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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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Study on biological response of low dose radiation
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Molecular and Cellular Phenotypes of LDR
| 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

“Environmental gear selection” : DNA damage repair pathway evolution
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Molecular and Cellular Phenotypes of LDR
| 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

=
| il - [ : :
~ Fig. Repair/removal of LDR induced DNA
DB .
513 damage
: | - Repair of damaged DNA
) ea— cn —-C i s

£y o D) - Removal of damaged cells via apoptosis
HRR l

- Cell cycle arrest
NHEJ)
(Tharmalingam et al., 2019)

Repair &
Ku70/80
~ s e, EREE
poptosis L al

RPA  Rad52/4 i

~ — K urviv
XRCCA | Ligase IV ERCCL
_XRCCL
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by 1 mGy/year natural background radiation : ~ about 10 million”



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

Genomic instability
: the biological effect of Radiation

radiation.
Chromosome:
Dose Cells with Aberrations/ chromatid
(mGy) abberations cell aberrations
0 4/908 0.004 3:1
1.7 0/132 0 -
5 1/146 0.007 0:1
12.1 3/346 0.009 0:3
25 0/205 0 -
50 1/464 0.002 1:0
100 3/611 0006 2:1
500 1/384 0.003 1:0
1000 6/571 0.011 15
3000 12/730 0.016 2:10
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DNA damage in peripheral blood mononuclear cells of
individuals from high level natural radiation areas of Kerala

Jain et al., 2016
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Fig. Distribution of y-H2AX foci for background radiation dose

Table 1

Distribution of gamma-H2AX foci per cell with respect to age and background dose level among HLNRA and NLNRA individuals. HLNRA: High Level Natural Radiation area,
NLNRA: Normal Level Natural Radiation area. LDG: Low Dose group, HDG: High dose group. S. D: standard deviation.

Area Background dose Number of Mean Age +S.D Mean background Frequency of
groups (mGy/year) individuals studied (Age range in dose +£S.D (dose gamma-H2AX
years) range in mGy/year) foci +S.E. (range)
NLNRA <1.50 30 35.54+6.35(25-50) 1.28 £0.086 (1.1-1.50) 0.095 £ 0.009 (0.01-0.28

)
HLNRA LDG (1.51-5.0) 20 34.2 +5.7 (25-44) 2.63+0.76 (1.57-4.64) 0.096 +0.008 (0.05-0.17)

HDG (>5.00-21.6) 41 37.1+£8.03 (18-59) 11.04+3.57 (5.53-21.60) 0.078 +0.004 (0.02-0.14)
HLNRA (Total) >1.50 61 36.1+7.43 (18-59) 8.28 +4.96 (1.57-21.60) 0.084 +0.004 (0.02-0.17)




Molecular and Cellular Phenotypes of LDR
| 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).
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Fig. Model for radiation-induced reactive oxygen species (ROS)
production in RAW264.7 cells

(Scott and Tharmalingam, 2019)
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Recently low dose irradiation has gained attention in the field |

understanding of the melecular consequences of low dose irrac

concerning its risks on human beings. In this article, we report

. of blocking the oncogenic KRAS-induced malignant transforma LDR
. we showed that low dose irradiation, at doses of 0.1 Gray (Gy);

: response against oncogenic KRAS -induced malignant transforr KRAS

. the induction of antioxidants without ca using cell death and a« \li

. attenuation of reactive oxygen species (ROS). Importantly, we

Anti-oxidants l
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LDR inhibits KRAS induced cellular transformation %
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Low-dose radiation increases the lifespan of Drosophila
under oxidative stress conditions

To be published in I/JRB
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Molecular and Cellular Phenotypes of LDR
| 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)
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Different responses of tumor and normal cells to low-dose radiation
Yu et al., Contemp Oncol(Pozn), 2013
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Low-dose radiation promotes cell proliferation
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Phosphorylation of CLK2 at Serine 34 and Threonine 127 by
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lonizing radiation activates cell protective molecules
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The effects of low-dose radiation in in vivo models
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Adaptive responses by LDR and
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Molecular and Cellular Phenotypes of LDR

| 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 (. R. Scott and S.

Tharmalingam, 2019).
* While high doses of
Low dose radiation .
radiation suppress the
/ l \ immune system, low doses

and dose rates can stimulate
[Tlnnateimmunity ]<—>[1Cytokines ]«»[TAdaptiveimmunity ] anticancer immunity which

NK cell # :t-i;* CD8+(CTL) 4 can aid in cancer prevention
Macrophage § : cDa+ 4 (Liu et al., 2007; Liu, 2003; Ren, et al.,
Dendritic cell 4 IFN-y 4 Th14 .

