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Abstract

Dicentric chromosome assay has been widely usedyaflen standard for evaluation
of personal biodosimetry in the world. InstituteMdiclear Energy Research (INER)
has established biodosimetry laboratory and relagsthniques for evaluation of
personal biodosimetry. Moreover, we have collateatavith Dr. Livingston (United
States REAC/TS cytogenetic biodosimetry laboratory. Yoshida (Hirosaki
University, Japan) and Dr. Wilkins (Health Cana@anada). This year, we have
legally obtained human peripheral blood lymphodyyeapproval of protocol by IRB
in Tzu-Chi hospital and setup Giemsa stain andfied related SOP documents. We
also constructed domestic biodosimetry network Wizh-Chi University and became
the member of DicentriCount.Org (Pilot website ofodmsimetry). Through
development of biodosimetry laboratory at INER,wibuld be helpful to set up
accidental exposure contingency procedures and lajevean international

biodosimetry laboratory.
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Tnen  HARREE R (Fukushima Daiichi nuclear disaster )

(EDNESS AND ASSISTANCE NE

RADIATION EMERGENCY MEDICAL PR

REMPAN

National Institute of Radiological Sciences
P

NIRS L5 Text Size Lsa]@A

World Health §
Organization The Nation:
‘national cener for radiation emergency me

‘mclear disasier_prevention system of Japan. Since the Fukushima

Nuclear Power Station accident on March 11, 2011, NIRS has received
Editorial In this issue many requests by e-mail and phone from colleagues throughout the
MO e espons e Pk e i world including those of WHO BioDoseNet.

Radiation Emergency Medical Preparedness for gy iiyee months. we received nine blood smples from workers for
Accidents Network (REMPAN) Dicentric Analysis. Fortunately their doses of external exposure were

stitute of Radi

ical Sciences (NIRS) is the
dical in the

telatively low. and thus we scored 100 cells / donor for triage and 1000
cells / donor for dose estimation.

Dicentric
Chromosome

sTERTHRY

SRR ERSE AN B S B SR B R T
SERN BEIR S S SR s

5 R B L B o T Rl S e B A

HEAT N BB R B E AR R B A
HET T N BEA RO R R 5 -1 ~ 2)

RN BRI R S 2 N T (IRB)(8/4)

