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Establishing the National Biological Dosimetry Laboratory for Cytogenetic Analysis of Ionising Radiation
Exposure and Biological Dose Assessment
This project helps to strengthen preparedness for potential nuclear or radiological accidents and optimize radiation protection, with application of ionizing radiation for
medical purposes.
Possibility for Optimisation of Patient Doses in Radiotherapy due to Identification of Radiation Sensitive
Patients Using Cytogenetic Methods
Radiation Protection Centre started to carry out research
which in the future will allow personalizing treatment for
cancer patients with ionizing radiation. Similar research
have been carried out already for 20 years in the world.
Cytogenetic methods are used for detection of individual
radiosensitivity.
Radiosensitivity is measured by the DNA damage response. It was found out that the frequency of doublestrand DNA breaks after exposure to ionizing radiation
varies between individuals. Some individuals stand out
significantly enhanced or reduced DNA repair capacity.

Hyper-radiosensitivity is encountered in a small subset
(around 1%) of cancer patients
receiving radiation therapy.
The small group of radiosensitive patients limits the dose
that can be given to the entire
patient population, though the
majority of patients could potentially tolerate a higher dose.
It has been estimated that more
than 80% of variability in normal tissue radiosensitivity can
be attributed to patient-related factors rather than stochastic
effects. Taking into account this variability in the treatment
planning phase, will let individualize the therapeutic strategy
accordingly.
Looking from the point of view of radiation protection, risk
assessment of patients radiotherapy and diagnostic radiology, possibility for medical staff to classify radiosensitive patients, would let make huge step forward. The world has not
yet developed the infrastructure of this area. Thus obtained
scientific results combined with data from other countries
will provide a system based on the individual radiosensitivity of patient with cancer that will optimize and personalize
the treatment. That would raise the level of fundamental and
practical cancer biology of not only in Lithuania but also
throughout the world.
While preparing for the implementation of the project plans,
specialists are being trained in foreign Biological Dosimetry
Laboratories, advanced equipment needed for the projects has
been delivered to the Radiation Protection Centre. Biomedical research in the Radiation Protection Centre is approved by
the Lithuanian Bioethics Committee.
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In Lithuania, as in the whole world, ionizing radiation sources
are used intensively in various industrial, scientific and medical fields. Due to potential additional exposure of employees,
residents, patients and the risk of adverse effects on the body,
radiation protection status is constantly monitored and the
magnitude of exposure is measured. One of possible ways
to determine the amount of exposure is biological dosimetry.
Biological dosimetry is detection of exposure to ionizing radiation and dose assessment using biological parameters. Out
of the biological methods used for dosimetry purposes, the
most popular are cytogenetic methods determining chromosome damage. Chromosome damage is proportional to the
dose of ionizing radiation received.
Purposes and specificity of the
biological dosimetry methods
Cytogenetic biological dosimetry methods are used to assess exposure to ionizing radiation in the absence of physical
dosimeters, or when there is a doubt about the accuracy of
their results, also the methods are used as an additional tool to
verify results. Biological dosimetry enables medical professionals to divide people into groups according to the damage suffered following a nuclear or radiological emergency,
terrorist attack or deliberate action associated with ionizing
radiation sources.
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Ionising radiation causes double-strand DNA breaks, which
induce rise of dicentric chromosomes and chromosomal
translocations. Chromosome changes may lead to cancer,
congenital anomalies, and hereditary diseases.

Method in which dose estimation is based on the frequency of radiation-specific aberrant chromosomes
with two centromeres
Background level of damage detected by this assay is
very low and stable
Method is very sensitive and allows measurement at
doses 0,1 – up to 5 Gy

Following the recommendations of International Atomic
Energy Agency, each laboratory working with biological
dosimetry should create its own dose-response calibration
curve. Whereas in Lithuania as in other countries gamma
and X-ray radiation emergency exposure is most likely,
one of the objectives is to establish the dose-response calibration curves for these two types of radiation.
Fluorescence in situ hybridization (FISH) technique for
chromosome translocation analysis is most appropriate
tool for retrospective dose assessment

Dicentric chromosome assay is the
main cytogenetic method used in
biological dosimetry

Assessment of the received radiation dose allows medical
professionals to focus on patients who need help, thus reducing workload of the staff.
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Biological dosimetry methods that are
implemented in Lithuania
Following the recommendations of IAEA manual (2011)
“Cytogenetic Dosimetry: Applications in Preparedness for
and Response to Radiation Emergencies”, global practices
and the practices of the European Union countries, and taking
into account the needs of Lithuania, two cytogenetic methods
are being installed in the Biological Dosimetry Laboratory:
» Dicentric chromosome analysis
» Translocation analysis using fluorescence in situ hybridization (FISH) method
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The chromosomes of human
peripheral blood lymphocytes in
the metaphase stage of mitosis
(Giemsa staining).
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Translocation - a stable chromosome aberration, that remains after numerous cell divisions
Method is used in cases of protracted exposure or for past
exposure assessment (up to 10 year)
Method allows measurement at doses 0,25 – up to 4 Gy.

