
Seonyoung Nam, Ph.D
Radiation Health Institute, KHNP

2025. 5. 21.

A view on the LNT model
based on radiobiological studies



Dose-response models for the effects of low dose radiation
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Radiation effect on biological response (Ref 2011-2018)
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DNA damage repair mechanism
• One million DNA alterations per cell per day from natural endogenous oxidative 
metabolism and environmental exposures, which is efficiently repaired (Lodish et al., 
2004; Branzei et al., 2008; Tharmalingam et al., 2019)

- 10,000 oxidative damages/cell/day
- 10,000 apurination or apyrimidination damages/cell/day
- 55,200 single stranded breaks(SSBs)/cell/day
- 10~50 double strand breaks(DSB)/cell cycle

Molecular and Cellular Phenotypes of LDR

“Environmental gear selection” : DNA damage repair pathway evolution

Huang and Zhou, 2021



DNA damage repair mechanism

• DNA damage by LDR seems to be cell type and strain specific (Tubiana et al., 2009; 
Asaithamby et al., 2009; Rothkamm et al., 2003)

• DNA damage at a very low dose rate is unnoticeable compared to controls
• Molecular mechanisms utilized by LDR to prevent cells

Molecular and Cellular Phenotypes of LDR

- Repair of damaged DNA
- Removal of damaged cells via apoptosis
- Cell cycle arrest 

Fig. Repair/removal of LDR induced DNA
damage

(Tharmalingam et al., 2019) 

“The ratio of metabolic DNA damage to radiation-induced DNA damage 
by 1 mGy/year natural background radiation : ~ about 10 million”



Genomic instability 
: the biological effect of Radiation

Genomic instability on LDIR is still controversial.
It has been reported that NO genomic instability under  100 mGy of 

radiation.

Cytogenetic aberrations in coded metaphase preparations 
obtained from mouse bone marrow 30 days post-irradiation

Radiat. Res. (2011) 175(3):322-327



DNA damage in peripheral blood mononuclear cells of 
individuals from high level natural radiation areas of Kerala

Jain et al., 2016

• 91 random volunteers 
• Level of background radiation : 
1.0 mGy/y to 45.0 mGy/y

• gamma-H2AX assay to estimate 
DNA DSBs in PBMCs of 
individuals 

Fig. Distribution of γ-H2AX foci for background radiation dose



Antioxidative function
• Low dose radiation stimulates protection from oxidative damage. LDR promotes 
adaptive responses that upregulate antioxidative systems (Scott and Tharmalingam, 2019; 
Tharmalingam et al., 2019).

• LDR reduced ROS production due to enhanced expression of antioxidative enzymes 
(Nabil et al., 2016).

Fig. Model for radiation-induced reactive oxygen species (ROS) 
production in RAW264.7 cells 

Molecular and Cellular Phenotypes of LDR

(Scott and Tharmalingam, 2019)



LDR inhibits KRAS induced cellular transformation 

via anti-oxidants and ROS regulation
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To be published in IJRB

▶ Low-dose ionizing radiation of 0.05 Gy extends the lifespan and survival 
rates under H2O2-induced oxidative stress conditions by controlling ROS 
levels via AKT activation.
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Adaptive response : Cell survival
• Low-dose radiation stimulates selective apoptosis of neoplastic transformed cells. 
Thus, the dose-response relationship for neoplastic transformation has been found 
to be hormetic (Bauer, 2011).

• The reduction in transformation relative risk (RR) at low doses is related to the 
protective processes (ex, DNA damage repair and apoptosis of transformed cells) 
that operate at the molecular, cellular, and tissue levels (Bauer, 2007).

• The LNT model for cancer induction is not supported by radiobiological data (Scott 
and Tharmalingam, 2019)

Molecular and Cellular Phenotypes of LDR

(Iavicoli et al., 2023)

Fig. Hormetic model for radiation risk



D1 – 75 mGy
D2 – 2, 4 and 6 Gy

Yu et al., Contemp Oncol(Pozn), 2013

Cell survival
Cancer cells Normal cells

DNA damage

Different responses of tumor and normal cells to low-dose radiation

Normal cell specific 
adaptive response!
Normal cell specific 
adaptive response!
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Low-dose radiation promotes cell proliferation

• Low-dose radiation induces CLK2 
phosphorylation via AKT activation and 
promotes cell survival

• In normal cells lacking basal AKT activity, 
chronic low-dose radiation increases 
activation of the ERK pathway, which plays 
an important role in the adaptive response 
to radiation. 

