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Background

Large-scale radiation exposure events in history have shown that
irradiated victims are also often subjected to other trauma such as
wounds, burns, hemorrhage, or infection.

Preparedness for medical responses to major radiation accidents
and increasing threat of nuclear warfare worldwide necessitates an
understanding of the complexity of combined radiation injury (Cl)
and

ldentifying drugs to treat ClI.

Biomarkers that remain the same changes between Cl and radiation
alone are inevitably critical for biodosimetry and triage.



Percentage of victims exposed to atomic bombs
with numbers of injury

Little Boy-U%3° Fat Man-Pu?3°

Hiroshima, Aug 6, 1945 Nagasaki, Aug 9, 1945
(N =5185) (N =4107)
Single injury 60.5 % 57.5%
Two injuries 34.5% 37.1 %

Three injuries 5.0% 52 %

Data from Joint Commission of USA and Japanese Physicians
collected from victims exposed to 20-KT fission devices (1946).
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Mouse Model for Combined Injury Studies
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Cl: Poly-organ Hit g

Hematopoietic ARS Gl ARS (< 7 days)

~ |t

STeg8 3 S C| Acute Radiation Syndrome |

O\

Immunodeficiency
(<1 day then >25 days)

Kiang and Olabisi, Cell Biosci 9:25, 2019, PMID: 30911370, PMCID: PMC6417034
Kiang and Blakely, Intl J Radiat Biol 1-11, 2023, PMID: 36947602, PMC: PMC10947598



Cl: Poly-signaling Hits
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FDA-approved Drugs/Agents Are Not Effective to Treat CI

Rl Mitigators — (H-ARS)
* Neupogen (G-CSF)
* Neulasta (peg-G-CSF)
* Leukine (Gm-CSF)
* Nplate
e Stimufend (peg-fpgk)
 Udenyca (peg-cbqv)
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Drugs/Agents that Mitigate Combined Injury

Cl Mitigators —
Mesenchymal Stem
cells
Ghrelin: hunger
hormone
Alxn4100TPO: TPO
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Cl Depletes WBCs More Than Rl on Day 1 and Day 2
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Cl Depletes LYM More Than Rl on Day 2
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Cl Depletes EOS and BASO More Than Rl on Day 2

EOS (x106° cells/mL)
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Cl Depletes RBCs More Than Rl on Days 3-15

—
Q
—

RBC (x10° cells/mL)

(Y

OFR NWAUONO®OOO

-© -Sham —A—Hemo —=— Rl ——CI

(b) OSham EHemo ERI ECI
10

P @
RBC (x10° cells/mL)
H

0 5 10

Days after Rl or CI

—
O
N

90
80
70
60

40
30
20
10

% RBCs depletion

50 |

15 3D 7D 15D
Days after Rl or Cl

y=4.7266x+7.3365 _ -
R?=09 _ .°

o Rl @Cl . <

y = 3.4373x + 2.594
R?=0.9

5 10 15
Days after Rl or CI

Kiang et al. 2024 PMID: 38474235; PMCID: PMC10932428



Cl Depletes Hemoglobin More Than Rl on Days 3-15
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Cl Depletes Hematocrits More Than Rl on Days 3-15

HCT (%)
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Hemorrhage Increases Platelets More Than Rl and Cl on Days 3-7
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Biomarkers for Triage
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A Biomarker Panel for Triage including IL-18, IL-6, IL-17A, TNF-a, and EPO
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Biomarkers for Biodosimetry (no Disparity between Rl and Cl): miR-34a

miR-34a Fold change
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Biomarkers for Biodosimetry (no disparity between RI and Cl): FIt-3 ligand and CD27
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Effect of CI (radiation plus wounding) on radiation dose prediction accuracy

Multivariate algorithm
using proteomic plasma
biomarkers (i.e., CD27,
FIt-3L, GM-CSF, CD45, IL-
12, TPO) used to assess
radiation dose that are
negligibly affected by
wounding.

Kiang and Blakely. 2023;
PMID: 36947602;
PMCID: PMC10947598
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Take Home Messages

» For triage, WBCs, RBCs and platelets are biomarkers to
distinguish a victim apart from sham, irradiation only, or
combined irradiation with other trauma.

» Erythropoietin, IL-1B, IL-6, IL-17A, and TNF-a can be a
supplemental support to blood cell data.

» For radiation dose assessment, Flt-3 ligand, CD27, miR-
34a, GM-CSF, CD45, IL-12, and TPO are biomarkers that
display no disparity between radiation alone and Cl.
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