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RADIATION COUNTERMEASURES
Instantaneous Exposure at Detonation

Moderate Injuries (~2.5 miles)

* Rescue efforts in this range would be effective and
@R) enhanced with MCM

‘.1000-0 «  MCM would improve outcomes in this range

=?::z Limited to Minor Injuries (~6.5 miles)

7 =:'Z * Rescue efforts in this range would be effective
-0:3 + MCM would vastly increase operational time
ppe 0 *« MCM would improve outcomes in this range
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INCREASING INJURY SEVERITY

ARS’s MAJOR CLINICAL SUBSYNDROMES

>10 Gy
Neurovascular syndrome

Acute, delayed, late
and chronic effects

Also pulmonary
— and cutaneous

INCREASING EXPOSURE (DOSE) LEVELS >
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Radiation Sources for Studies
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Biomarkers

Radiation exposure dose assessment

FDA “Animal Rule”: Development of countermeasures where human
clinical trials are neither ethical nor feasible

MCM dose conversion from animal models to human

Countermeasure efficacy biomarkers:

1.

A ol o A

Induction should depend on the drug’s mechanism of action
Induced under irradiated and unirradiated conditions
Should express over a range of doses and correlate with survival
Responsive should be across multiple species.
Should be quantifiable by using readily available assays, in samples
obtainable by relatively non-invasive procedures
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Study Scheme for omics study and dysregulated

pathway/metabolites

A
Total body irradiation

Pre e—

6.0, 6.5, 7.0, 7.5, 8.0, and 8.5 Gy C

6 NHPs/dose, total 36

SD2
Baseline

sDe

8.5 Gy SD 1 Top pathways

Fatty acid activation

De novo fatty acid biosynthesis
Linoleate metabolism
Xenobiotics metabolism

Fatty Acid Metabolism
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Androgen and estrogen
biosynthesis and metabolism

Alanine and Aspartate Metabolism

Vitamin B3 (nicotinate and
nicoti ide) met
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and metabolism

hali

Arachidonic acid metabolism
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Exposure to radiation induces strong dysregulation
In metabolomic and lipidomic profiles in NHPs.
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PCA comparing chages of the proteomic profies - 8.5 Gy
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Temporal patterns of protein abundance for all radiation
doses as a function of time for a subset of proteins
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Validation of discovery proteomics data for a select
group of proteins using western blot analysis
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Development of a 4-analyte multi-omics
assessment of radiation exposure in

panel for
NHPs
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A dose-specific multi-omics biomarker panel to
redict the extent of exposure to gamma radiation
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US FDA approved countermeasures for ARS

Radiomitigators for H-ARS approved by US FDA

 G-CSF/Neupogen/filgrastim: March 2015

 PEGylated G-CSF/Neulasta/Pegfilgrastim: November 2015
« GM-CSF/Leukine/Sargramostim: March 2018
« TPO — Nplate/Romiplostim (A synthetic TPO agonist): January 2021

« All are repurposed and radiomitigators

« None as radioprotector

 Neupogen/Neulasta effective in NHPs only when used with full
supportive care

« May not be useful during mass casualty scenario

e Side effects

Uniformed Services University



Radiation countermeasures

*Medical countermeasures are being developed following US FDA Animal Rule.
*AFRRI has all possible radiation sources under one roof.

*We conduct studies from Discovery of MCM (with corporate partners) to phase
lIl equivalent large animal studies.

*We use various animal models from mice to nonhuman primates.

eLarge number of agents are under development: Small molecules, Biologicals,
Cellular products

WUSU
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Promising Radioprotectors under Advanced
Development

Identified and Patented at AFRRI
« Genistein - Soy isoflavone

« Gamma-tocotrienol — Vitamin E component

 Being developed in collaboration with corporate partners

 Currently studied in NHPs



B1O 300 Background

HO
Genistein

OH
Active ingredient (genistein) discovered as a potent radioprotectant by AFRRI

DOD was issued patents for use against lethal radiation and subsequently granted an

exclusive worldwide license to Humanetics Corporation

BIO 300 is in advanced development under 4 open INDs

FDA Fast Track and Orphan Drug designations for H-ARS

DOD has provided significant funding to Humanetics for development activities for ARS

Significant work continues at AFRRI

WUSU
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BIO 300 Key Attributes

HO
Genistein

OH

Proven oral efficacy as radioprotectant

Two oral and one intraparenteral formulations in development
Domestic GMP manufacturing established

