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“HEALTH IS A STATE OF COMPLETE 
PHYSICAL, MENTAL AND SOCIAL 

WELL-BEING AND NOT MERELY THE 
ABSENCE OF DISEASE OR INFIRMITY”
Preamble to the Constitution of the World Health Organization as adopted by the 
International Health Conference, New York, 19-22 June, 1946; signed on 22 July 1946 
by the representatives of 61 States (Official Records of the World Health Organization, 
no. 2, p. 100) and entered into force on 7 April 1948.

The Definition has not been amended since 1948.



https://science.sciencemag.org/content/367/6476/392

https://science.sciencemag.org/content/367/6476/392


Radiation exposures

www.trivalleycares.org/AbelRadiation2006.ppt

Presenter
Presentation Notes
BEIR VII image caption: FIGURE PS-2 The pie chart in the lower left portion of the figure shows the contribution of man-made radiation sources (18%) relative to natural background radiation (82%) exposure of the population of the United States. Sources of man-made radiation are detailed in the upper right portion of the pie chart. SOURCE: Data from NCRP 1987.http://darwin.nap.edu/books/030909156X/html/5.htmlIt is important to remember that this graph shows average exposure. Some people may be exposed to more radiation in different ways. These include flying, working at a nuclear facility, being exposed to radiation therapy or diagnosis (x-rays), or being exposed to radioactive fallout.



Radiation exposures
Cosmic rays

Air (radon)

Building material

Water

Food

Earth

Air travel

Testing fallout

TV & luminous watches

Nuclear power plants (20%)

Radioactive waste

Diagnostic & therapeutic 
radiation*

*> 2 billion worldwide



Radon is a naturally occurring gas produced from the radioactive decay 
of uranium in rocks and soil. 

It is colourless, odourless and tasteless. It is extremely prevalent in the 
Canadian prairies having been deposited by glaciers.

Radon – a problem in Alberta



http://calgaryherald.com/news/local-news/scientists-mapping-deadly-radon-in-calgary



http://www.cbc.ca/news/canada/calgary/radon-house-study-levels-gas-testing-
remediation-goodarzi-cancer-1.4045872

Radon – a problem in Alberta



2,400  Bq/m3 is  
equal to having 

4,320 dental X-rays 
per year per 

person

http://www.cbc.ca/news/canada/calgary/radon-house-study-levels-gas-testing-
remediation-goodarzi-cancer-1.4045872





http://www.who.int/gender-equity-
rights/understanding/gender-definition/en/

• Gender refers to socially constructed roles that shape the behaviours, 
activities, expectations and opportunities considered appropriate in a 
particular socio-cultural context for all people. Gender also refers to the 
relationships between people, and the distribution of power in those 
relationships.

• Gender interacts with, but is distinct from, the categories (male, female) of 
biological sex.

• Gender is a determinant of health inequities – both separately, as well as 
intersecting with socio-economic status, age, ethnicity, disability, sexual 
orientation, etc.

• Gender impacts on all targets within Sustainable Development Goal 3 
through its interaction with other determinants, its influence on risks and 
exposures, behaviours, and the gendered nature of health system 
responses.

• Gender influences the employment, working conditions and career 
trajectories of health and social care workers.



SEX AND GENDER: WHAT IS THE DIFFERENCE?

The terms "sex" and "gender" have been used interchangeably

Sex refers to the biological distinction between males and females

Gender concerns the social differences between males and females

Cовокупность социальных и психологических характеристих и 
особенностей поведения, приписываемых мужчине или женщине; с 
социологической точки зрения гендер не является биологической 
характеристикой, а определяется в ходе социализации

















Suppression of the hippocampal neurogenesis by LDR studied by doublecortin 
immunohistochemistry



Whole body and cranial radiation exposure induces the significant 
and sex-specific loss of DNA methylation in the murine spleen 
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Whole body and cranial radiation exposure induces the significant and 
sex-specific loss of DNA methylation in the murine spleen
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CT B EXP CT B EXP

CT H EXP CT H EXP

intact  ♂ - body exposed

intact ♂ - head exposed

intact ♀ - body exposed

intact ♀ - head exposed

intact animals

Differentially 
expressed 
miRNAs in 
the spleen 

of male and 
female mice 
subjected to 
whole-body 
or head-only 
exposure to 
1 Gy of X-

rays

Cell Cycle, 2008



MiR-24, miR-23b and have been found to 
target NOTCH1, a receptor involved in cell-cell 
communication and the induction of cellular 
differentiation and apoptosis.  