Cytogenetic Biodosimetry Eestred Vil

gl USA ORISE JzJapan NIRS Biodosimetry Labs 7 & ERHE » BUS-HISEZ0

TR IT-AE 2R I W L RETH 5 A

TP IR RE 2% IR W B RETT 58 A

TT I BT AE 22 R W B RETT 55 A TR BT HE 22 IR W 1 RETT 58 A 8
) & 9
S RRARZYMERREZ AMSRIES (R8) > ARERE RS
(/\INE (INER
e 715(=) 13:30~15:30 IRB# %] £ 4 A €3k (#30)
AT A FEFRIRT
RE
717(m) 10:00~12:00 A e A R R-10R3) Bls3
13:30~15:30 A e 2 AR R R-200) 2163
8/4(m) 10:00~12:00 3 & 48 4 2 fudg 4+ 2 M 5-1(33R) 21634
13:30~15:30 3 & 48 4 2 fuda 4t 2 M R-2(130) 2163
8/11(m3) 10:00~12:00 Ax5eififz » fafss A RAAE-LAM) 21634
13:30~15:30 iSeififz » fafis A RAMAE-2(AM) Bl1634
B E
8/22 (—) Blood culture (458 4 85 P 42 )
8/24-26 (. Lymphocyte metaphases harvesting and taining and C-banding
9A trijAg (FekR)
. 8
TBERTEEAT TR IR AE 2% IR W AT 58 A m
o\ ava )
< > < >
[ NER JNER
=es=. Livingston, Gordon [Gordon Livingston @oriss orsu.gov] FEEE 201176 (EBS) FE 1132
F5=: Miuaki Yoshida fmyoshida@co hiroakivnae.p] TEER 2011/7/11 @F-) L0741 reE FER
neE EER EES
RE: About biodosimetry laby
RE: About biadasimetry lab =
= A8 | TAFRRIStucly.doc.pof (140 KE) T AFRRI Triage Studly 2011.pdf (399 KB)
Dear Dr. Chang 2 = Livingston webbased scoring.pdf {239 KB) | [#] ROMM Dic Photo.TIF (830 KB)
Thank you very much foryour e-mail and | am very sorry for late replying. Now, we are contributing to the screening Dear Dr. Chang, 5
of surface contamination of the peoples living in Fukushima Prefecture.” We did not have any peoples who must receive
the dicentric assay. If you want to have a cooperation vith me and our laboratory. we will iniroduce our techniques for itis a pleasure to hear from you regarding your efforts to build and operate a biedosimetry laboratory. | will be
dicentric assay, translocation assay, PCC assay and so on. Do you have any standard curve to estimate the radiation happy to collabarate with you and help you in whatever way | can. We can start right now with three reprints
dose? which I have attached to this e-mail. The two AFRRI studies have some important content relative to inter-
Iaboratory comparison studies that will be very helpful for you. Also, the preprint entitled “Pilot Website to
After] moved to the Hirosaki University, | established new lab. Ourlab has some automation system to "
Support Ir Ce Ifor Dose in a Radiation Emergency” represents a major effort of
process a lot of specimen; automated harvester, automated slide preparation, automated metaphase finder and ikt iat 5 i i
A L ours to utilize the Internet to facilitate netwark scoring of chromosomal aberrations.
1 am not charged in the NIRS lab, which accepted new laberatory head. | am doing independently. To put itanother way, the dicentric chromosome aberration assay as you know has five major steps, 1) cell culture,
2) cell harvest, 3] staining of chromosomes, 4) image acquisition, and 5) image analysis. We have shown that the
Th i tem is very very imporantissue 1f youwant me to hay peration Lagr scoring of metaphase spreads using electronic images {see attached image) is as accurate as using “live” images in
vith it anytime. Now, | am supporting the establishment of biodosimetry system for Thailand and South Korea. Last year. the fikroseope. This masns that the scoring can he cdndiicting on the i nterriet thereby hnking s all &round the
we accepted the researcher from South Korea for a training of cytogenetic biodosimery for three month warld to assist ane snother with the scoring, This s especially mportant for us! in our laborstory since we have
Thank you very much again only two persons qualified to read the metaphase images.
Best regards L Finally, thank you for the invitation to visit Taiwan which | am happy to accept. | wouid be happy to be a speaker at
the symposium you are planning in December of this year. My laboratory assistant is on vacation this week but
when she returns | wil have her send you some materials refated to protocols and operating procedures.
Thank you for the contact and again we will do whatever we can to assist you in your work in Taiwan. L
12
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Outline

Biodosimetry Development at Institute of

Introduction
Nuclear Energy Research

Establishment of Biodosimetry at INER

in Taiwan

BioDoseNet in Taiwan- INER and TZU
International cooperation

Chih-Hsien Chang, Ph.D. Summary
Isotope Application Division,
Institute of Nuclear Energy Research (INER),
Atomic Council

2011.12.14

Institute of Nucl E R h Biod try Laborat & &y g
Institute of Nuclear Energy Research Biodosimetry Laboratory § NSWUteloN HuclearEne gy eseaCHIC | 0d0 ATy LEUOTMOTY HW N ‘J‘

Government Requirement Biodosimetry

Biodosimetry is the use of a biological response to help
determine the radiation dose received by an individual when

Nuclear power plants . ; . .
physical dosimetry is not available.

4 (3+1) Nuclear power plants in Taiwan

Radiation workers (44,000)
Nuclear power plants

Medical and research use
Industrial use

Natural radioactive sources

Biodosimetry estimates dose on the basis of radiation-
induced chromosome aberrations in circulating lymphocytes.

Dicentric chromosome assay

(DCA) is based on the

frequency of radiation specific

aberrant chromosomes with

two centromeres (dicentrics) in 2.
an irradiated individual's Bl c
peripheral blood lymphocytes.

