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Abstract
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Purpose: Radiation-induced chromosomal damage and apoptosis were compared in human lymphocytes.
Materials and Methods: Peripheral lymphocytes from 10 normal volunteers (6 males, 4 females, age range

23~41 years) were irradiated by gamma rays from a cell irradiator. Doses of irradiation were 0 (control),
0.18, 2, 5, 10, 20 and 25 Gy. Irradiated lymphocytes were examined by metaphase analysis for chromoso-
mal aberrations and by flow cytometry for apoptosis. Results of both studies were compared according to
dose. Results: Number of dicentric and ring chromosomes (D+R) was 0.5%0.53 at baseline, which was
significantly increased after radiation according to the dose. The fraction of cells showing annexin V-fluore-
scein isothiocyanate uptake was 0.5520.39%, which increased to 3.58 £1.85% by 2 Gy irradiation, and then
decreased. The fraction of cells showing propidium iodide (PI) uptake was 0.52£0.12%, which significantly
increased according to dose (upto 15.64+5.99% by 20 Gy irradiation). D+R and PI uptake were well corre-
lated (r=0.84, p<0.001). Conclusion: Radiation-induced chromosomal aberration was correlated to nuclear
uptake of PI, a marker of late apoptosis. (Korean J Nucl Med 1999;33:94-9)
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Fig. 1. Demonstration of flow cytometric assessment of early and late apoptoses of lymphocytes after
irradiation. Abscissa indicates annexin V (AV) uptake and ordinate indicates propidium iodide (PI)
uptake. Dots are aggregated in the left lower portion (low AV and PI uptakes) in control, right lower
portion (high AV uptake and low PI uptake) in early apoptosis, and right upper portion (high AV and

PI uptakes) in late apoptosis.
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Table 1. Results of Metaphase Analysis of Unstable Chromosomes and Flow Cytometric Assessment of
Apoptosis in Lymphocytes of 10 Volunteers according to Irradiated Dose

DOSE (Gy) D+R Ydr Qdr EA(%) LA (%)

0 0.50+0.53* 0.00+0.00 0.50+0.53 0.55+0.39 0.524+0.12
0.18 4704095 0.02+0.01 1.4440.29 0.93+0.21 1.85+1.22
2 34.50+3.63 0.17+0.02 1.4140.16 3.86+0.82 6.17+0.90
5 88.10+2.08 0.4440.01 1.324+0.07 3.53+1.24 6.94+137
10 178.60+2.91 0.89+0.01 1.39+0.03 3.58+1.85 7.9340.66
20 213.00+11.18 0.89+0.01 1.83+0.11 1.86+0.19 15.64+5.99
25 245.90+8.24 1.2840.01 1.90+0.07 2.15+0.38 14.6444.39

* mean+SD; Abbreviations: D+R; sum of dicentric and ring chromosomes, Ydr=(D+R)/600, Qdr=(D+R)/
number of lymphocytes showing dicentric or ring chromosomes, EA; early apoptosis, LA; late apoptosis, SD;

standard deviation.

Table 2. Correlations between Metaphase Analysis
of Unstable Chromosomes and Flow Cy-
tometric Assessment of Apoptosis in Lym-
phocytes of 10 Volunteers after Irradiation
of Variable Doses

Ydr Qdr EA LA
D+R 0.99* 0.64* 0.21 0.84*
Ydr - 0.63* 0.23 0.80*
Qdr 0.22 0.63*
EA - 0.23

* p<0.01, Abbreviations: see Table 1.

