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E¥12 HREBE (ICRP-QST-RERF Workshop on Individual Response to lonizing

Radiation)

*Y. Suto. Individual difference of chromosome aberrations in accidentally exposed
workers. ICRP-QST-RERF Workshop on Individual Response to Ionizing Radiation (¥
ESNAEH—, 2018412 A 12 A) [International Commission on Radiological
Protection ICRP) DA HAfFaiH]

(Tr72 8727 )

Individual difference of chromosome aberration in accidentally exposed workers

Yumiko Suto

National Institute of Radiological Sciences, National Institutes for Quantum and

Radiological Science and Technology, Japan

Tonizing radiation exposure causes DNA strand breaks that lead to chromosome
aberrations. Among radiation-induced chromosome aberrations, dicentric chromosomes
have been considered sensitive and specific bio-indicators for assessing radiation dose.
The dicentric chromosome assay (DCA) has been the ‘gold standard’ for biological
dosimetry in accidental radiation exposure for more than three decades. A dicentric
yield from a radiation-exposed patient is referred to a calibration curve (dose—response
curve) experimentally prepared in advance from dicentric scoring data at several dose
points from peripheral blood samples of one healthy donor or by pooling scoring data
from several donors in considering inter-individual variability. In the latter cases, Van
Buul and Natarajan (1980) and Kakati et al. (1986) noted a remarkable inter-individual
variability. On the other hand, some reports showed moderate or no significant
inter-individual variability so that data of all donors could be pooled (Vinnikov and
Maznyk 2013; Al-Hadyan et al. 2014).

Recently, the translocation analysis combined with fluorescence in situ
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hybridization (FISH) using differentially colored chromosome painting probes are also
applied for biological dosimetry. This technique is useful particularly for retrospective
dose assessment because translocations are more stable, allowing dose estimates to be
made long time after exposure or after protracted exposures. It is well-known, however,
that the background levels of translocations increase with age due to confounding
factors (Sigurdson et al., 2008). Inter-individual variability of translocation yields could
be larger than that of dicentric yields.

In the present session, current issues concerning inter-individual variability of

chromosome aberration yields will be demonstrated and discussed.
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Case report &
network activity in Japan

Yumiko Suto

Dept. of Radiation Measurement and Dose Assessment,
National Institute of Radiological Sciences,

National Institutes for Quantum and Radiological Science
and Technology

k7 '
Octaploidy[Y. Suto et al., 2011]

s r
fl\iIRS National Institute of Radiological Sciences (“") QST

NIRS biodosimetric strategy
for the suspected overexposure of ionizing radiation

Radiation Accident (24-h Emergency Call)

Automation of chr
image detection

Blood collection
Lymphocyte separation

Triagin
P ~ ging
Cell Culture PCDC (Cell fusion-mediated prematurely
1 condensed dicentric chromosome) assay
d 5hi— * Rapid procedure by PNA-FISH (5 h)

[Health Physics 108: 371-376, 2015]

w= 'y Dose estimation

1

L
I-fifvgst_i_ng and preparation —J 48h

ke \\;ﬁicent;ic- chromosome assay
: ]\ f ¢« {H&alth Physics 105: 366-373, 2013; Radiat
=¥, =

"\ » ERviron Biophys 53: 775-780, 201 1
Slide aging (1 day) — 72h

3-color FISH assay — 96 h
[Mutat Res 794: 32-38, 2015] ¥

L (M-FISH analysis if necessary)
/@I]?é National Insti of Radioloeical Sci
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The Oarai Research & Development Institute of
JAEA.

The institute is a unique nuclear research institute
in Japan known for advanced reactor technologies.
During their inspection work of a storage container
of plutonium and enriched uranium as nuclear fuel
materials (below), resin bags in the container burst,
and the five workers were contaminated. [JAEA,
http://www.jaea.go.jp/english/news/press/p201
7072102]

/m.ﬁg National Insti fRadiclowical Sci @(J_ST

.

June 6, 2017 11:15 5 workers were accidentally exposed to Pu-239 when
they were inspecting a storage container of nuclear fuel
materials at the Plutonium Fuel Research Facility of
JAEA-Oarai. Their initial internal contamination
measured with a lung monitor at JAEA indicated 22,000
Bq of Pu-239 and 220 Bg of Am-241 at maximum.

midnight The first injection of chelating agent (DTPA-Ca) was
completed at JAEA.