; odost % i‘» ; odost % i* :
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{ A . L’ an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{ A . L’

Biodosimetry

DCA is widely accepted as a diagnostic test for radiation
exposure and is considered the “gold standard " in radiation
protection.

However, the assay is labor-intensive and time-consuming, Establishment of Biodosimetry at INER

strategies are needed to increase throughput for use in
radiation mass casualty incidents.

Using the Internet to share images between laboratories has
the potential to overcome this limitation.

< k8
Institute of Nuclear Energy Research Biodosimetry Laboratory % H‘{ ggdk
INER i‘i A i

Institute of Nuclear Energy Research Biodosimetry Laboratory % H‘{ ggd
INER i‘i A




Bi imetry Lab in Taiwan
Qdosmetiolan awa Biodosimetry Lab at INER (2011.6-)

“ Government stage: 1970-2006
-- Institute of Nuclear Energy Resaerch (INER)

- INER closed biodosimetry lab in 2006 1. Dicentric Chromosome Analysis (DCA)

should be established as a golden standard
for radiation emergency.
Cooperation with domestic and
international laboratory.

. Joining international network
assessment /validation.

= Semi-Government stage: 2009-present
-- Biodosimetry lab in Tzu-Chi Univ was funded from AEC (2009) and
Taipower company (2009-2010)

~ BioDose network stage in Taiwan: 2011
-- INER established the Biodosimetry lab in 2011, supported by AEC
-- INER cooperates with Tzu-Chi Univ to setup the Biodose network in
Taiwan

i . ) Y = i i . ) g = i
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ | . I’L’ an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ | . I’L’

Recent vs. Retrospective Exposures

* Recent exposure (acute)

Dicentric chromosome assay (Giemsa stain) for unstable

ghedios BioDoseNet in Taiwan- INER an

» Retrospective exposure (chronic) - Future
Translocation (FISH) for stable aberrations

FISH : fluorescence in situ hybridization

i . ) Y = i i . ) g = i
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ A . I’L’ an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ A . I’L’

Co-60 irradiation in water

Blood smaple

Shielding —| [ *
(Pb - stai

Biodosimetry Lab Network (2011)

Taoyuan

Irradiation of cells Collect & providing blood samples ]

%

siemermim | DCA analysis
|

e Establishment of ¢ Co
gamma ray calibration
curve for Taiwan

Radiation Emergency Assessment

= B
Institute of Nuclear Energy Research Biodosimetry Laboratory e % H‘{Wﬂl’k
o L o)

INER

- oy
[Energy Research Biodosimetry Laboratory % H‘{Wﬂl’t’
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TLD dose (Gy)

Validation of radiation dose

4 Real dose was calculated using
Alanine/EPR dosimeters.

4 Average dose rate to water in the
target zone on the day of field
mapping was 0.633 Gy/min

4 Thermo Luminescent Dosimeters
(TLD) were used to validate the doses.

@ TLD were irradiated with 1, 3 and 5
Gy %Co rays at room temperature,
respectively.

y=1.978x-1.0047 R2 =
9985 .

real dose (Gy)

Institute of Nuclear Energy Research Biodosimetry Laboratory % H‘{ ’gg
INER i‘i !

Dicentric Assay

4 blood sample are collected and shipped at room
temperature to INER
4 Blood samples were irradiated with Co-60 in water

4 Packing of whole blood
samples were cultured in
flasks

4 whole blood cells were cultured with
PHA under sterile condition in an
incubator for 48 hr

4 Culture samples are centrifuged and cells are
resuspended in hypotonic solution.

4 Further centrifugations and re-
suspension of the cells in fix
solution

4 The fixed cell suspension is
then dispensed on slides and
stain

4 Chromosomes were observed
under the microscope

an Institute of Nuclear Energy Research Biodosimetry Laboratory

Automated Cytogenetic Workstation

Specification:
Digital . » ZEISS Axio Imager Z2 OEM
microscope:
. Eyepiece PL 10x/23 Br. foc.
Objective EC Plan-Neofluar 10x/0.3
M27 & 100x/1.30 Oil M27

Automated slide scanning
stage (8 slides)

Metafer 4 system software:
1. Msearch
2. Autocapture
3. DC scoring

100x magnification. The
ically by the automated

A digital photo of the metaphase spread is taken at
capture of the images can also be performed automat
cytogenetic workstation.

