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Biodosimetry through small molecules
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Mice Nonhuman primates (NHPs)
Urine Serum Urine
Increased Decreased Increased Decreased Increased Decreased Increased Decreased
Citrate a-Ketoglutarate Carnitine Citrulline Carnitine Xanthine Leucine Serine
Taurine Succinate L-Alanine Fumarate Acetylcarnitine Glycine Isoleucine Alanine
Uric acid Citrate Glutamic acid Sphinganine Butyrylcarnitine Methylsuccinic acid Arginine Asparagine
Nicotinate Hippuric acid Malic acid 9-HOTrE Taurine Phenylacetic acid LysoPC(20:4) Valine
Xanthine 2-Oxoglutaric acid Riboflavin 5-HEPE Cortisone Citric acid LysoPC(22:6) Proline
Xanthosine 4-Pyridoxic acid Sphingosine 14,15-DIHETE Cortisol Malic acid PC(16:0/22:6) Tyrosine
Allantoin Kynurenic acid Sphingosine-1P 17,18-DIHETE Hypoxanthine cis -Aconitic acid SM(18:2/18:0) Hypoxanthine
Hexanoylglycine Xanthurenic acid Ceramide Oleic acid Xanthosine Succinic acid Linoleic acid Taurine
Glutaric acid Pantothenic acid Sphingomyelin alpha-Linolenic acid Xanthurenic acid Isocitric acid Arachidonic acid Lysine
Acetylcarnitine Inosine GlcCer(d18:1/24:1) Linoleic acid Kynurenic acid Lactic acid Carnitine Aspartic acid
Deoxyuridine L-Arginine GlcCer(d18:1/16:0) Creatine Palmitic acid Propionylcarnitine Threonine
Uridine Glutamine TXB2 Propionylglycine Acetylcarnitine PC(18:0/20:2)
PGF2a Hippuric acid Butyrylcarnitine LysoPC(14:0)
12-HETE Valerylcarntine Betaine
8-HETE Xanthine Tetradecadienylcarnitine
Arachidonic acid Creatine Octadecadienylcarnitine
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Uric acid Octanoylcarnitine Ubiquinone Q2 9-HOTTE (24h)
Proposed biomarkers from Xanthine MG(18:1) 13-HODE (24h)
Untargeted and targeted approaches e AR
Palmitic acid 12-HETE (24h)
Palmitoleic acid 11-HETE (24)
Literature on photons Oxalic acid
Linoleic acid
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9(10)-EpOME (6h)
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Day 1 Day 3

| Gamma '¥'Cs or x-rays I;l Days after exposure r. LDso,r:m =8 Gy
Sham, 2, 8, or 13 Gy All samples collected after exposure
Day 1

: Gamma *Co v Days after exposure B LDsos0 = 6.5 Gy

A.Pre and 4 Gy A. Samples collected pre and after
B.5.8, 6.5, or 7.2 Gy B. Samples collected after exposure

Rhesus macaques
~6 hrs ~24 hrs

Gamma "Csorx-rays Hours after exposure . . LDsg;30= 4-5 Sv

I II | I
A. Pre, 1.25 or 3x1.25 Gy Baseline collected pre-exposure

B. Pre, 2 Gy single fraction
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Mice — NHP’s — Humans - Serum
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Mice - 6 biomarker panel
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Group Neutron Gamma ray Neutron

CI as S i fi C at i O n b y % Of n e u t r O n S designation dose dose  XTaydose  Total fraction

C (Sham) 0 0 0 0 Gy 0%
. X 0 0 3 Gy 3 Gy 0%
In total dose — serum D7 T R B R
Lesend Mixed field 3Gy
B 10% 0.3 Gy 0.06 Gy 2.67 Gy 3 Gy 10%
Wi N 20% 0.6 Gy 0.12 Gy 2.28 Gy 3Gy 20%
30% 0.9 Gy 0.18 Gy 1.92 Gy 3 Gy 30%
M2 10%
W3 20% Note: Doses are physical doses
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21, 28 (1M), and 60 (2M)
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VA

Collections: Identified age matched
20M, 22M, controls from other
24M cohorts in the same facility
As of June 2023:

e 2/8 deceased
o 1 with Type Il diabetes
o 1 with unexplained weight loss
6/8 hypertension
1/8 abnormal rhythm
1/8 murmur
3/8 dermatitis
2/8 hepatic lesions
4/8 kidney abnormalities
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Table 1: Biomarkers for metabolomic fingerprinting

