. TBI Pio Low 2.727 0.7491 to 4.705 Yes - 002 AE
Py 4+ AA V [¢ 1)) Sham vehicle vs. TBI Pio High 1.008 059230 to 2.944 No ns 847 A-F
-g . Sham Pio Low vs. Sham Pio High -0.02030 -1.967 to 1.908 No ns >.999 B-C
..6 2] - ? | Sham Pio Low vs. TBI vehicle 2.182 0.2038 to 4.160 Yes ks 022 B-D
9 3 | Sham Pio Low vs. TBI Pio Low 2273 0.2945 to 4.251 Yes b 015 BE
f_“ { | Sham Pio Low vs. TBI Pio High 0.8530 -1.384 t0 2.490 No ns .959 B-F
0- 5 | Sham Pio High vs. TBI vehicle 2212 0.27568 to 4.149 Yes iy .016 c-D
. (}0 5" \(§ ) (}0 °$ . § Sham Pio High vs. TBI Pio Low 2.303 0.2885 to 4.240 Yes s .on CE
40,0\ \O\, ] o‘b 4§\ \OV ] OQ\\ Sham Pio High vs. TBI Pio High 0.5833 -1.311 t0 2.477 No ns 944 C-F
'b& &Q &Q\&Q\ 0\Q @\Q\ 3 | TBI vehicle vs. TBI Pio Low 0.09091 -1.887 t0 2.089 No ns >.959 D-E
6‘(\ é‘(b 6(\@ AV 3 | TBI vehicle vs. TBI Pio High -1.629 -3.585 to 0.3078 No ns 148 D-F

TBI Pio Low vs. TBI Pio High -1.720 -3.656 to 0.2169 No ns 1 E-F
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5.2. Biochemistry

Tukey's multiple comparisons test Mean Diff. 95.00% CI of diff.
Sham vehicle vs. Sham Pio Low -0.5029 -3.959 t0 2.954

Sham vehicle vs. Sham Pio High 2.000 -1.210 to 5.209

Sham vehicle vs. TBI vehicle 1.878 -1.501 t0 5.253
Sham vehicle vs. TBI Pio Low 1.709 -1.688 to 5.088
Sham vehicle vs. TBI Pio High 0.9593 -2.210 to 4.209
Sham Pio Low vs. Sham Pio High 2.503 -0.8068 to 5.812
Sham Pio Low vs. TBI vehicle 2379 -0.9980 to 5.756
Sham Pio Low vs. TBI Pio Low 2212 -1.165 to 5.589
Sham Pio Low vs. TBI Pio High 1.502 -1.807 to 4.812
Sham Pio High vs. TBI vehicle 0.1224 -3.350 t0 3.103
Sham Pio High vs. TBI Pio Low 0.2508 -3.517 t0 2.935
Sham Pio High vs. TBI Pio High -1.000 -4.156 t0 2.155
TBI vehicle vs. TBI Pio Low -0.1674 -3.483 t0 3.128
TBI vehicle vs. TBI Pio High -0.8769 -4.103 t0 2.249
TBI Pio Low vs. TBI Pio High 0.7095 -3.935 to 2.517

5.2.1. Hippocampus analyses
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PGC1a/B-tubulin

Two-stage linear step-up procedure of

Two-stage linear step-up p d of
Sham Vehicle vs. Sham Low dose

ini, Krieger and

Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

ini, Krieger and
Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle

Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

q value

q value

Significant? Summary

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns

No ns
Mean Diff. Discovery?
-0.01761 No 671
-0.05188 No 380
0.07937 No 189
0.01607 No 671
-0.04030 No 483
-0.03427 No 542
0.09698 No 124
0.03367 No 542
-0.02269 No 671
0.1313 Yes 037
0.06795 No 217
0.01159 No 712
-0.06330 No 217
-0.1197 Yes 037
-0.05636 No 325
Mean Diff. |Discovery?
0.001001 No 538
0.01020 No 396
-0.05828 Yes 012
-0.04917 Yes 020
-0.04023 Yes 043
0.009195 No 396
-0.05928 Yes 012
-0.05017 Yes 020
-0.04123 Yes 043
-0.06847 Yes 012
-0.05937 Yes 012
-0.05042 Yes 020
0.009103 No 396
0.01805 No 291
0.008944 No 396

Adjusted P Value
868

Individual P Value
676
223
055
689
319

437
027

425
590
004
114
783
122
005
167

Individual P Value
960
610
004
014
042
659
006
017
046
002
006
016
633
346
639

A8
AC
A-D
AE
AF

A-B
A-C
A-D
AE
A-F
B-C
B-D
B-E
B-F
C-D
CE
C-F
D-E
D-F
E-F

A-B
A-C
A-D
AE
A-F
B-C
B-D
B-E
B-F
CD
CE
CF
DE
D-F
EF
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Iba1/B-tubulin

