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• Background / Introduction

• Animal model: RI+Skin-wound CI and survival, 

• Survival, wound healing and weight loss

• Bone marrow histopathology

• GI histopathology

• Underlying mechanisms

• Medical countermeasures (MCMs)

• Biomarkers for triage

• Biomarkers for biodosimetry

Outline



• 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 (CI) 
and 

• Identifying drugs to treat CI. 
• Biomarkers that remain the same changes between CI and radiation 

alone are inevitably critical for biodosimetry and triage.  

Background



Little Boy-U235
Hiroshima, Aug 6, 1945

Fat Man-Pu239
Nagasaki, Aug 9, 1945

(N = 5185) (N = 4107)
Single injury 60.5 % 57.5 %
Two injuries 34.5 % 37.1 %

Three injuries 5.0 % 5.2 %

Percentage of victims exposed to atomic bombs 
with numbers of injury

Data from Joint Commission of USA and Japanese Physicians 
collected from victims exposed to 20-KT fission devices (1946).

Kiang and Blakely. 2023 PMID: 36947602; PMCID: PMC10947598



Co-60 radiation
0.4 Gy/min

B6D2F1/J female mice, 12-20 wks old

15 % dorsal 
skin-wound or burn

20% hemorrhage
Bacterial inoculation

Wound healing 
Body weight

Cytokine
Infection
Survival



Combined Injury Models
A. In vivo
• Radiation + Wound
• Radiation + Burn
• Radiation + Hemorrhage
• Radiation + Infection
B. In vitro
• Radiation + Scratch
• Radiation + Burn 

A B

C

CI Hallmarks 

CI 15%

RI 65%

Su
rv

iv
al

 (%
)

Bo
dy

w
ei

gh
t (

g)
W

ou
nd

 s
ize

 (m
m

2 )

CI

RI

CI

W

60Co-γ (n/n+γ)=0.94

9.63
8.20

7.61

3.93 3.52
3.05

B6D2F1 mice
9.75 Gy + wound

Kiang and Blakely. 2023 PMID: 36947602; PMCID: PMC10947598



CI: Poly-organ Hit  

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  

Hematopoietic ARS
(< 1 day)

GI ARS (< 7 days)

Immunodeficiency
(<1 day then >25 days)

Cranial ARS (>10 days)

CI Acute Radiation Syndrome

Day 13



CI: Poly-signaling Hits

Kiang and Olabisi, Cell Biosci 9:25, 2019, PMID: 30911370, PMCID: PMC6417034
Kiang and Blakely, Intl J Radiat Biol 1-11, 2023, PMID: 36947602, PMCID: PMC10947598   
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FDA-approved Drugs/Agents Are Not Effective to Treat CI

RI Mitigators – (H-ARS)
• Neupogen (G-CSF)
• Neulasta (peg-G-CSF)
• Leukine (Gm-CSF)
• Nplate
• Stimufend (peg-fpgk)
• Udenyca (peg-cbqv)

Kiang and Blakely, Intl J Radiat Biol 99(7):1055-1065, 2023, PMID: 36947602, PMCID: PMC10947598   



Drugs/Agents that Mitigate Combined Injury

CI Mitigators –
• Mesenchymal Stem 

cells
• Ghrelin: hunger 

hormone
• Alxn4100TPO: TPO 

receptor agonist
• Ciprofloxacin: IL-3 and 

RBC promoter 
• Neulasta+Alxn4100TPO

CI Radioprotectant –
• L-histidine

Days after CI
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Hemorrhage Radiation 

4-5 hr

Day1

Day2

Day 3

Day 7

Day 15

WBCs normal
RBCs low

Platelets up

WBCs normal
RBCs normal
Platelets up

WBCs normal
RBCs normal
Platelets up
WBCs normal
RBCs normal

Platelets normal

Neutrophils up
Monocytes low

Platelets low

WBCs lower
RBCs low

Platelets normal

WBCs lower
RBCs low

Platelets normal

WBCs low
RBCs lower

Platelets normal

WBCs low
RBCs lower

Platelets low

WBCs low
RBCs lower

Platelets low

Neutrophils low
Monocytes low
Platelets normal

WBCs low
RBCs normal

Platelets normal

WBCs low
RBCs low

Platelets low

WBCs low
RBCs low

Platelets normal

WBCs low
RBCs low

Platelets low

WBCs low
RBCs low

Platelets low

Neutrophils up
Monocytes up
Platelets low

WBCs low
RBCs low

Platelets normal

Biomarkers for Triage

Kiang et al. 2024 PMID: 38474235; PMCID: PMC10932428
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A Biomarker Panel for Triage including IL-1β, IL-6, IL-17A, TNF-α, and EPO



0

2

4

6

8

10

12

m
iR

-3
4a

 F
ol

d 
ch

an
ge

*

*

* *

*

* *

*^

Kiang and Blakely. 2023 PMID: ; PMCID:

Biomarkers for Biodosimetry (no Disparity between RI and CI): miR-34a 



0

1,000

2,000

3,000

4,000

5,000

6,000

0 1 2 3 4 5 6 7 8

[C
D

27
] (

pg
/m

L)

Time (Days)

Biomarkers for Biodosimetry (no disparity between RI and CI): Flt-3 ligand and CD27 

Kiang et al. 2017 PMID: 28934227 PMCID: PMC5608216
Kiang and Blakely. 2023; PMID: 36947602;
PMCID: PMC10947598



Multivariate algorithm 
using proteomic plasma 
biomarkers (i.e., CD27, 
Flt-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

Effect of CI (radiation plus wounding) on radiation dose prediction accuracy



 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-1β, IL-6, IL-17A, and TNF-α 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 CI. 

Take Home Messages



1. Kiang JG, Blakely WF. Int J Radiat Biol 99(7): 1055-1065, 2023. PMID: 36947602, 
PMCID:PMC10947598   

2. Kiang JG, Woods AK, Cannon G. Int J Mol Sci 25:2988, 2024. PMID: 38319684 
PMCID: PMC10932428
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