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Department of Radiation Molecular Epidemiology in FY2025

Vladimir Saenko
Summary
Our research on radiation health effects in populations, particularly focusing on thyroid cancer,
was continued during this year. Communications with our collaborators from the former Soviet
Union countries, despite all the difficulties, were also continued for information exchange and
discussions, and a representative of the National Laboratory Astana, Nazarbayev University,
Kazakhstan, joined our Department from April to September 2025. Below, I provide an overview

of our research activities in more detail.

1. Role of genetic and environmental factors and their crosstalk in radiation-related
thyroid cancer

April 26,2026 marked the 40t anniversary of the Chernobyl (Chornobyl) accident whose major
health consequence to the public was a sharp increase in thyroid cancer incidence particularly
pronounced in the individuals exposed to radiation in childhood. Both environmental exposures
and predisposing genetic variants contribute to the development of thyroid cancer, but their
crosstalk remains unknown.

We investigated individual and combination effects of, and interactions between two
environmental factors, the individual radiation doses to the thyroid and extent of natural stable
iodine consumption, and six single-nucleotide variants that have been strongly associated with
thyroid cancer in a large group of patients with histologically verified papillary thyroid
carcinoma and healthy control individuals from Belarus (cumulatively, ~2000 participants)
exposed to the Chernobyl fallout under the age below 18. This was the first study of this kind.
We found that both radiation dose and stable iodine level statistically significantly affected
thyroid cancer odds, and that they displayed a negative interaction that means that higher stable
iodine consumption decreased the harm from radiation. Four out of six genetic variants were
associated with radiation-related thyroid cancer, and two of them positively interacted,
indicating an increase in risk allele contribution to cancer odds with increasing number of risk
alleles of the two interacting variants. The major finding was that one genetic variant negatively
interacted with radiation dose, interpretable as the decrease in effects of radiation with
increasing number of the variant risk alleles and vice versa.

The results show that environmental and genetic factors contribute to radiation-
related thyroid cancer non-independently and modulate each other’s effects. The worst-case
scenario would be if the risk factors potentiated their individual effects implying that carriers of
predisposing genetic variants were at a particularly high risk for thyroid cancer after irradiation.

Our findings provide evidence of the opposite since the interaction between the environmental



and genetic factors was negative. These observations could be useful for radiation risk
communications to the public.

Since comprehensive clinicopathological and follow-up information is available along
with environmental exposure and genetic data, further investigations may be aimed at the
elucidation of joint and modifying effects of environmental and genetic factors on the duration

of latency period, tumor aggressiveness and disease-free survival.

2. Collaboration with Nazarbayev University, Kazakhstan: genetic aspects of sudden
cardiac death

Over half of all fatal outcomes from cardiac diseases are caused by sudden cardiac death (SCD),
which is a significant public health issue with an estimated several million cases annually
worldwide. A major underlying cause of SCD is coronary artery disease, although there are other
causes as well, such as hereditary disorders or unidentified conditions. To conduct primary
prevention efforts, such as for consanguineal relatives of SCD victims, it is important to develop
an approach to the identification of persons at risk for the disease.

One possibility to address this problem is genomic technologies. Next-generation
sequencing and extensive bioinformatic processing of >2000 variants from ~200 human genes
implicated in cardiac disorders were performed at the National Laboratory Astana, Nazarbayev
University, Kazakhstan on genetic material collected from a group of deceased individuals (due
to secondary cardiomyopathy (SCM) or ischemic heart disease (IHD), which are SCD entities),
and healthy control residents of the country. Variant zygosity, annotations in several genomic
and clinical databases, mutational burden, and variant type, frequency, and function were
subjected to statistical analysis.

Principal component and correspondence analyses demonstrated very poor
segregation, indicative of very few differences between the combined or separate etiological
groups of patients and the control group when all variations were analyzed. Multivariable
machine learning models based on the complete genetic variation dataset likewise displayed low
predictive/discriminative performance suggestive of excessive “noise” that was strongly
pointing to the necessity of feature selection.

These days, feature selection is a frequently encountered issue in high-throughput
research when there are significantly more explanatory factors than study participants. Finding
the best subset of variables from a bigger set in order to enhance model performance and to
lower complexity is the aim of feature selection. We employed response screening and predictor
screening steps, two of the many computational techniques available for this purpose at the
preliminary step before model construction. The number of potential predictors for each

patient/control group was significantly reduced, about an order of magnitude, resulting in



noticeable variations in the variant distribution by category both between and within the
patient/control groups. Principal component and correspondence analyses also showed
improvements following variant selection, despite the persisting inability to obtain clear group
segregation.

Several machine learning models were constructed using different statistical
algorithms for the whole SCM/IHD, and separate SCM and IHD patient versus control group
analyses, and the predictive potential of each model was evaluated using different performance
metrics. Overall, all models displayed fair performance for all combinations of patient versus
control groups. To estimate model efficacy and adequacy, we are now working on the collection
of information on variant genotypes in independent samples. We are looking forward to further

developments of this and other future collaborative projects.
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