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose
TBI Vehicle vs. TBI High dose
TBI Low dose vs. TBI High dose

5 Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
5 | Sham Vehicle vs. Sham Low dose

7 Sham Vehicle vs. Sham High dose

3 Sham Vehicle vs. TBI Vehicle

) | Sham Vehicle vs. TBI Low dose

0 | Sham Vehicle vs. TBI High dose

1 = Sham Low dose vs. Sham High dose
2 Sham Low dose vs. TBI Vehicle

3 Sham Low dose vs. TBI Low dose

4 Sham Low dose vs. TBI High dose

5 | Sham High dose vs. TBI Vehicle

6 Sham High dose vs. TBI Low dose

7 Sham High dose vs_ TBI High dose

8  TBI Vehicle vs. TBI Low dose

9 TBI Vehicle vs. TBI High dose

0 | TBI Low dose vs. TBI High dose

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose
TBI Vehicle vs. TBI High dose
TBI Low dose vs. TBI High dose

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli

Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

Mean Diff. Discovery?

0.04974 No

-0.02474 No

-0.3229 Yes
-0.2907 Yes
-0.1762 Yes
-0.07448 No

-0.3727 Yes
-0.3404 Yes
-0.2260 Yes
-0.2982 Yes
-0.2659 Yes
-0.1515 Yes
0.03229 No

0.1467 Yes
0.1144 Yes

q value
148
228
<.001
<.001
001
087
<.001
<.001
<.001
<.001
<.001
005
201
005
017

Mean Diff. | Discovery? |q value
-0.003737  |No 458
-0.01263 No 307
-0.07813 Yes <.001
-0.04915 Yes 007
-0.03971 Yes 021
-0.008892 No 360
-0.07439 Yes <.001
-0.04541 Yes 014
-0.03598 Yes 031
-0.06550 Yes <.001
-0.03652 Yes 031
-0.02708 No 078
0.02898 No 058
0.03842 Yes 022
0.009437 No 350
Mean Diff. Discovery? |q value
0.1032 No 269
-0.03387 No 477
-0.3995 Yes 003
-0.2880 Yes 015
-0.09455 No 269
-0.1371 No 225
-0.5027 Yes <.001
-0.3912 Yes 004
-0.1978 No 084
-0.3657 Yes 005
-0.2541 Yes 036
-0.06068 No 393
0.1115 No 251
0.3050 Yes 012
0.1934 No 084
Mean Diff.  Discovery? |qval
-0.03357 No 250
-0.05443 No 237
-0.8610 Yes <.001
-0.7561 Yes <001
-0.4125 Yes 006
-0.02086 No 252
-0.8274 Yes <.001
-0.7225 Yes <.001
-0.3789 Yes on
-0.8066 Yes <001
-0.7016 Yes <001
-0.3581 Yes 012
0.1049 No A72
0.4485 Yes 004
0.3436 Yes 012

Individual P Value

366
651
<.001
<.001
002
198
<.001
<.001
<.001
<.001
<.001
009
537
008
035

Individual P Value

818
438
<.001
003
015
600
<.001
009
033
<.001
031
103
069

01

8

542

ue

A-B
A-C
A-D

AF
B-C
B-D
B-E

c-D
C-E

D-E
DF
EF

Individual P Value

351
758

<.001

010
370
238

<.001

001
080
002
027
582
292
007
073

Individual P Value

833
733
<.001
<.001
011
900
<.001
<.001
023
<.001
<.001
031
492
.006
030

A-B
A-C
A-D
AE
A-F
B-C
B-D
B-E
B-F
CD
CE
C-F
D-E
D-F
E-F



P-P38/Total P-38MAPK

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli

Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

5.2.2. Isolated CD11b specific analyses
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Two-stage linear step-up procedure of Benjamini, Krieger and
Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose
TBI Vehicle vs. TBI High dose
TBI Low dose vs. TBI High dose

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli

Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

Mean Diff.
-0.01992
-0.08311
-0.1692
-0.1464
-0.05743
-0.06320
-0.1492
-0.1264
-0.03752
-0.08604
-0.06324
0.02568
0.02280
0.1117
0.08892

Mean Diff.
-0.003763
-0.04003
0.1948
0.03014
-0.01988
-0.03627
0.1985
0.03390
-0.01611
0.2348
0.07017
0.02015
-0.1646
-0.2146
-0.05002