Urine HMDB ID m/z ppm error |Adduct Ret. Time | Fragment 1|Fragment 2 | Fragment 3
Propionylcarnitine HMDBO0000824 218.1389 1 [M+H]+ 0.44 159.0663 85.0293
Xanthurenic acid HMDB0000881 206.0451 2 [M+H]+ 0.9 160.0394 132.0444
Carnitine HMDBO0000062 144.1026 1 [M+H-H20]+ 0.3 103.0405 85.0297
Uric acid HMDB0000289 167.0209 1 [M-H]- 0.3 124.0139 96.0188
. Citric acid HMDB0000094 191.0195 1 [M-H]- 0.33 111.0079
20 urinary Hypoxanthine HMDB0000157 135.0302 8 |IMHI- 0.3 92.0247]  65.0139
biomarke rs Taurine _ HMDB0000251 124.0077 3 [M-H]- 0.28 79.9565
Pantothenic acid HMDB0000210 218.1031 1 [M-H]- 0.62 146.0811 88.0395
Hexanoylglycine HMDB0000701 172.0975 2 [M-H]- 3.02 128.8746 99.9259 74.0241
Xanthine HMDB0000292 151.0261 0 [M-H]- 0.33 108.0195 65.9989
Xanthosine HMDB0000299 283.068 1 [M-H]- 0.4 151.0254 108.0196
Methylmalonic acid HMDB0000202 117.0189 4 [M-H]- 0.4 99.9256 83.9309
Pyridoxic acid HMDB0000017 182.0456 2 [M-H]- 0.4 138.0555 108.0449
cis-aconitic acid HMDB0000072 173.0088 2 [M-H]- 0.32 129.0171 111.0084 85.0289
Oxoglutaric acid HMDB0000208 145.0141 1 [M-H]- 0.33 101.0229 73.0312
Glutamic acid HMDB0000148 146.0456 2 [M-H]- 0.3 128.0359 102.0543
Malic acid HMDBO0000744 133.014 2 [M-H]- 0.32 115.003
Azelaic acid HMDB0000784 187.0972 2 [M-H]- 4.4 187.0975 125.0969
Alanine HMDB0000161 88.0401 3 [M-H]- 0.62
Fumaric acid HMDB0000134 115.0034 2 [M-H]- 0.33 71.0101
Serum HMDB ID m/z ppm error |Adduct Ret. Time mzl mz2 mz3
Carnitine HMDBO0000062 162.1133 5 [M+H]+ 0.28 103.0397 85.029
Acetylcarnitine HMDB0000201 204.1236 3 [M+H]+ 0.3 145.0502 85.0291
Eicosapentaenoic acid HMDB0001999 325.2123 5 [M+Na]+ 8.2 267.2066 91.0546
10 serum Hypoxanthine HMDB0000157 135.0303 7 [M-H]- 0.31 92.0249 65.0142
b | oma rke rs Uric acid HMDB0000289 167.0206 3 [M-H]- 0.3 124.0204
Citric acid HMDB0000094 191.0188 5 [M-H]- 0.44 111.0082
Malic acid HMDB0000744 133.0133 7 [M-H]- 0.33 115.0026
Taurine HMDB0000251 124.007 3 [M-H]- 0.28 79.9557
Sphinganine-1-phosphate HMDB0001383 380.2563 2 [M-H]- 7.04 340.9851| 315.2535 78.9588
Methylmalonic acid HMDB0000202 117.0188 5 [M-H]- 0.35 83.9311
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Urine - 20 biomarkers

e | = 4 =
- - -
e 7| a7 =}
T I
B El
H ; s .
£ 51 ER £ S
g g
g g2
-4 Area under the curve (AUC) = 0.922 Area under the curve (AUC) = 0.902 a Area under the curve (AUC) = 0.903
- -
=2 - < = =
£z z £z
g g
2 2
« ]
o o o
g b 3
—_— —_— —_—
2 . 2 . g -
0.0 0.2 04 06 08 1.0 0.0 02 04 0.6 08 10 0.0 02 0.4 06 08 1.0
1-Specificity (False positive rate) 1-Specificity (False positive rate) 1-Specificity (False positive rate)
-
erum - 10 biomarkers
o o -
3 2 3
T =
B El
. m s .
£ S ER 3
H H
] Asea under the curve (AUC) = 0.958 Area under the curve (AUC) = 0.909 ] Area under the curve (AUC) = 0.902
(= 950 CI: 0.867-1 95% CI1: 0.761-1 = 95% CI- 0.778-1
- -
= - - 4 = -
i 3 £z
g g
g z
2 2
3 H
o o o
g b 3
| _— —_—
— — —
o . o . - .
g g g
0.0 0.2 04 06 08 10 00 02 04 06 08 10 0.0 02 04 06 08 10

1-Specificity (False positive rate)

Pre vs D1

Submitted for publication

1-Specificity (False positive rate)

Pre vs D7

1-Specificity (False positive rate)

Pre vs 1 month

Sensitivity (True positive rate)

Sensitivity (True pasitive rate)

08

0.8

0.4

0.2

0.0

08

0.8

0.4

0.2

0.0

nder the curve (AUC) = 0.886

0.654-1

' AUC =0.886

00 02 0.4 06 0.8 10

1-Specificity (False positive rate)

Area under the curve (AUC) = 0.912

' AUC =0.912

0.0 02 04 06 08 10

1-Specificity (False positive rate)

Pre vs 2 months

GEORGETOWN_ UNIVERSITY




But what about age? Used age matched controls
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