TGF-B 4 Tha 2006; Janiak et al., 2017).

IL-10 ¥ T-regulatory §

TNF-a 4

Immune system boosting

Immune system components modulation by LDR



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

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

LDIR
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Effects of low-dose radiation on the allergic response

Low-dose lonizing Radiation * Histamine release
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The effects of low-dose radiation on rheumatoid arthritis
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Low Dose Radiation : A Link to Radiation Hormesis?
Kabilan et al., Int. J. Mol. Sci., 2020
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Clinical Trials : Therapeutic potential of LDR
against cancer, dementia, and diabetes
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Treatment for Alzheimer’s Disease: Sl
A Pilot Study |
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AIZh e l m e r S D 'se ase - PO SS l b I e This letter updates the April 2016 case report' about an

M e c h a n i s m s B e h i n d N e u ro h o rm e s i s 81-year-old patient who was in the final stages of advanced

Alzheimer disease (AD) in hospice care. A newropsychologist

Induced bv Exp osure to Low Doses of examined her on May 21, 2015, and concluded that she was

- = - - “completely nonresponsive.” Following treatment by 4 com-

I 0 n IZl n g Ra d l at l 0 n puted tomography (CT) scans of the brain from July to

August 2015, the patient made a remarkable recovery. A fifth

scan on October | caused a setback, from which she gradu-

Bevelac qua J. J.", Mortazavi S. M. J o ally recovered. On November 20, she was judged to be no

longer eligible for hospice care because her condition was

sufficiently improved. Since then, she has participated in a

ABSTRACT stimulating, dementia day care program. Photos on December

In 2016, scientists reported that human exposure to low doses of ionizing radiatg 2015, Figures 1 and 2, demonstrate restoration of appetite
(CT scans of the brain) might relieve symptoms of both Alzheimer’s disease (AD) and responsiveness

Parkinson disease (PD). The findings were unbelievable for those who were not far Recognizing that the efficacy of the CT scan treatments

would likely be transitory, the patient’s spouse requested

Therapeutic potential of low dose ionizing radiation against cancer,  onging booster scans cvery 4 to 5 months. These started on

. . . . . . s s Febi y 24, 2016, abc 21 weeks afi he October 1
dementia, and diabetes: evidences from epidemiological, clinical,  emen o 7 e e e e
and preclinical studies Aprl 15, 2016 s progress o smes T

Jagdish Gopal Paithankar' . Subash Chandra Guptau - Anurag Sharma‘- - Unlike our last visit, Mrs XXX was able to give simple verbal

responses to direct, simple questions. Not all of her responses
were related o the direct questions, but she seemed to be react-

Received: 22 June 2022 / Accepted: 14 December 2022 / Published online: 3 January 2023 ing:auorocriately. o the prosody and mogverbal cues of Those

© The Author(s), under exclusive licence to Springer Nature BV. 2023 . . .
Fig. Restoration of appetite of
Abstract patient with Alzheimer disease(AD)

The growing use of ionizing radiation (IR )-based diagnostic and treatment methods has been linked to increasing chronic
diseases among patients and healthcare professionals. However, multiple factors such as IR dose, dose-rate, and duration
of exposure influence the IR-induced chronic effects. The predicted links between low-dose ionizing radiation (LDIR) and
health risks are controversial due to the non-availability of direct human studies. The studies pertaining to LDIR effects
have importance in public health as exposure to background LDIR is routine. It has been anticipated that data from epide-
miological and clinical reports and results of preclinical studies can resolve this controversy and help to clarify the notion of




Summary : Biological response of radiation dose
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Summary : Biological Effects of Low-dose Radiation

> Natural defenses mechanism after exposure to low-dose radiation

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

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

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

> Dose-response model based on radiobiological evidence reviewed

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

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

e More research is needed to appropriately determine the dose-
response relationship of low dose radiation.
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Our life & Radiation......

Radiation &life

“Life on earth has developed with an ever present
s o ot 3§

g Itis new,
by the wit of man; radiation has always been there.”

“All things are poison, bl

and nothing is without poison;
the dosages alone makes it
so a thing is not a poison.”

— Paracelsus (1493-154/) -

Thank you for your attention~