. ) . g = k8
- Institute of Nuclear Energy Research Biodosimetry Laboratory </ *i“ ' "

Criteria for DC Scoring

Mid-metaphase morphology

Intact spread indicated by 46 centromeres
Distinct chromatids & centromeres
Minimal overlapping of chromosomes
Uniform staining

Missing acentric does not disqualify a
dicentric

From Dr. Livingston, USA

i ) . g < N
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ A . L’

DCA for chromosome aberration

5Gy

B - N = e .
Run Institute of Nuclear Energy Research Biodosimetry Laboratory </ *i“ ' L’




International cooperation

Interlaboratory Comparison of the Dicentric Chromosome Assay for
Radiation Biodosimetry in Mass Casualty Events

Ruth C. Wilkins.* Horst Romm.” Che Akio A. Awa# Mitsuaki A. Y
Mark S. Jenkins.” Oestreicher,” Terry C. Pellmar’ and Pataje G. S

International cooperation

4 Canada, Consumer and Clinical Radiation Protection Bureau, Ottawa, ON KIA 1C1, Canada; ® Bund
ventive Medicine and Division of
Tennessee 37831,

Pilot website to support
Biodosimetry labs collal i ks b enesicys
with INER:
- Dr. Livingston (United States)
- Dr. Yoshida (Japan) Radiation Research 175, 397-404 (2011)
- Dr. Wilkins (Canada) Radiation Measurements xxx (2011) 1-4 19

i . ) Y = i i . ) g < T
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ | . I’L’ an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ | . I’L’

International cooperation International cooperation

4
e Japan: Hirosaki University [
« Dr. Yoshida

* Chromosome Network

¢ —SOPs

* -- Training for techniques and analysis
+ -- Validation and certification

 -- Join international network

» Canada: Health Canada; Carleton University
Dr. Wilkins
Canadian Cytogenetic Emergency Network (CEN)
Chromosome Network

Training for techniques
DC analysis

2 T
an Institute of Nuclear Energy Research Biodosimetry Laboratory </& HW@I"’

E-mail scoring of chromosome images (20)
A. Radiation M easurements 2011 B. Taiwan (5at INER, 2at TZU)

Dicentrics 26 26 2726 25 26 25 27 27 25 23 26 27 26 26 25 | Scorer ID 1 2 3 4 5 6 7
Dicentric 24| 2 28| 2B| U| 5| B
eencst 6 515 206 6l 6166 e s s aieis| (TS, s 2| 7| 1| 71| 7| 7
Dr. Livingston Quandrace: 1
Sharing experiences Qi H L9
Lymphocyte cell culturing Dicenrickauiy 38 36 37 40 37 38 37 39 3 37 35 39 40 34 3 3 m M| 35| 3w 39| 8 9| 4
Preparing cell culture reagents =
Scoring metaphase cells for dicentrics e Rae S ¢ T Mean T Lower95%Cl — Upper95%Cl
DicentriCount.Org ) | 1 ;1
(INER has become a member in 2011) S . . gg f \ r \ H ] 1 { { —
Obtain 20 (by e-mail)/48 (by website) images E - g ’
files from DicentriCount.Org E 2 by . M
I o T
serrer i

A: The total dicentric equivalent countswere summarized for each scorer and ranged 34 to 40 with an average
. - of 37.4for the 16 scorer s (Radiation Measurements xxx, 2011, 1-4)

Institute of Nuclear Energy Research Biodosimetry Laboratory % !7 v '] "f* The total dicentric equivalent countswere summarized for each scorer and ranged 34 to 42 with an average
oEn _H \T I‘L’ of 37.4 for the 7 scorers (Taiwan) 23