Mean Diff.
0.03113
0.002217
-0.1702
-0.08691
-0.04408
-0.02891
-0.2014
-0.1180
-0.07521
-0.1725
-0.08913
-0.04630
0.08333
0.1262
0.04283

Discovery?
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

Discovery?
No

No

Yes

No

q value
816
ATT
214
214
564
564
214
314
780
477
564
816
816
325
ATT

q value
737
676
035
676
676
676
035
676
676
035
630
676
068
035
676

Discovery? qvalue

No
No

316
666
<.001
037
213
319
<.001
008
056
<.001
037
213
040
006
213

Individual P Value
am
242
017
036
394
392
041
080
594
226
31
715
734
103
191

Individual P Value
958
573
012
671
TT9
609
011
633
820
003
327
776
.030
006
482

Individual P Value
392
951
<.001
025
230
426
<001
004
048
<.001
022
208
030
002
243

A-E
A-C
AL
A-E
A-F
B-C

B-E
B-F
CL
CE
C-F
D-E
D-F
E-F

AL
A
Al
At
AF
B«
Bl
Bt

C1L
Ct
C+
Dt
D-f
E+
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Conclusion

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose
TBI Vehicle vs. TBI High dose
TBI Low dose vs. TBI High dose

Two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli

Sham Low dose

Sham Vehicle vs. Sham High dose

Sham Vehicle vs. TBI Vehicle

Sham Vehicle vs. TBI Low dose

Sham Vehicle vs. TBI High dose

Sham High dose

TBI Vehicle

i | Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose

i Sham High dose vs. TBI Vehicle

i | Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose

i | TBI Vehicle vs. TBI Low dose

| TBI Vehicle vs. TBI High dose

| = TBI Low dose vs. TBI High dose

Sham Vehicle vs

Sham Low dose vs
! Sham Low dose vs

Two-stage linear step-up pi of B ini, Krieger and Yekutieli

Sham Vehicle vs. Sham Low dose
Sham Vehicle vs. Sham High dose
Sham Vehicle vs. TBI Vehicle
Sham Vehicle vs. TBI Low dose
Sham Vehicle vs. TBI High dose
Sham Low dose vs. Sham High dose
Sham Low dose vs. TBI Vehicle
Sham Low dose vs. TBI Low dose
Sham Low dose vs. TBI High dose
Sham High dose vs. TBI Vehicle
Sham High dose vs. TBI Low dose
Sham High dose vs. TBI High dose
TBI Vehicle vs. TBI Low dose

TBI Vehicle vs. TBI High dose

TBI Low dose vs. TBI High dose

significantly dampening inflammation.

activation following r-mTBI

Mean Diff.
-0.04893
-0.01391
-0.1980
-0.1753
-0.1251
0.03502
-0.1491
-0.1263
-0.07617
-0.1841
-0.1614
-0.1112
0.02277
0.07294
0.05017

Mean Diff.
-0.03140
0.01256
-0.1676
-0.1570
-0.09201
0.04396
-0.1362
-0.1256
-0.06061
-0.1802
-0.1695
-0.1046
0.01064
0.07561
0.06497

Mean Diff.
0.09454
0.7753
-1.745
-0.05520
0.4531
0.6807
-1.839
-0.1497
0.3585
-2.520
-0.8305
-0.3222
1.689
2.198
0.5083

Discovery? |qvalue
No 090
No 329
Yes <.001
Yes <.001
Yes 001
No 165
Yes <.001
Yes 001
Yes 024
Yes <.001
Yes <.001
Yes 003
No 257
Yes 027
No 090
Discovery? |qvalue
No 073
No 186
Yes <.001
Yes <.001
Yes <.001
Yes 033
Yes <.001
Yes <.001
Yes 010
Yes <.001
Yes <.001
Yes <.001
No 189
Yes 003
Yes 008
Discovery? |qvalue
No 601
No 076
Yes <.001
No 618
No 249
No 108
Yes <.001
No 558
No 330
Yes <.001
No 066
No 346
Yes <.001
Yes <.001
No 218

through PPARg or independent of PPARg (i.e. other off-target influence).

Future work will also explore novel time windows of opportunity to intervene.