6. SHEY

PCE SPSS Zzadg o] fslo BAH kA
AHAS] o} GAEAZA ol A HE Pear.
son AP A3, AR o] HHE Hol i ANO-
VA A olgete] ZZwgon, p 3k 0.05 H)ek

& ol FEoR dgee
2 B
1. ZAMMZHE MR 2401 CHEH SO
&4 21 (Table 1)

WARE ZAA e AT 24 o
A7} 0505370 BAE Y ov], HPFANE 2
AR Z71oll vzt Bery daAle) SRt el

Al Z71E 9 vHp<0.001). Table 1of] &3 4
ool Bebd JAA %, Ydr 3% 2 Qdr 3
kgl

2. EARMzbE META CHSE RHIEAS
A3 (Table 1)

Z7] AEaAS} 7] AEIAE Hele HZA
9] % Table 1ol EASIATE ZAAR] F7loll
vt} 27) AEAE F7Vsterh bl Fhamshe o
Ag oy, 7] AEnAE 2ALR uet F
7hske e E3lch

3. B7194 B4 ¥ wAIEAE Zae

AZIZHY E4(Table 2)

Z71G A FolA] Hole E]HA dMxle]
9} Ydr, Qdr 3k 27] AZ Ak f-ol3t o
AE HolA g1, 37| MEZA= ¢ §-2gk
ADNDAE Kol YAz} 1=0.84, 0.80, 0.63;
p<0.01).

] &

rfe

Aol e Aol =AM | Z0] A
£ Axt Ax A el el T AlEe] Wt
oF JAE 2, AlFebe] wiztehs FA} Qo



98 Ukl A33H A 1E 1999

N

o), AT WebA Bkt BEE ¥
AZnAeE Fd Bag Qs 4E
A Ag7hRe) ey daAe] AFEE ¥ Al

F0A4E WeddvhnE ¥ % ek

<

AL 91 BH AZTA AEA] o) 2 7]
A e Frhe Aol o4 daRle] 4ol ofgheia
[«]

1eid Qo o] F sl Aol #ebg od
e, of F 254 A YR AL 2
A7l BUea GRS AP Heksie] &
w7 AA Seko s A7) Fo) Thslel A

AMA| MEE FH EFSE Fho] Ydrat Qdr 3k
olck. Ydr gh2 E9HE AMA 8 e Y=
FTFE T o AANSFA S ERpe] HEF F5
Agke] AFeolw, Qdr ke B4 AMAE 7R
I Foll B "EZFY £4E el gte
2 FEHEA 9% B9 A FFAEE kel
© Ao FE 4#A 9k
g, WA e SjEE |lEaprh Andol] whxlE
71-el AxaAehs £AE Qleh AERA o4
A Zllol] W37} doJufA|ul, 2 LANEE e
sl BANETE ZAAEE Dol 7)Ao AE
uke] Wizl &, AEat] o]F AAFZ F gkl
2 x}5l+= phosphatidy! serineo] ¥to ¥ ZHolx] 1}
L AL PRt T Basguk o]F o] &ulel
AERAS AeFH o2 Reke ¢ 9le who] ok
%)$1=l, phosphatidyl serineo]] annexin V7} 23}
BHE S o]43lo] annexin Vo] 33549 FITC
ol Zlolth o|¢} 3| A&l Aghst= PI
Alof] A-gslw] A E=te] wighe}l Al E e &4t
7 BFHo R 28T 5 glo] AFETAL A
& Qobs & YA =k

AZnAE dobs 5 e Aoz "oy
Ao IALAE Zolhi: #4],” DNAZF E4H
o2 ZAa AL A7]dEsle] DNA Arle] 2ek
& B Y A Zale el Aslel SAHEAZ
Fozy IARES B w5 o] 7k 3
ol 7Mukslo] AgEs Qleh B QA tllA Agdk
2% A il AlErbe] wizkel Al ¥l W

o

e o

o2 o mu

0]
r

£ Al JEE 5 e o] glan, F 7iA|
sy} Akl wel thE2des AS o4 5 9tk
%, AlEete] Wishe 2 Gy ZA7EA & Aol ut
2} F7bshcrt 1 o) el 2313 s 4
Hojom, AlESe] wisle Adko] Frigdel o
AL o2 Zrlsle ok Bk ol B ot
ol A= WA ZAL 3 A Zhef] i} AlE=bo] wislel
AEe] Wzt WAslAE F3lgeng, AEa
A7t A7 o2 AlEate] wisEE] AzEkEeA] o}
Y Alzae] wsrt q-RE FHkskEAd s
A % dhs|Holol & wiAlz AztEch