REAC/TS : Radiation Emergency Assistance

@




Internet scoring of chromosome images (48)

B. Taiwan (4 by INER, 2 by TZU)
A. Radiation Measurements 2011 "g""l“}é"miw

b T e I ——

“ S O W "" I 1

: JH“HM [T - —
FrrT E Tt

= 0

. % T s s s
S
Fig. 2. Internet exercise. Scorer ID

@ The total dicentric equivalent counts
were summarized for each scorer and
ranged 47 to 67 with an average of 58.3
for the 6 scorers (Taiwan)

® Thetotal dicentric equivalent count
ranged from 50 to 63 with an average of
57.7 +3.35 for 20 scorers.

(Radiation Measur ements xxx, 2011, 1-4 )

24
. . . & | N8 N

Institute of Nuclear Energy Research Biodosimetry Laboratory /& ﬁw d 7
Fan il

Summary

INER Biodosimetry Laboratory  (2011)

Establishment of Co-60 irradiation protocols and re lative
SOPs for DCA

Cooperation with Tzu-Chi University
IRB submmitting and approval for blood samples

Inter-laboratory comparison and cooperation with Tz
Chi University

International cooperation with United States, Japan
Canada

Institute of Nuclear Energy Research Biodosimetry Laboratory % *i“ ggd

Further Works

Establishment of a dose—effect calibration curve  for the
yield of dicentrics for  6°Co rays

Advance training for chromosome analysis
QC and QA compliance
Cooperation with international reference labs

-- Validation and certification
-- Joining international network

i ) . g = T
an Institute of Nuclear Energy Research Biodosimetry Laboratory </ H‘{i“ A . L’
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Methanol 1 7L 720
Acetic acid 1 7L 1280
Wrigh't stain 1 7L 8000
Trypsin (1:250) powder 1 7L 6460
RPMI-1640 medium 4 7L 6000
Fetal bovin serium 2 7L 8000
PHA 2 7L 2800
EtBr 1 7L 1800
Colcemid 2 7L 3000
®* g 25K 8 i» 430
® % £ 100 % 1 i» 160
WIFE 2 £ 2400
KCl 1 7L 500
Penicillin/streptomycin 100X 1 7L 500
L-glutamine 1 7L 2500
PH7.0 buffer tablet 1 7L 1428
5 ml pipet 1 # 1200
10 ml pipet 1 # 1329
1 cc # [7 Syringe 20 Ea 32
5 cc # f Syringe 20 Fe 75
3 cc drop 1 £ 3383
Sy 15 £ 3150
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5 Blood culture

6 48 h - Lymphocyte metaphases harvesting

6 72 h - Lymphocyte metaphases harvesting

6 Staining and C-banding

4 Dicentric analysis I

3 Dicentric analysis 11

8 Chromosomal analysis under microscope

4 Cytogenetic Nomenclature (ISCN) I

4 Cytogenetic Nomenclature (ISCN) 11

8 Pk A2 Y] SOP i =

\\\?{r
— <k
T o
hpas!

Press. 1997

2. Chromosome Abnormalities and Genetic Counseling (2 Edition) by Gardner and

Sutherland. Oxford University Press. 1996

The ACT Cytogenetics Laboratory Manual (3rd Edition) byM.J. Barch et al. Raven

Cancer cytogenetics (2 Edition) by Heim and Mitelman. Wiley-Liss, Inc. 1995

4.  An International System for Human Cytogenetic Nomenclature (2009): ISCN 2009. by

Lisa G. Shaffer, Marilyn L. Slovak, Lynda J. Campbell. S. Karger Publishers, inc.
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Chr. variation |INER 1| INER 2 |INER 3 |INER 4|INER 5|Tzul |Tzu2 |Tzu3 |Tzu4|Tzu5
Dicentrics 23 23 24 21 24 25 25 22 20 15
Tricentrics 7 7 5 7 7 7 7 6 7 4
Quadracentrics 1 1

Dicentrics Equiv| 37 37 34 35 38 39 42 37 34 23
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