Shelf stable with no special handling needs

Minimum 2-year shelf life

Robust safety profile demonstrated in human trials

Can be used “immediately” under IND Contingency Protocol (DoD) - Use will be

considered a clinical study and will help support future EUA and FDA approval

WUSU
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BIO 300: Nanoparticle Suspension Increases
Bioavailability and Dose Linearity
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Murine Efficacy Study

Three formulations:
—Oral suspension (BIO 300 OS)
—Oral powder (BIO 300 OP)
—Injectable suspension (BIO 300 IS)

« BIO 300 all formulations — 200 mg/kg/dose
 Neulasta 300 pg/kg, single dose, +24 h
« Radiation: 9.2 Gy (0.6 Gy/min), LD-3

Uniformed Services University



30-day survival of CD2F1 mice administered

BIO 300 IS, OP, OS, or Neulasta
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Microbiome Study: Experimental design BI1O 300

16 mouse x Vehicle Irradiation
16 mouse x BIO 300 OS 9.2 Gy (SD 0)
16 mouse x BIO 300 OP

A 4

-
1
1
1
I
1
I
1
i
1
1
1
1
i
1
i
1
|
——

1
i
w |
g
w |
1
I
I
1
i
1
v o
[ B |
=y
&
1
I
1
i
1
v o
Q2
w o
e
1
--I

1
i SD-7 sD-1 e e ;
e L L Rt ! Post-Irradiation
Pre-Irradiation |
| Untargeted LC-MS Metabolomic
Fecal pellet collection ¢ _— analysis

Metabolite Extraction

Fecal DNA Isolation
DNA Quantification

16S rRNA Amplicon Library

UPLC-TOF-MS
Metabolomic Profiling

Preparation

s

Library QC and Quantification

1

i lllumina MiSeq NGS
1

1

1

i

H QC, trim and filter reads
1

1

1

1

1

1

1

1

1

1

1

L

Assign taxonomy, reference
SILVA

.

Dereplicate, denoise and merge

paired end reads

WUSU

Anlmal Mlcroblome 371,2021 Uniformed Services University



Monitoring survival 30d post-irradiation of

three groups of mice
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Alterations in radiation-induced microbiome
diversity were alleviated by BIO 300 by day 14
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Prophylaxis treatment with BIO 300 restores
metabolic abundance dysregulated by irradiation

Pre Vehicle BIO 300A  BIO 300C Vehlcle BIO 300A  BIO300C Veh BIO 300A BIO 300C - —¢ BIO 300A vs. Vehicle at SD 14
Al H B! _ _ BIO 300C

L vs. Vehicle
i Il ML LT R s

O (O () 2-(OH)-Inosine

N I I
I . O ) 3-(OH)-stearic acid
II I II () @ O 3(0H)-1-Me-2,3-dihydroindole-5,6-dione
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Pathway analysis showing significantly
dysregulated pathway perturbations at day 3 and 14

A SD 3 Radiation dysregulated Top pathways B SD 14 Radiation dysregulated Top pathways

Glycerophospholipid metabolism * Glycerophospholipid metabolism

Arachidonic acid metabolism Tyrosine metabolism
Androgen and estrogen biosynthesis and

metabolism Fructose and mannose metabolism

Prostaglandin formation from dihomo gama-

linoleic acid Hexose phosphorylation

Vitamin B3 (nicotinate and nicotinamide)
metabolism

Starch and Sucrose Metabolism

Prostaglandin formation from arachidonate

Porphyrin metabolism
Carnitine shuttle

Vitamin H (biotin) metabolism
Tyrosine metabolism

. : Di-unsaturated fatty acid beta-oxidation
Lysine metabolism

Heparan sulfate degradation Ubiquinone Biosynthesis

Chondroitin sulfate degradation

0 0.5 1 1.5 2 25 3
-Log10 p-value

Glycine, serine, alanine and threonine metabolism

Leukotriene metabolism

* BIO 300 OS significantly protected pathway

1] 0.5 1 1.5 2 2.5 3 t BIO 300 OP significantly protected pathway
-Log10 p-value
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Pharmacokinetic Studies in NHPs

IM dosing = 50 mg/kg BI1O 300 IS
PO dosing = 100 mg/kg BIO 300 OS



Concentration (ng/mL)

Pharmacokinetic analysis of BIO 300:
Active Versus Total Drug Comparison

Non-glucuronidated (Active Drug)