MiR-24 has been shown to target p38 
(MAPK14), a protein previously implicated in 
the bystander response.
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Bystander effects in brain



Zooming in on the radiation therapy 
effects



Bystander effects are well-studied in cell cultures, tissue explants, and reconstructed 
3D tissue models.  IR-induced bystander effects also manifest themselves in the whole-
organism context. 
Evidence of bystander effects has also been reported in humans in the form of 
radiotherapy-induced abscopal ‘out-of- field’ effects. 
Recently the existence of IR-induced bystander effects in somatic organs was 
confirmed using whole animal models.  Furthermore, IR-induced bystander effects were 
shown to be epigenetically mediated.
Recent studies have shown that IR exposure of one side of the animal’s body caused 
profound epigenetic DNA methylation changes in the shielded bystander parts. 
Similar significant epigenetic changes were seen in shielded organs upon cranial 
irradiation. 
Localized radiotherapy-like cranial exposure led to epigenetic DNA methylation and 
microRNAome changes in shielded spleen and testes of rodents. 
Thus, brain irradiation leads to bystander changes in somatic organs. 

Is the opposite effect true?  
Would radiotherapy-like irradiation of somatic organs (e.g. liver) 

cause bystander responses is the shielded brain?



24.6 cGy 0.125 cGyDOSES TO THE BRAIN: 

Presenter
Presentation Notes
In our study we used Long evans  male and female rats exposed to 1 Gy to the surface of the body. Treatment groups were as follows: sham treated, head exposed animals. Another group received liver irradiation while the rest of the body and head were shielded by lead to study bystander effects.  And one more group was set up to study scatter radiation – liver of one rat as exposed, and the effecst were studied in the brain of adjacent rat – no common blood supply. Doses received by the brain were very small.  Molecular analysis: gene expression to see which genes upregulated/downregulated.  NEUROANATOMY Golgi-Cox staining used to measure PFC thickness and to study spine density and dendritic morphology (branching, length), which reflects the organization of brain connectivity. Behavioural testing We used tasks sensitive to hippocampal and/or prefrontal injury - the novel object recognition (how well rats encode the location of particular objects), activity box and elevated plus maze. I will focus on these results.



Results 
Treatments analysed: 
• sham-irradiated
• liver-irradiated/brain bystander

Brain regions Females Males

Hippocampus - 1

PFC 22 1

Differentially expressed genes included those involved in the function of the blood-brain 
barrier, neuro-inflammation and apoptosis

Presenter
Presentation Notes
Bystander radiation effects often manifest as aberrant gene expression profiles. Therefore, we next analysed the global gene expression in the PFC and hippocampal tissues in male and female rats following liver irradiation using Illumina-based massively parallel sequencing.  We found that bystander effects of liver exposure to a dose as low as 0.125 cGy in the shielded bystander brain manifest as altered gene expression.  The gene affcted in males was regulated in a sex-speific manner



Effect of radiation
Head Liver

Spines Branch Length Spines Branch Length

Par1A
Male - - - - - 

Female  - -  - -

Par1B
Male - - - - - -
Female  - - - - -

Cg3A
Male  * -  - -
Female    -  

Cg3B
Male   -  - -
Female   - - - -

AID
Male  - -  - -
Female -   -  

CA1
Male  - -  - -
Female -  - * - -

Parietal 
cortex

Medial 
prefrontal 

cortex

Orbital frontal 
cortex

Hippocampus

Results 

Both head and liver irradiation affect morphology; females are more affected

Presenter
Presentation Notes
Medial prefrontal cortex (Cg3) Orbital frontal cortex (AID) Parietal cortex (Par1)Hippocampus (CA1)We found that Low dose radiation exposure affects spine density, and causes changes in dendritic branching and length. In sum, the novel neuroanatomical findings here are that: 1) both direct head and indirect (bystander-to-liver) irradiation in low doses reduces synaptic space in both the hippocampus and the neocortex, and 2) these changes are sexually dimorphic and areal-specific. Indeed, the effects in both prefrontal regions measured were more extensive than those seen in the hippocampus.