Individual P Value
147
672
<.001
<.001
001
292
<.001
001
030
<.001
<.001
003
490
037
138

Individual P Value
225
621
<.001
<.001
002
096
<.001
<.001
026
<.001
<.001
<.001
675
007
018

Individual P Value
801
051
<.001
883
237
082
<.001
691
346
<.001
038
395
<.001
<.001
187

We reveal that Pioglitazone at high dose (500mg/kg in chow) demonstrates efficacy in our r-
mTBI model, restores learning and memory deficits and dampens inflammation.
We also reveal that PTEN deletion in microglia demonstrates efficacy in our r-mTBI model,

PPARg and PTEN could serve as a novel target against inflammation and microglial

Future work will be needed to determine whether Pioglitazone mediated its effects primarily
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acknowledgement of federal support (yes/no).

Nothing to report

Other publications, conference papers and presentations. /dentify any other
publications, conference papers and/or presentations not reported above. Specify the status
of the publication as noted above. List presentations made during the last year
(international, national, local societies, military meetings, etc.). Use an asterisk (*) if
presentation produced a manuscript.

Neurotrauma meeting 2019 (Poster) — Andrew pearson®, Fiona Crawford, Joseph Ojo.
Zileuton reduces neuroinflammation and glial pathology following repetitive mild TBI by
inhibiting proinflammatory bioactive lipid synthesis.

. Website(s) or other Internet site(s)
List the URL for any Internet site(s) that disseminates the results of the research activities. A
short description of each site should be provided. It is not necessary to include the
publications already specified above in this section.

Nothing to report (roskampinstitute.org website will highlight the results of our findings
once our two manuscripts planned for early 2022 have been accepted for publication).




o Technologies or techniques
Identify technologies or techniques that resulted from the research activities. Describe the
technologies or techniques were shared.

Nothing to report

o Inventions, patent applications, and/or licenses
Identify inventions, patent applications with date, and/or licenses that have resulted from the
research. Submission of this information as part of an interim research performance
progress report is not a substitute for any other invention reporting required under the
terms and conditions of an award.

Nothing to report

o Other Products
Identify any other reportable outcomes that were developed under this project. Reportable
outcomes are defined as a research result that is or relates to a product, scientific advance,
or research tool that makes a meaningful contribution toward the understanding, prevention,
diagnosis, prognosis, treatment and /or rehabilitation of a disease, injury or condition, or to
improve the quality of life. Examples include:
J data or databases;

physical collections;

audio or video products;

software;

models;

educational aids or curricula;

instruments or equipment,

research material (e.g., Germplasm; cell lines, DNA probes, animal models),

clinical interventions,

new business creation, and

other.

Nothing to report

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS
What individuals have worked on the project?
Provide the following information for: (1) PDs/Pls; and (2) each person who has worked at least one
person month per year on the project during the reporting period, regardless of the source of
compensation (a person month equals approximately 160 hours of effort). If information is unchanged
from a previous submission, provide the name only and indicate “no change”.



Example:

Name: Mary Smith

Project Role: Graduate Student

Researcher Identifier (e.g. ORCID ID): 1234567

Nearest person month worked: 5

Contribution to Project: Ms. Smith has performed work in the area of combined
error-control and constrained coding.

Funding Support: The Ford Foundation (Complete only if the funding

support is provided from other than this award.)

Name: Fiona Crawford (no change)

Project Role: PI

Researcher Identifier (eg orcip D): N/A

Nearest person month worked: 1.2

Contribution to Project: Dr Crawford directs all aspects of this project and provides
supervision on the overall approach and data interpretation for the experiments outlined in this
application. In particular, she will interact with all of the team members listed on this
application and provide full oversight as they implement the work proposed in this application,
including regular communication with the expert consultants.

Name: Joseph Ojo (no change)

Project Role: Co-PI

Researcher Identifier (eg orcip D): N/A

Nearest person month worked: 2.4

Contribution to Project: Dr. Ojo works alongside Dr. Crawford in directing all aspects
of this project and providing supervision on mTBI animal modeling, histopathological analyses
and data interpretation. He is responsible for overseeing all aspects of animal manipulation and
ensuring that the projects are executed in a timely fashion. He will also perform
histopathological assessments in both humans and animal models as described in the proposal.

Name: Andrew Pearson (no change)

Project Role: Graduate Student

Researcher Identifier (eg orcip D): N/A

Nearest person month worked: 12

Contribution to Project: A. Pearson will be involved in animal handling and surgical
procedures, as well as histopathological characterization and molecular analyses, such as
western blotting and ELISA. She will assist in all surgical procedures (primarily years 1 and 2)
and conduct histopathological analyses with the supervision of Dr. Ojo (primarily Years 2 & 3).




