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Direct and Indirect Damage by Ionizing Radiation

Int J Mol Sci. 2017;18(12)

• Radiation can directly interact with cellular DNA and cause damage. 

• The indirect damage caused by the free radicals is derived from the ionization or 

excitation of the water component of the cells.



Cancer

Radiation

 Short-term side effects

 Resistance to radiation

 Normal tissue injury

 EMT, infiltration

 Long-term side effects

 Metastasis(aggressiveness)

 Recurrence

 Metabolic disease

 Emotional side effects

Possible Side Effects of Radiotherapy



Biological Effects and Normal Tissue Toxicity 
After Radiotherapy

Nat Rev Cancer. 2015;15(7):409-25

• Early biological events cause acute tissue effects, which are usually transient and normally

resolve within 3 months of completing treatment.

• Higher radiation dose per fraction seems to increase the severity of late adverse effects.



Tumor Recurrence After Radiotherapy

J Clin Invest. 2017;127(2):415-426

The survival of recurrence-initiating stem-like cancer cells that have acquired adaptive 

resistance to therapy after initial treatments, and their evolution into a recurrent tumor.

RISC : Radiation induced second cancers 



Radiation Effects on the Tumor Microenvironment

Nat Rev Cancer. 2015;15(7):409-25

Damage from ionizing radiation leads to effects on numerous cell types 

within the tumor microenvironment



Key Regulators Inducing Radioresistance

Hypoxia
Metabolism

miRNA 

regulation

DNA damage
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Immune and 

Inflammation
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Several pathways and their associated marker proteins are responsible for cancer 

radioresistance and their therapeutic implications in terms of cancer cell death of 

various types and characteristics are critical issues
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Key Regulators Inducing Radioresistance (1) : 
Metabolism

J Exp Clin Cancer Res. 2018;37(1):87

• The enzymes in the glycolytic 

pathway play an important role in 

the process of radioresistance

and can serve as targets for 

improving the efficacy of 

radiotherapy.

• In addition, HIF is able to activate 

glycolytic enzymes and promote 

the occurrence of radioresistance

by inducing cell autophagy and 

angiogenesis.



Key Regulators Inducing Radioresistance (1) : 
Metabolism

J Exp Clin Cancer Res. 2018;37(1):87

J Biomed Opt. 2017;22(6):60502

Mitochondrial metabolism and radioresistance

Metabolism-associated targets in radioresistance

and the radiosensitization methods

Radiation causes a decrease in the optical redox 

ratio, indicating increased glycolytic metabolism



Phosphoglycerate Mutase 1

TOM-derived PGAM1 inhibitors rescue FBP1 repression 

and IR-induced aggressiveness of GBM 

Purpurin Rubiadin Emodin
Alizarin

Key Regulators Inducing Radioresistance (1) : 
Metabolism

Oncogene (2018) [under review]



Emodin inhibited radiation-induced GBM aggressiveness in orthotopic

xenograft mouse models

Key Regulators Inducing Radioresistance (1) : 
Metabolism

Oncogene (2018) [under review]



Key Regulators Inducing Radioresistance (2) : 
Hypoxia

Nat Rev Cancer. 2015;15(7):409-25

Int J Nanomedicine. 2018:13 6049–6058

• Profound hypoxia promotes changes in

the proteome and genome.

• Genomic instability, in turn, promotes

dedifferentiation and progression of the

aggressive cancer genotype and

phenotype.

reducing SH-containing compound



Key Regulators Inducing Radioresistance (2) : 
Hypoxia

Int J Nanomedicine. 2018:13 6049–6058

J Bone Oncol. 2016;5(2):67-73

Hypoxia-induced autophagy is an additional mechanism in human osteosarcoma 

radioresistance



Key Regulators Inducing Radioresistance (3) : 
miRNA Regulation

Dis Markers. 2017;2017:8245345

It has been found that regulation of DNA damage repair, 

apoptosis, proliferation, and angiogenesis is often 

controlled by microRNAs in head and neck cancer

Head and Neck 
Cancers 

Radioresistance

Onco-miR

TS-miR



Key Regulators Inducing Radioresistance (3) : 
miRNA Regulation

Mol Ther. (2018) [In press]

Our findings indicated that low-dose radiation (LDR) treatment or 

LDR-induced miRNAs can be a new strategy to improve lung cancer radiotherapy



Key Regulators Inducing Radioresistance (4) : 
Tumor Microenvironment

Nat Rev Cancer. 

