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REZIERDH (DCA)

[Y. Suto et al., Health Physics 105(4):366-373,2013]

%0Co gammaray
(0.5 Gy/min)

Dose-response curve for the dicentric chromosome assay (DCA).
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.
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Patient#1 (2nd Metaphase Frequency: 4.7%)

Dicentric Chromosome Assay

Aberration data

Dicentrics observed: 19
Cells scored: 1500
Aberrations per cell: 0.0127
Class No. of cells

0 1482

1 17

2 1

3 0

4 0

Statistics of the observed distribution
Dispersion index: 1.093
u - value: 2.625
Distribution is Poissonian: No

Partial body exposure

Partial body dose [Gy]: 1.1344
Percent of body exposed [%]: 15.23

Q S Thatistiansianssissestanugnirs eisnse -1 TIDioky

3-color FISH Assay

Aberration data
Chromosome Exchanges observed: 22
1st Metaphases scored: 1743

Aberrations per cell: 0.0126
Class No. of cells
0 1722
1 20
2 1
3 0
4 0
Statistics of the observed distribution
Dispersion index: 1.079
u - value: 2.384
Distributionis Poissonian: No
Partial body exposure
Partial body dose [Gy]: 1.0585

Percent of body exposed [%]: 18.06

Cardiac catheterizaion
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aberrations/cell = aD? + bD + ¢
aberrations/cell = aD + c

[D: dose (Gy)]



abermrations per cell

BRHD

aberrationsicell=aD*2+bD+c

() A —FA—23214E

Cytogenetic Scanning System
(Zeiss/Meta-Systems)

- Automation of

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

aberrations/cell=aD"2+bD+c aberrationsicell=aD"2+bD+c

=
.

abermrations per cell
aberrations per cell

=
=]

Dose-response curves of 6°Co gamma-ray by

(left)
(middle)

(right)

National Institute of Radiological Sciences

manual scoring
automated scoring
automated scoring revised by manual scoring

[Y. Suto et al., unpublished data].
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Imaging Flow Cytometry (FCM)

ImageStream* (1S*) Mark Il (MilliporeSigma)
with Time Delay Integration [see Review by R. C. Wilkins et al., 2017]

Application to
- Dicentric Chromosome Assay
- CBMN assay

- YH2AX assay

KCI Dose Response Curve
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2) cryopreservation (i FH

Yumiko Suto et al. : Cytogenetic Examination of Human Peripheral Blood Lymphocytes
Cryopreserved after Gamma Irradiation: A Pilot Study. Cytologia 85(1):71-77,2020.

QST National Institutes for Q uantum Science and Technology



Pilot study - Cryopreservation of PBMCs -

The potential usefulness of lymphocytes cryopreserved

for longer than one year was assessed by 3-color FISH.

- A new strategy of preparedness for triage in mass-
casualty radiation incidents/accidents.

Table 1. List of isolated peripheral blood lymphocyte specimens examined in this study.
All cryopreserved cells (storage duration: one to 5 years) were successfully cultured and
a sufficient number of metaphase cells for the analysis of chromosome damage were
obtained.

Lymphocyte culture Donor Dose Cryopreservation Cell number Recovery and culture Cell Number Storage Duration
(Gy) (Month/Day/Year) x10° (Month/Day/Year) x10° (Year)
Cryopreserved
Specimen-1 A 0 5/19/2014 8.0 8/5/2015 1.9 1.2
2 A 2.0 11/18/2014 12.0 6/6/2016 2.8 1.5
3 A 2.0 11/18/2014 16.0 6/6/2016 4.0 1.5
4 A 1.5 10/28/2014 20.0 3/15/2018 4.0 3.4
5 A 1.5 10/28/2014 20.0 9/24/2019 4.5 4.9
6 B 2.0 7/14/2014 9.1 7/21/2015 2.6 1.0
7 B 2.0 7/14/2014 9.1 3/15/2018 1.9 3.7
8 C 0.3 11/17/2014 19.0 3/15/2018 6.4 3.3
Fresh
Specimen-9 A 2.0 - 9.0

QST National Institutes for Quantum Science and Technology [Y, Suto et al., CytOIogia 85: 71'77, 2020]



Division activity of human peripheral blood lymphocytes
cultured after cryopreservation

Figures 1 (left) & 2 (right). Microphotographs showing division activity of
human peripheral blood lymphocytes cultured after five-year cryopreservation.
Scale bar=100 um.

QST National Institutes for Quantum Science and Technology [Y, Suto et al., Cytalogia 85: 71-77, 2020]



3-color FISH analysis of PBMCs cultured after cryopreservation

Figure 3. Metaphasecell showing a dicentricchromosome and an associated
fragment (red, chromosome 1) observed in culture of peripheral blood
lymphocytes cryopreserved for 1.5 years after 2-Gy gamma irradiationin vitro.