Has there been a change in the active other support of the PD/PI(s) or senior/key personnel
since the last reporting period?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

If the active support has changed for the PD/PI(s) or senior/key personnel, then describe what the
change has been. Changes may occur, for example, if a previously active grant has closed and/or if
a previously pending grant is now active. Annotate this information so it is clear what has changed
from the previous submission. Submission of other support information is not necessary for pending
changes or for changes in the level of effort for active support reported previously. The awarding
agency may require prior written approval if a change in active other support significantly impacts
the effort on the project that is the subject of the project report.

Nothing to Report

What other organizations were involved as partners?
If there is nothing significant to report during this reporting period, state “Nothing to Report.”

Describe partner organizations — academic institutions, other nonprofits, industrial or commercial
firms, state or local governments, schools or school systems, or other organizations (foreign or
domestic) — that were involved with the project. Partner organizations may have provided financial
or in-kind support, supplied facilities or equipment, collaborated in the research, exchanged
personnel, or otherwise contributed.

Provide the following information for each partnership:
Organization Name:

Location of Organization: (if foreign location list country)
Partner’s contribution to the project (identify one or more)

o Financial support;

o In-kind support (e.g., partner makes software, computers, equipment, etc.,
available to project staff),

o Facilities (e.g., project staff use the partner’s facilities for project activities),

o Collaboration (e.g., partner’s staff work with project staff on the project);

o Personnel exchanges (e.g., project staff and/or partner’s staff use each other’s facilities, work
at each other’s site); and

o Other.

Nothing to Report




8. SPECIAL REPORTING REQUIREMENTS

COLLABORATIVE AWARDS: For collaborative awards, independent reports are required
from BOTH the Initiating Principal Investigator (PI) and the Collaborating/Partnering PI. A
duplicative report is acceptable; however, tasks shall be clearly marked with the responsible PI and
research site. A report shall be submitted to https://ers.amedd.army.mil for each unique award.

QUAD CHARTS: [Ifapplicable, the Quad Chart (available on https.//www.usamraa.army.mil)
should be updated and submitted with attachments.

Please find the quad chart attached on the next page.

9. APPENDICES: Attach all appendices that contain information that supplements, clarifies or
supports the text. Examples include original copies of journal articles, reprints of manuscripts and
abstracts, a curriculum vitae, patent applications, study questionnaires, and surveys, etc.

Please find the quad chart attached on the next page.



Novel Therapeutic Target Identification through analysis of Convergent AD and TBI

Pathogenic Mechanisms

Log Number: AZ160110
W81XWH-17-1-0638

Pl. Drs Fiona Crawford / Joseph Ojo

Org: Roskamp Institute, Sarasota, FL

Award Amount: $800,000

Study Aim(s)
Aim 1: Validation of potential targets for therapeutic intervention in the
pathogenic TBI-AD interrelationship - eicosanoid signaling, PI3-kinase/Akt
/PTEN/mTORY/insulin signaling and RXR/PPAR pathway.
Aim 2: Chronic evaluation of the efficacy of three potential therapeutics
against the pathogenic TBI-AD interrelationship

Approach

i) Evaluate target engagement and efficacy in recovering normal
molecular profiles in TBI mice using compounds that modulate the TBI
and AD coincident molecular changes in a short-term (2wks) treatment
Paradigm

i) In vivo validation of therapeutic targets in mice with TBI using chronic
intervention (6-month treatment regimen) with the top three performing
compounds for three different targets from Aim 1 to evaluate the long-
term neurobehavioral, neuropathological and biochemical outcomes

iii)  Selection of downstream convergent tractable targets between the three
different compounds for further exploration.
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Accomplishment: Demonstrated PPARg and PTEN as novel anti-inflammatory targets to
mitigate against the negative consequences of r-mTBI.

Timeline and Cost

Activities CY 18 19 20/21
MAJOR TASK ONE OR AIM 1 '
MAJOR TASK TWO OR AIM 2 '
Estimated Direct Budget (500K) | $180K $150K | $170K

Last updated: (September 2017)

Goals/Milestones

CY17 Goal

M Obtain regulatory approval to begin animal studies

M Validate identified targets in mouse and human TBI/AD brains

CY18 Goals

M Initiate short treatment study to evaluate target engagement and efficacy

CY19 Goals

M Evaluate and select Top performing therapeutics for use in Aim 2

M Initiated chronic treatment study with the Top 2 performing compounds

CY20 Goal

M Completed chronic treatment study and evaluated the neurobehavioral,
neuropathological and biochemical outcomes

Comments/Challenges/lssues/Concerns

* 6-8 Mos behind schedule due to lag in time for ACURO review/COVID-19

» An eight month extension was requested and granted.

Budget Expenditure to Date

Projected Expenditure: $798,949.00 Actual Expenditure: $798,949.00
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