June 7, 2017 12:00 5 patientsreceived at the NIRS hospital.
15:00 Chromosome analysis was ordered.
June 8, 2017 9:00 Received blood samples.

Cell cultures in 3 different condition.
June 10, 2017 17:30 Reported the triage DCA results (100 cells/donor).
June 25, 2017 16:30 Final report of biodosimetry by DCA and FISH
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o )\
Data from DCA b 5 ¢ DAY

Triage-scoring mode Full-scoring mode
ID Cells No. of Cells No. of Estimated Dose UCL LCL
scored  dicentrics scored dicentrics (Gy) (Gy) (Gy)

Unpublished data.

Dose-response curve:

Y = (0.00015 = 0.00017) + (0.0302 = 0.0044) x D + (0.0588 =+ 0.0028) x D?;

Y: dicentric yield, D: dose (Gy); p value of goodness of fit test : p = 0.73. [Y. Suto et al.,
Health Physics 105: 366-373, 2013]

{&iﬁs National Insti of Radiological Sci @QST

Summary of the analyses

1) Chromosome aberration yields detected with DCA
in full-scoring mode were at background level,
suggesting that there was little possibility of severe
whole-body overexposure to acute radiation.

2) The results were confirmed by 3-color FISH analysis
with age-adjustment [ISO DIS 20046, 2017].

3) The results corroborate the fact that Pu-239 was
not detected with a lung monitor by NIRS
measurement and no acute radiation syndrome was
observed among the workers.

{ﬂiﬁﬁ National Institute of Radiological Sci @Q.ST
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Cytogenetic Scanning System
(Zeiss/Meta-Systems)

- Automation of
1) image-scanning and detection
2) image-analysis [DCScore]

averrations/cell=aD*2+bD+¢ aberrationsicei=aD*2+bD+c aberrationsiceli=aD*2+bD+c

aberrations per cell
aberrations per cell

Dose-response curves of %Co gamma-ray by

(left) manual scoring
(middle) automated scoring
(right) automated scoring revised by manual scoring
- [Y. Suto et al., unpublished data].
NARS s musgeisimes @ QST
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Feature maps

Convolutions Subsampling Convolutions Subsampling Fully connected

https://upload.wikimedia.org/wikipedia/commons/6/63/Typical_cnn.png

mm) Answer: robot

mm) Answer: cat

By automatically extracted features of images and deep-learning, it might be
possible to classify/identify chromosome aberration images.
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Bh14 BMREXREH (NCT)

*NCT (KEGEE 77 A 77 MEBHER

1 Title: Biodosimetric Strategy for Radiation Emergency Medicine in Japan.

2 Name: Yumiko SUTO, PhD

3 Summary:

Biological dosimetry, based on the study of chromosomal aberrations, has become a
routine component of accidental dose assessment. Exposed dose of a patient with
suspected overexposure can be estimated from chromosomal aberration yield of
peripheral blood lymphocytes by applying the yield to an appropriate dose-response
curve. In the radiation emergency medicine field, it is practically important that there is
no strict time-limit for blood collection after the accidental exposure. In the National
Institute of Radiological Sciences of National Institutes for Quantum and Radiological
Science and Technology (QST-NIRS), some biodosimetric methods have been
well-prepared: 1) cell-fusion mediated prematurely condensed dicentric chromosome
assay (PCDC) for triage dose assessment, 2) dicentric chromosome assay (DCA) for
more precise dose assessment within one month after the accidental exposure, 3)
three-color fluorescence in situ hybridization (FISH) analysis for retrospective dose
assessment. The biological dosimetry was useful to support medical management in
cases of restoration workers of the Fukushima Daiichi Nuclear Power Station accident
(March 2011) and workers of the JAEA Plutonium Fuel Research Facility (Oarai, June
2017). Prompt measures are taken for biological dosimetry of mass casualty
accidents/incidents: 1) domestic, regional, and global networking (including
standardization and harmonization of protocols and human resource development), 2)
development of chromosome analysis methods by using automated image-capturing

systems (microscopy and flow cytometry), 3) development of image-analysis softwares.
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