25001 -¥- Genistein aglycone - PO
T —A— Genistein aglycone - IM

2000+

1500

1000+

500+

o

O O ™ N < 00 © & 0 N
o O

168

Hours Post Administration

Concentration (ng/mL)

Total Drug

-o—- Total Genistein - PO
- Total Genistein - IM

o

v o
N W
o o

48
72
168

Hours Post Administration

* Both routes of administration achieve blood levels to activate therapeutic target
e |IM administration results in higher blood levels of active drug

e |IM administration leads to blood levels resulting in sustained activation of target
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Metabolomics Studies in NHPs

IM dosing = 50 mg/kg BI1O 300 IS
PO dosing = 100 mg/kg BIO 300 OS



Compo

nent 2 (19%])

Partial Least Square-Discriminant Analysis (PLS-DA)
to determine longitudinal changes in metabolomic
profiles
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) Component 2 (12%)

o288k OXtD>OF
_'pm\lawgnna-;--ppc%

4
Component 1 (46%)

Component 1(16%)

ESI negative mode —

ESI positive mode —
Deprotonated molecules

Protonated molecule 15 time points —
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ANOVA analyses help delineate metabolites showing
common trend in both routes of administration

Changes during
2 - 7 days

Phenylalanine
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Box and whisker plot: Time dependent transient changes
In serum metabolite profiles that are unique to im

administration of BIO 300 in NHPs

Normalized Intensity
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Proteomic Study in NHPs

IM dosing = 50 mg/kg BI1O 300 IS
PO dosing = 100 mg/kg BIO 300 OS



Principal Component analysis (PCA) plot for
perturbation in proteins expression

Component 2 ( 14.2 %)

Scientific Reports 10:19343, 2020

Scores Plot

A im
+ po
+78 4118
+ 108
4114
A 19
+9266 + 70
92 1446
2243,
am A R
a8 44094 415 T
A18 A34 182 486
+68 T%79 Tos2e
A 16 + 90 A 48 54
Al4 A 9554 4110067
A3 Add A 55 A4_;_74 4+ 96 472
A 32 A1l2 M%
7 2
A% A 59 498 +§ e
102 &3
£ " M
Aélji% A8 e 41
A22 +81
am A% aam | FEL
A 8811 AS51
A 38 A5 A”éi‘) 469 A 57 +77 405
A13 s
240 N, = E .
%321 + 117
89
LS8 * A 37 A1
Ao A4l
A 43 A4s
I T T T | ]
4 2 0 2 4 6

Component 1 ( 7.1 %)

Rhesus macaque database

WUSU

Uniformed Services University



Volcano plots illustrating significantly dysregulated
proteins - Rhesus macaque database

@ NS @ Log 2 fold-change @ P value @ P value & Log 2 fold-change
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Trend lines of proteins that rapidly increase
30’ -2 h) following po or im
BIO 300

administration of
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Concentrations

Expression for proteins after oral as well as im

administration of BIO 300 —
Progressive increase (2-4hto 7d)
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Overall study design for metabolic study of
B1O 300 OP Iin NHPs

Session 1 BIO 300 OP Dose 100 mg/kg (n = 4 NHPs)
Session 2 BIO 300 OP Dose 200 mg/kg (n = 4 NHPs)



Summary of BIO 300 Oral Powder single
dose PK parameters in NHPs

Session 1 BIO 300 OP Dose 100 mg/kg (n = 4 NHPs)

Session 2 BIO 300 OP Dose 200 mg/kg (n = 4 NHPs) Total number of serum samples analyzed = 80

- Tmax Cmax AU CO-48 AU CO-inf
Dose Animals T12(h)
(h) (ng/ml) | (ng.h/ml) | (ng.n/ml)
Al 1.0£0.71 | 662.8+329.1 | 2481+822.2 | 2505+832.2 | 1.690.17
100 mg/kg Males 0.75+0.35 | 6335+326.0 | 2201+1304 | 2214+1315 | 1.56+0.01
Females 1.25+1.1 | 692.0+463.9 | 2761+120.9 | 27964942 | 1.830.11
Al 1.13+0.63 | 2867#3632 | 7645+3937 | 7649+3938 | 1.78+0.27
200 mg/kg Males 0.75+0.35 | 45045369 | 702646672 | 703046673 | 1.73+0.46
Females 15+0.71 | 1230+183.8 | 8268+676.7 | 8268+678.2 | 1.84+0.01

Sci Rep 12:13475, 2022 q—p U SU
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PK analysis of BIO 300 OP
(100 mg/kg and 200 mg/kq)

9,000 - —©—100 mg/kg
8,000 - : -{=-200 mg/kg
7,000
5,000 )

4,000+
3,000+ .