Nam et al., JBC, 2010; EJCB, 2015
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Ionizing radiation activates cell protective molecules

Nam et al., EJCB, 2009; IJRB, 2013



The effects of low-dose radiation in in vivo models

Nam et al., JRR 2015; Bio. Open, 2019

• Chronic low-dose γ-irradiation of Drosophila 
melanogaster larvae induces gene 
expression changes and enhances 
locomotive behavior

• Low-dose radiation alleviates Aβ42-
induced cell death via regulating AKT and 
p38 pathways in Drosophila Alzheimer’s 
disease models
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Adaptive responses by LDR and related molecular changes



Immunological activity
• Low radiation doses and dose rates can attenuate an ongoing inflammatory 
process and this strategy has been used in treating inflammatory and degenerative 
diseases (Frey et al., 2015).

• LDR leads to immune system boosting and local tumor control (B. R. Scott and S. 
Tharmalingam, 2019).

Molecular and Cellular Phenotypes of LDR

Immune system components modulation by LDR 
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• While high doses of 
radiation suppress the 
immune system, low doses 
and dose rates can stimulate 
anticancer immunity which 
can aid in cancer prevention 
(Liu et al., 2007; Liu, 2003; Ren, et al., 
2006; Janiak et al., 2017). 



Transcriptome analysis of low-dose ionizing radiation-impacted genes in CD4+ 
T-cells undergoing activation and regulation of their expression of select cytokines

Fig. Overview of transcriptome analysis 

Fig. LDIR effects on cytokine gene expression 
in CD4+ T-cells undergoing activation. 

Fig. Model for LDIR-regulated cellular functions

Cho et al., JIT, 2019



The effects of low-dose radiation in immunological activity

The Regulation of Lympho-proliferation 
of B Cells and its Signaling Pathway

LDIR increases cell proliferation of B lymphoblast and 
splenocytes. 

LDIR-specific phosphorylation regulates cell 
proliferation and cell cycle progression of B cells
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• Histamine release 
• Cytokine production
• IgE-mediated signaling
• Ca2+ mobilization

< Mouse model > 

• IgE-mediated passive cutaneous anaphylaxis
• IgE-mediated late-phase cutaneous model

Low-dose 
Radiation

Allergic Response Inhibition
Kim et al., JBC, 2012; Plos one, 2015; Sci. Rep. 2019

Effects of low-dose radiation on the allergic response



The effects of low-dose radiation on rheumatoid arthritis

A B

C

Preventive model

• Prevenve effects : IgG↓, 
inflammatory cytokines(IL-1ß, TNF-α, )↓
Clinical score↓, Incidence↓

• Therapeuc effects : IgG↓, 
inflammatory cytokines(IL-1ß, IL-6)↓
Clinical score↓

A B

Therapeutic model

C



Low Dose Radiation : A Link to Radiation Hormesis?
Kabilan et al., Int. J. Mol. Sci., 2020

• de novo protein synthesis 
• translational reprogramming
• DNA damage signaling control
• Radiation hormesis phenotype

Low Dose Radiation:



Clinical Trials : Therapeutic potential of LDR
against cancer, dementia, and diabetes

Fig. Restoration of appetite of 
patient with Alzheimer disease(AD)
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Summary : Biological response of radiation dose
Drosophila in vivo models



• Adaptive or defense responses (such as DNA damage repair, 
antioxidative function, and immune activation)

• Depends on the type of radiation, doses and dose rates, cell- or tissue-
type etc.

• These protective systems play an important role in the final biological 
phenotype after LDR exposures.

▷ Natural defenses mechanism after exposure to low-dose radiation

Summary : Biological Effects of Low-dose Radiation

• The LNT model dose not fully account for biological effects of low 
dose (and low dose rate) radiation. 

• The possibility of existence of other dose-response models such as 
threshold or hormetic model cannot be ruled out.

• More research is needed to appropriately determine the dose-
response relationship of low dose radiation.

▷ Dose-response model based on radiobiological evidence reviewed



- Paracelsus (1493-1541) -

“All things are poison, 

and nothing is without poison; 

the dosages alone makes it 

so a thing is not a poison.” 

Our life & Radiation……

Thank you for your attention~