RESULTS

Females are more affected than males

Low dose head and liver irradiation 
exposure affect animal behavior

Open Field Activity
Elevated Plus Maze

Novel Object Recognition

Results 



0.115 cGy
SCATTER DOSE TO 

THE BRAIN: 

?
liver 

exposed
bystander 

animal
Scatter-
exposed 
animal

Liver-exposed 

lead shielding

Scatter radiation and the brain

Presenter
Presentation Notes
In the first part of our initial study, liver irradiation-induced bystander changes manifested in the hippocampus and the prefrontal cortex (PFC) tissues of rats. Are these due to scatter? In order to establish whether or not low bystander scatter irradiation doses exert any influence on the brain, we developed a new model for bystander scatter irradiation analysis. In this model, one rat was irradiated, and a recipient bystander rat was placed adjacent to it while receiving a true bystander scatter exposure. 



Down-regulated genes belonged to neuroactive ligand−receptor interaction, calcium 
signalling, axon guidance, and neurotrophin signaling pathways.

Scatter radiation and the brain

Presenter
Presentation Notes
We found that scatter irradiation consisting of a clinically-relevant dose as low as 0.115 cGy caused massive changes in gene expression in the PFC tissues of females, but much smaller changes in males.To gain further insight into the functional significance of the observed gene expression changes, we conducted an in-depth  pathway analysis. Compared to the controls, the down-regulated pathways in the PFC of the bystander scatter-exposed animals included those involved in calcium signaling, neuroactive ligand−receptor interaction, axon guidance, and neurotrophin signaling pathways were also down-regulated in the PFC of the scatter-exposed females.



Scatter radiation and the brain

Presenter
Presentation Notes
To gain further insight into the functional significance of the observed gene expression changes, we conducted an in-depth KEGG pathway analysis. Compared to the controls, the down-regulated pathways in the PFC of the bystander scatter-exposed animals included those involved in calcium signaling, neuroactive ligand−receptor interaction, axon guidance, and neurotrophin signaling pathways were also down-regulated in the PFC of the scatter-exposed females.



Effect of 
radiation

Scatter
Spines Branching Length

Par1A
Male - -

Female  - 

Par1B
Male - - -

Female - - -

Cg3A
Male  - -

Female   

Cg3B
Male  - 

Female   

AID
Male  - 

Female  - 

HPC
Male  - 

Female - - -

Parietal 
cortex

Medial 
prefrontal 

cortex

Orbital frontal 
cortex

Hippocampus

Scatter radiation and the brain

Presenter
Presentation Notes
Scatter  radiation exposure causes changes in spine density, dendritic branching  and length. Efefcts are more pronounced in females.



* - p<0.05

Scatter radiation and the brain

Presenter
Presentation Notes
Overall, scatter irradiation significantly affected behaviour in the Elevated-Plus Maze (EPM) test but not in the activity nor the novel object recognition tests



Results – scatter 
radiation

Scatter  radiation exposure affects spine 
density



Scatter  radiation exposure 
causes changes in dendritic 

branching

Results – scatter 
radiation

Presenter
Presentation Notes
Scatter  radiation exposure causes changes in dendritic branching – especially in females in Cg3



Bystander and scatter radiation effects exist in the brain and 
they affect behavior and are sex-specific 

Irradiation of liver causes: 
• DNA damage
• Altered gene expression 
• Changes in morphology in the brain, and
• Affected behaviour

Scatter radiation  causes:
• Altered gene expression 
• Changes in morphology in the brain, and
• Affected behaviour

Brain is very sensitive to radiation! 