/Eg\\
2 000- ‘\
1.000- N
@

0 02505 1 2 4 8 12 24 48
Time (h)

Sci Rep 12:13475, 2022 ka U SU
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A 2D-PCA plot and Volcano plot

©® 025h ® 1h 2h 4h  ® 8h
05h ® 12h 24h ® 48h Pre 100 mg/kg 4 h vs. Pre

Time

@ Notsigp @ Log(base2)FC @ p-value @ p-value & Log (base 2) FC

PC2

Log, fold change
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A trend line of a subset of metabolites/lipids
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Pathway analysis at 4 and 8 h time points

Top pathways at 4 h

Lysine metabolism

Linoleate metabolism

Limonene and pinene
degradation

Saturated fatty acids beta- |

oxidation

Fatty Acid Metabolism -

Glycerophospholipid |

metabolism

Vitamin A (retinol) |

metabolism

Fatty acid activation -

De novo fatty acid |

biosynthesis

Sci Rep 12:13475, 2022

2 3
- Log10 P-value

Top pathways at 8 h

D4&E4-neuroprostanes...-
Selenoamino acid metabolism -
Beta-Alanine metabolism
Glycine, serine, alanine and...A
Urea cycle/amino group...1

Purine metabolism -

Fatty Acid Metabolism
Limonene and pinene...
Glycerophospholipid...

Vitamin A (retinol) metabolism

Fatty acid activation

De novo fatty acid biosynthesis
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B1O 300 IS: Efficacy against

Cobalt-60 gamma TBI in NHPs
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Gamma-tocotrienol

Naturally occurring isoform of vitamin E
Tocotrienols are currently in several clinical trials

Breast cancer, prostate cancer, and skin cancer

Tocotrienols

Cholesterol lowering properties: Inhibition of Hydroxymethylglulateryl Coenzyme A

reductase (HMGCR)
Reduces type Il diabetes

Anti-inflammatory and potent antioxidant
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GT3-induced changes in neutrophils and
platelets in irradiated NHPs (5.8 Gy)

Neutrophils (x102 cells/ul)
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GT3-induced changes in neutrophils and
platelets in irradiated NHPs (6.5 Gy)

100 - 1000
6.5 Gy -o-Vehicle
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GT3 impact on radiation-dependent miRNA levels In
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MIRs - extreme radiation-induced change by GT3 In
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Common and unique pathways identified in different
comparisons across TBIl and PBI

Healthy Vs. Vehicle

/(,Jell Cycle: G2M DNA Damage Checkpoint Reguiation
Role of BRCA1in DNA Damage Response

Role of CHK Proteins in Cell Cycle Checkpoint Control
Kinetochore Metaphase Signaling Pathway
Estrogen-mediated Sphase Entry
Q%&mediated Signaling

Healthy Vs. GT3

Cell Cycle: G2/M DNADamage -Checkpoint Reguiation
HGF Signaling Kinetochore Metaphase Signaling Pathway

M-GT3 Vs. F-GT3
VEGF Signaing

[I:]

Mol Ther Nucleic Acids 29: 310, 2022

.

T,
Common :
Pathways Healthy Vs. Vehicle .
) PTEN Signaling
Healthy Vs. Vehicle \ MSP-RON Signaiing In Macrophages Pathway
(PBKIAKT Signaling N\ \ AnhomdantA;hon of Vitamin C
IL-12 Signaling and Production in Macrophages | '\ L5 Producton
M- WNT/Ca+ pathway
Gap Junction Signaling .
FAK Signaing \\ Alpha-Adrenergic signaling )
Cardiac Hypertrophy Signaling (Enhanced) \
Natural Killr Cell Signaiing \
Pragesome Fomneion ) \ Healthy Vs. GT3
Ovarian Cancer Signaling, AMPK Signaling
Healthy Vs. GT3 | EBBetaGamma Signaing, Syneptogenesi Signalng Paﬂwag

J
GADD45 Signaling  FAK Signaling {,f
PD-1/PD-L1 pathway Phagosome Formation /
p53 Signaling ;f'

I

M-GT3 Vs. F-GT3 /_/ M-GT3 Vs. F-GT3
EIF2 Signaling / [Slpemxide Radicals Degradaﬁon)
Regulation of elF4 & p70S6K Signaling

PBI
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