Scale bar=10 pum.
QST National Institutes for Quantum Science and Technology [Y, Suto et al., CytOIogia 85: 71'77, 2020]



3-color FISH analysis of PBMCs cultured after cryopreservation

Figure 5. Metaphasell cell observed in cryopreserved lymphocyte culture
from specimen 2. The modified FPG method provided differentially stained
chromatids. The translocation between chromosome 1 homologs (red) was

transmitted tothe metaphasel cell. Scale bar=10 pum.

[Y. Suto et al., Cytologia 85:71-77,2020]

QST National Institutes for Q uantum Science and Technology



Table 2. Results of cytogenetic examinations of cultures of fresh and cryopreserved
peripheral blood lymphocytes.

Cells with
Lymphocyte culture Dose  Cryopreservation Total no. of dicentrics  centricrings simple complex Ml cells”
(Gy) (Year) cellsexamined translocations  translocations
[%] [%] [%] (%] (%]
Cryopreserved
Specimen-1 0 1.2 1,007 0 0 2 0 20
[0.20] - [1.99]
Specimen-2 2.0 15 521 147 17 47 7 11
[28.21] [3.26] [9.02] [1.34] [2.11]
Fresh
Specimen-9 2.0 - 393 107 16 44 5 7
[27.23] [4.07] [11.20] [1.27] [1.78]

* M Il cellswere not included in the chromosomal aberration scoring.

Table 3. Comparative analysis of the yield of dicentric chromosomes between cultures of
fresh lymphocytes and cryopreserved lymphocytes (1.5 years after 2-Gy gamma irradiation).

Lymphocyte culture Dose Totalnumber of Distribution of dicentrics per cell Goodness of fit to Dicentrics
(Gy) cells examined 0 1 2 3 4  Poisson distribution per cell  Var/Mean
Cryopreserved
Specimen-2 2.0 521 374 127 18 2 0 0.90>p>0.75 0.324 0.961
Fresh
Specimen-9 2.0 393 286 91 15 1 0 0.90>p>0.75 0.316 0.973

QST National Institutes for Quantum Science and Technology [Y, SutO et al., CytOIogia 85: 71'77, 2020]



Cytogeneticdosimetry
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* CABAS, DoseEstimatev.5 Z{E > TLN\f=HIZIZ

Biodose Tools
https://aldomann.shinyapps.io/biodosetools-v3/

* ROMEZ B L5656 TE
Radir

radir package: an R implementation for cytogenetic biodosimetry dose estimation

David Morinaet al.,
J Radiol Prot35(3):557-69(2015), doi: 10.1088/0952-4746/35/3/557

QST National Institutes for Q uantum Science and Technology



Biodose Tools
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Biodose Tools
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Atilla-Gokcumen GE, ACS Chem Biol (2010)
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CBMN “cytome” assay

Fenech M, Nat Protoc (2007)
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Fenech M, Nat Protoc (2007)
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CBMN assayD{EETIIE

Blood PBMC Blood Hypotonic Slide
collection isolation culture treatment/ preparation
Fixation

Staining Scoring

Spreading

Cytocentrifugation

I8 Tomisato MIURA




PRIn & MiZEXICH TS FEEHEIA

« ZRIM K, PURERIE LTY T TVLANY VY EEF MY T LANY
/%aihmﬁ%@ 19 %,

e MEZFHENL (DA< EH5ml)  $20°C (18-22°C) IZHEFFL .
AR T2EEILNIC CE BT B ANAF R A b U — T Bk
9 5,

s RBDTEMUZMERL., BERDORNEECT-ODOFHIEELZ E
TAHIMENHSD (NAF T —KFE)

CEERDBENEEINTWSZ L ARRT 57010, BEQH—
= AND,

!-5 Tomisato MIURA
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PHA Cytochalasin B
(3.0 ~ 6.0 ug/ml)

WB
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RARA7Z7—/NA4 7 X:A+Bvs.C+D
Fenech M, Nat Protoc (2007)
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Goh et al. 2021 (CRG)
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Goh VST. Int J Radiat Biol. 97(2):194-207 (2021)
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Bright field microscopy Fluorescence microscopy
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IAEA, EPR-Biodosimetry 2011
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IAEA, EPR-Biodosimetry 2011
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10 healthy females aged 20-45 y
1.5 Gy (dose rate 5 Gy min)

Fenech M, Health Phys (2010)
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IAEA, EPR-Biodosimetry 2011
Bonassi S, Environ Mol Mutagen 2001
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