Atom bomb survivors
• Increased cancer rate.
• Increased in utero death

The Chernobyl nuclear reactor accident: Increased 
incidence of Thyroid cancer
• Overall cancer incidence rate increase
• childhood cancer deaths were mainly due to brain tumors
• After in utero exposure increased production of 

thyroglobulin
• Impaired leg blood flow 
• Increased testosterone and increased growth 

abnormalities

The Chernobyl nuclear reactor accident: 
• increased thyroxine after in utero exposure
• Increased cancer related deaths
• Increase in lymphatic and hematopoietic cancers 
• Increased delay in puberty in areas  with 90Sr 

and Pu
• childhood cancer deaths were mainly due to 

leukemia

Atom bomb survivors, Based on Distance 
from Hypocenter
• Higher risk of sepsis after acute injuries

Occupational exposure 
• Increased primary infertility
• Increased Excess relative risk per Gy for lung cancer, 

liver cancer, and bone cancer

Occupational exposure 
• increased relative risk of cancer of colon, 

pancreas, and testis 

Males Females

SEX  DIFFERENCES IN RESPONSE TO IONIZING RADIATION



Chemo brain

Presenter
Presentation Notes
Chemobrain: term used to describe thinking and memory problems that can occur after cancer treatmentThe cognitive domains that are disrupted are diverse and include memory, processing speed, attention, and executive function. Recent research shows that commonly used chemotherapy drugs are more toxic to healthy brain cells than to cancer cells. It was shown that chemotherapy caused oxidative stress, inhibited neuronal proliferation and differentiation, and induced apoptosis. These molecular changes are associated with altered neurogenesis. While the molecular and cellular mechanisms of chemobrain are poorly investigated, the frequency and timing of chemobrain occurrence and its persistence strongly suggest that it may be epigenetic in nature. DNA methylation is the most well-studied epigenetic phenomenon and is critical to neurogenesis. Neurogenesis is a complex process requiring coordinated control, such as control of gene expression. DNA methylation is a key epigenetic phenomenon in the regulation of gene expression. Several studies show that chemotherapy drugs lead to aberrant expression of genes and, consequently, to aberrant levels of their respective proteins in hippocampi of exposed rodents. This shows that DNA methylation changes affect gene expression and are therefore important in neurogenesis. Which brings us to the brain areas of interest. My analysis focused on the hippocampus and PFC. The hippocampus is one of the two active sites of neurogenesis in the mammalian brain and plays important role in memory and learning. Recent studies indicate that there are epigenetic DNA methylation changes in hippocampal neurons implicated in learning and memory.The prefrontal cortex is involved in “executive” functions such as planning, decision-making, behavioural inhibition, and working memory. Not many studies done on effects of chemotherapy drugs on prefrontal cortex, but it has been shown to be sensitive to radiation.



Cancer-related cognitive impairment

What is chemo brain?

• Subjective sense of slowed thinking, muddy 
thinking, lack of flexibility in cognitive processes

• Poor concentration and poor memory

Up to three-quarters of people with cancer 
experience cognitive problems

Presenter
Presentation Notes
Chemotherapy causes a wide array of side effects, including central nervous system (CNS) toxicity, and recent research shows that chemotherapy agents are more toxic to healthy brain cells than to the cancer cells they are designed to treat. Numerous studies have provided evidence of the occurrence of chemotherapy-induced cognitive dysfunction. Chemotherapy-induced CNS side effects influence the cognitive domains of attention, memory, processing speed, and executive function7-15 and cause a condition called chemo brain. The mechanisms of chemo brain have yet to be fully understood. Some of the proposed mechanisms include increased oxidative stress, chronic inflammation, inhibition of neuronal proliferation, induction of apoptosis, alterations in brain blood flow, disruption of the blood−brain barrier, and white matter dysfunction. Chemobrain: term used to describe thinking and memory problems that can occur after cancer treatment.



Forty-five day old male and female BALB/c mice were randomly allocated to the following 
groups:

Mitomycin C (MMC) Cyclophosphamide (CPP) Saline
(control)

5 mg/kg 200 mg/kg

10 ♂ and 10 ♀ 10 ♂ and 10 ♀ 10 ♂ and 10 ♀

Kovalchuk et al., Aging, 2016, 8: 697-711

Presenter
Presentation Notes
We analysed epigenetic and gene expression changes in the hippocampus and PFC tissues of mice three weeks after treatment with cytotoxic chemotherapy agents mitomycin C (MMC) and cyclophosphomade (CPP). These agents have been reported to cause chemo brain, but the mechanisms of their effects have not been elucidated.  Treated animals received either MMC (5 mg/kg) or CPP (200 mg/kg) as 2 consecutive injections every other day, and were euthanized 3 weeks after chemotherapy to examine the persistent effects on the brain.