2015;15(7):409-25

• After radiotherapy, 

there are numerous 

potential targets 

within the tumor 

microenvironment 

(TME) the modulation 

of which may lead to 

radiosensitization

 Hypoxia targets

 Fibrosis and CAF 

targets

 Immune targets



Key Regulators Inducing Radioresistance (4) : 
Tumor Microenvironment

Nat Rev Cancer. 2015;15(7):409-25

Radiotherapy-mediated changes in the tumor microenvironment are interconnected



Key Regulators Inducing Radioresistance (5) : 
Cancer Stem Cells

Nat Rev Cancer. 2018 Sep 18. 

doi: 10.1038/s41568-018-0056-x. 

• In cancers, epigenetic reactivation of stem cell 

programms can promote propagation and 

progression to an aggressive state.

• The disruption of asymmetric division is one 

way in which cancer may progress to an 

aggressive state.

Epigenetic 
regulation



Key Regulators Inducing Radioresistance (5) : 
Cancer Stem Cells

Nat Rev Cancer. 2018 Sep 18. 

doi: 10.1038/s41568-018-0056-x. 

The parallels between EMT cells and CSCs raise the possibility that they represent 

overlapping concepts.



Key Regulators Inducing Radioresistance (5) : 
Cancer Stem Cells

Nat Rev Cancer. 2018 Sep 18. 

doi: 10.1038/s41568-018-0056-x. 

• The residual disease can be enriched in 

stem cell populations that can drive a 

more aggressive disease, triggering 

recurrence.

• CSCs utilize the tumor microenvironment 

for increased survival.



Key Regulators Inducing Radioresistance (6) : 
Immune and Inflammation

• Regulatory T cells express 

CTLA4, which has a higher 

affinity for CD80 and CD86 

than CD28 and thus 

effectively inactivates the 

co-stimulatory signal, 

leading to ineffective T cell 

activation.

• Overcoming this process 

with appropriate 

immunomodulation allows 

for the effective exposure 

of cancer cells to the 

immune system

Nat Rev Cancer. 2015;15(7):409-25



Key Regulators Inducing Radioresistance (6) : 
Immune and Inflammation

Cancer Cell. 2013;24(3):331-46

• Radioresistance can be induced in PN/CIMP-

GSCs by activation of NF-κB and downstream 

master TFs (STAT3, C/EBPb, and TAZ)

• MES GSCs are CIMP-, predominantly express 

CD44, are radioresistant, and exhibit constitutive 

activation of NF-κB and downstream master TFs.



Key Regulators Inducing Radioresistance (7) : 
DNA Damage Response

Clin Cancer Res. 2015; 21(13): 2898–2904

Single-strand breaks repair, double-strand breaks repair, non-homologous end-

joining pathways and alternative-end-joining repair



Key Regulators Inducing Radioresistance (7) : 
DNA Damage Response

Cancer Res. 2018;78(17):5060-5071

Radioresistant GSC demonstrate upregulation of DNA 

replication stress (RS) response markers, and 

exogenous RS generates radiation resistance in non-

GSC.



Key Regulators Inducing Radioresistance (7) : 
DNA Damage Response

Clin Cancer Res. 2016;22(1):20-5

• Radiation results in the upregulation of "find-me" and "eat-me" signals from tumor cells

• However, the influx of macrophage and MDSCs(myeloid derived suppressor cells) after 

radiation attenuates CD8+ T-cell responses to help tumor escape

“Cytosolic DNA sensing”



Key Regulators Inducing Radioresistance (8) : 
Autophagy

J Cell Sci. 2012;125(Pt 10):2349-58

• Autophagy can both inhibit 

and promote cancer 

formation through different 

mechanisms, depending on 

the stage of tumor

• Autophagy is frequently 

upregulated in cancer cells 

following treatment with 

conventional drugs or 

exposure to ionizing 

radiation



Key Regulators Inducing Radioresistance (8) : 
Autophagy

Br J Cancer. 2016;114(5):485-96

Radiat Oncol. 2017;12(1):57

• The interfering autophagy makes a difference in the treatment of gliomas and glioblastoma

• Autophagy improves radiotherapy efficacy through various autophagy signalling pathways 

in different cancer types
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Ways to Overcome Radioresistance

J Clin Invest. 2017;127(2):415-426

• Autophagy can both inhibit and 

promote cancer formation through 

different mechanisms, depending 

on the stage of tumor

• Optimal timing for each 

therapeutic option during the 

initial (primary treatment) and 

intermediate stabilization 

/remission period before 

recurrence) phases of therapy 

should be proposed



Ways to Overcome Radioresistance

The compounds in natural products are structurally more similar to human 

metabolites than approved drugs from DrugBank (i.e., less side effects)

Nat Biotechnol. 2015;33(3):264-8



Ways to Overcome Radioresistance

Sci Rep. 2016;6:21986

Danshensu reduces MAOB activity and 

attenuates NF-κB signaling to

elicit the radiosensitization of NSCLC
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