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Activities of the Radiation Molecular Epidemiology Group

Vladimir Saenko

Summary
The Radiation Molecular Epidemiology lab performs broad range of studies of radiation
health effects in the populations. We essentially rely on the international cooperation, and on the
collaboration with colleagues in Japan. Here, 1 describe several projects performed in the
Chornobyl regions during the last year aimed at advancing our understanding of thyroid cancer in

exposed and non-exposed individuals.

1. Post-Chornobyl thyroid cancer in Ukraine

1.1. The BRAFV609E mutation is not a risk factor for more aggressive tumor behavior in radiogenic and
sporadic papillary thyroid carcinoma at a young age

Clinicopathological and molecular characteristics of the Chornobyl thyroid cancer,
principally the papillary thyroid carcinoma (PTC), evolve with time. Tumors developing after the
shorter latency were frequently more aggressive, especially in children and adolescents, and many
tumors had solid growth pattern. In contrast, PTCs diagnosed after 20-30 years displayed less
aggressive phenotype, and the dominant papillary morphology was more common. The time-
dependent changes in clinicopathological characteristics of the Chornobyl thyroid cancer were
paralleled by corresponding changes in the genetic events underlying PTC: fusion genes became
less frequent while the prevalence of point mutations, mostly BRAFV600E, was growing.

We found that the BRAFV600E mutation was more frequent in sporadic than in radiogenic
PTCs in the childhood, adolescent, and young adult age groups of patients, and that mutational
frequency was increasing with patients’ age in both radiogenic and sporadic PTC. The thyroid
radiation dose in patients with the BRAFV600E-positive PTC was significantly lower, and the period
of latency was significantly longer than in exposed patients with the BRAFV¢00E-negative PTC. The
BRAFVe00E-positive PTCs displayed similar clinicopathological association patterns in the
radiogenic and sporadic series including a higher frequency of microcarcinomas, dominant
papillary growth pattern, higher Ki67 labeling index, and the presence of oncocytic changes in
tumor epithelial cells. The BRAFV600E-positive PTCs were characterized by the lower or comparable
invasive properties to those in the BRAFV600E-negative tumors in both radiogenic and sporadic

series indicating that the BRAFV60E mutation was not associated with more aggressive tumor



behavior in patients of young age regardless of PTC etiology.

1.2. Clinicopathological implications of the BRAFV600E mutation in papillary thyroid carcinoma of
Ukrainian patients exposed to the Chornobyl radiation in childhood: a study for 30 years after the
accident

We demonstrated that the BRAFV600E mutation increases in frequency over time after
exposure to radiation in the group of patients whose oldest age was approaching to 50. Patients
diagnosed during 30 years after the Chornobyl accident with the BRAFV¢600E-positive PTC were of
older age at exposure and at surgery, were diagnosed after a longer period of latency, had lower
radiation doses to the thyroid and lower probability of causation (POC) of tumor due to radiation.
The BRAFV600E-positive PTCs were smaller in size and were strongly associated with more frequent
oncocytic changes, multifocality and dominant papillary growth pattern. There was no evidence
that BRAFV600E positivity conferred more aggressive tumor phenotype, and clinicopathological
characteristics of the BRAFV¢00E-positive PTCs did not change with POC level. However, BRAFV600E
had the prognostic impact on disease-free survival and, of importance, likely increased the chance
of radioiodine-resistant recurrence. We concluded that determination the BRAF status may be
beneficial for middle-aged patients with radiogenic PTC considered for radioiodine therapy and

suggested more careful follow-up of patients with the BRAFV69E-positive tumors.

1.3. Major oncogenic drivers and their clinicopathological correlations in papillary thyroid carcinoma
from children born after the Chornobyl accident in Belarus

Childhood papillary thyroid carcinomas detected after the Chornobyl accident were
genetically characterized by a high prevalence of fusion genes and low frequency of point
mutations. However, no reports on genetic alterations in sporadic childhood PTCs from the
Chornobyl-affected regions were available so far. We investigated a series of childhood PTCs from
Belarus born after the Chornobyl accident and found that fusion genes were also significantly more
prevalent than point mutations in these tumors. Clinicopathologically, RET/PTC3 was associated
with the solid growth pattern and higher tumor aggressiveness, BRAFV60%E and RET/PTC1 were
associated with classic papillary morphology and mild clinical phenotype, and ETV6ex4/NTRK3
with follicular-patterned PTC and reduced aggressiveness. In the course of this study, two novel
gene rearrangements were discovered by RNA-seq, TNIP1/RET and TBL1XR1/RET, providing

additional knowledge on the family of RET fusion genes in PTC. We concluded that the spectrum of



driver mutations in sporadic childhood PTC largely parallels that in Chornobyl PTC, although the
distribution of oncogene types suggests less aggressive clinical presentation of sporadic PTC,

especially than that of early-onset radiation-related PTC.

2. Reconstruction of radiation doses for genome-wide study of post-Chornobyl
thyroid cancer in Belarus

About a decade ago, we had performed an international genome-wide association study
of thyroid cancer in the Belarusian individuals exposed to 1311 after the Chornobyl accident.
However, the radiation thyroid doses to the study participants were not available at the time of
that work. To facilitate further research into the gene-environment and phenotype-environment
complexities, we reconstructed individual doses from 131] to the thyroid of the study participants.
The dosimetry involved the assessment of radiation thyroid doses for the study participants who
(i) resided at the time of exposure across the entire Belarus in the areas with high and low
radioactive contamination; (ii) were exposed at different ages; and (iii) had different degrees of
informational details on residential history, consumptions of locally produced cow milk, dairy
products and leafy vegetables as well as administration of stable iodine during the first two months
after the accident.

This study was based on the international cooperation and involved interactions with
the dosimetric team in Minsk, Belarus, supervised by a representative of the NCI/NIH in the USA,
with the International Agency for Research on Cancer in Lyon and other institutions. The
dosimetry model used in the study represented an environmental transfer approach, considering
a multicompartment process of 1311 activity transfer to the thyroid gland from airborne 131[ and 1311
ground depositions with adjustment of the model-based thyroid doses.

Overall, thyroid doses estimated in the current study were in reasonable agreement
with those from previous post-Chornobyl dosimetric and epidemiological studies. These obtained
doses will be used in the genome-wide association study of thyroid cancer in persons exposed in
Belarus to 131 after the Chornobyl accident, particularly focusing on gene-environment and

phenotype-environment interactions.
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