Results – gene expression
Number of up- and down-regulated genes in the prefrontal cortex of male and female 

animals exposed to MMC

Kovalchuk et al., Aging, 2016, 8: 697-711

Presenter
Presentation Notes
Global gene expression profiling provides a mechanistic insight into molecular processes and pathways associated with exposures to chemotehrapy agents. In female PFC, downregulated genes belonged to dopaminergic neurogenesis and oxidative phosphorylation pathway



Results – oxidative DNA damage
Oxidative DNA damage in the PFC tissues of chemotherapy-exposed animals

* - p<0.05Kovalchuk et al., Aging, 2016, 8: 697-711

Presenter
Presentation Notes
An increases in oxidative stress has been proposed as one of mechanisms of chemo brain. We assessed the levels of 8-oxo-2'-deoxyguanosine (8-oxodG) in genomic DNA from PFC  tissues of MMC and CPP exposed male and female animals. The 8-oxodG molecule, one of the predominant and best-studied molecular markers of oxidative DNA damage, is formed by the action of reactive oxygen species. Exposure to CPP caused a small but statistically significant (p=0.007) increase in 8-oxodG levels in the PFC tissues of female, but not male, animals at 3 weeks post-treatment. Exposure to MMC led to a statistically significant increase in the 8-oxodG levels in the PFC tissues of male mice , while the PFCs of MMC-exposed females showed a strong trend towards an increase in 8-oxodG levels, but the difference did not reach statistical significance  



Results – DNA methylation
Levels of 5-methylcytosine (5mC) and 5-hydroxymethylcytosine (5hmC) in the genomic DNA of 

the PFC tissues of chemotherapy-exposed animals

* - p<0.05Kovalchuk et al., Aging, 2016, 8: 697-711

Presenter
Presentation Notes
Several studies have suggested that aberrant DNA methylation may occur because of oxidative DNA damage. Aberrant DNA methylation is also associated with altered gene expression patterns. With this in mind, we analyzed the status of global DNA methylation in the hippocampal and PFC tissues of CPP- and MMC-exposed male and female mice. We determined the levels of 5-methyl-cytosine (5mC) and 5-hydroxymethyl-cytosine (5-hmC) in the genomic DNA of PFC and hippocampal tissues of chemotherapy-treated animals at 3 weeks post-exposure. We found a statistically significant decrease in the level of 5-mC in the global DNA of PFC tissues of MMC-treated female mice , whereas the level of 5-hmC was significantly increased. CPP treatment had no effect on the levels of 5mC or 5-hmC in any of the studied tissues We also found altered (decreased) Levels of DNMT1, DNMT3a and increased levels of MeCP2 in the PFC tissues of chemotherapy-exposed female animals 3 weeks after treatment



Kovalchuk et al., Aging, 2016, 8: 697-711

Presenter
Presentation Notes
As such, our initial study showed thatChemotherapy alters the gene expression profiles in the murine PFC and hippocampus tissuesGene expression changes were most prominent in the PFC tissues of female animals upon MMC treatmentMMC exposure resulted in accumulation of oxidative DNA damage, decreased global DNA methylation, and increased DNA hydroxymethylation in the PFC tissues of female animalsChanges induced by MMC resembled those that occur during aging



Disproportionate Impact of Radiation and Radiation Regulation

60 years of compiled cancer incidence showing a pink line for females from birth 
to age 80, and a blue line for males



“Why is biological sex a factor in radiation harm? 
Why is sex difference in radiation harm greatest in young children?
Is percentage of reproductive tissue a factor due greater reactivity of this 

tissue to radiation exposure?
Is the percentage of fat tissue a factor? 
Is rate of maturation, including rates of mitosis different? If so, is that a factor? 
Are there differences in male and female in cellular radiation repair 
mechanisms that play a role in cancer resistance? 
Are there other datasets available now that include all ages and both sexes? 
How do we construct new diverse data-sets in an ethical manner? 
Do regulators need to re-evaluate and revise the units of radiation dose? “

Disproportionate Impact of Radiation and Radiation Regulation
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