AEaatel] E4bo] o A FE o] PIVE AJH =,
o5 FAEAIFSH Ax] EF ARE & F
Aedl, B dFele 2A el el Al
Pl H4F7} AEH o2 Frpsiolen, Solsle A
7} F7 44 A EAnfoll 9@l Hg3 Eebd A
9] e} vl ARAE Qi) weld], gEEe
A FEDA A G 27] DHAIQD AlE=he] wdtE o
7] 2AIQD AE ] wishrt Bk d A F
I HAAo] ol 7ozt & 4 Uk HA AA
2/ > 2] 45 7 AR o7 ghedd]
Fo ARZ Bk ANA Alpde] W] Agsxn
Qgovt, B dq-e] Atz 5 Eoby Az
AAlel] ZAE AV B A ZAL 270 AlE
A} A FEE S g ESRe) ZA ol annexin V-FITC
FAIZAZHE ALY 5 gloslw Asdd oel
A, AL IZE5E e Aeg 4o F annexin
V-FITC FAIZAISZHE o &% A7t % o|F

olAol & = er} Yekx RrEh.

¢

re

& oo

= 79| Mgty

2 Ao 2AA%E YJelH o2 0.18,2, 5,
10, 20, 25 GyZ W}ro] ZARIgE, A% WeE
Fv 22 Yrel 248 "Havt 948 Aew
Boleh o] WA ZA 3 AlEate] W3h= 2 Gy
Tolld 7bd A vebkeng, ok} w2 A%
HE F] AgsiA 243 dert 98 Aoz
Ag5w, A7kl whE xo|% 23F A3 Holo}
g Fopolrt. afut, B Aol A el Frtoll v



o} AlEao) wishe} Rabg oA Aalel o] o
ARBAE A3 Feigene AN T
o] Al Ao Busgch

2

2

ggl; zx}x{a&ﬂii o];q] Uh;‘;l_?gf)ﬂ %}E.—YLOHH oé
AA] EAL F7190A] BAYeE, Tra AlES
A4 annexin V& o] 83 GAIZAISH R A3t
sfod ME wlael Fo2, QA WEEN g
7} Z2A A ] whel AN o] 2 S U
Bz siodck CHah 3 Bh: od A o] & Fat
sk Aol gly A7 AH4hA 10 (7 6
A 4vd, Ay 23~41A)E die R slglon
OIEEF#E% HHE xdslo] Aol o] B33t )
12 dolo g He| YELE Helslo] 0.18, 2, 5,
10, 20, 25 Gy & 2ARIgon, ¥AsE 24314
%> HETE Nz o 2 algivh WAl =ARE
AR Rz 27 F7) 3 A B ) Tr/‘ﬂ
FAZFHOE ARG o, Fr)dAA EA o
Al 600748] RIZAZRE] B }xg A A 27;“
AAe} HkA R ok gAY & Al fA
I A2 A AlEatel H‘jy}—\: annexin Vol 7
=l FITCY A2 g, z2lu AEse] Wil Ple]
A E Kokt AT 749 Xjol= ANOVA 74}
2, a8a 5 AARZEY] A3BAIE Pearson®] 4
BHAE dolH kel A WA =SR] o
2 QEFNAE EtA oM7) 0.5+0.537) 32t
H o om, Ag e 2N Totel wie) &
Qg A A7t F-EJshA| 7k 9AvKp<0.001).
ZA4 ] Ftel] whet 7] AELAE Flsct
7} vRA] Al e Holul, 371 Al
ZAA ] whe} FrbslE e Bk 194
A HAollA Hol= ”°P7§> dAA 9] ¢} Ydr, Qdr
27 AZITASYE Fo8 ARDAE HeolA
$ l *ﬂﬂ*ﬁlw ol foI% AHRAlE
Arhp<0.01). H2: 2AA ) wE B
| lWH F7He FAEAISH R A Al
o] wistel WA AAPJAE 7B U3ch
W AlZeke] Wdh= o A Sk BATE 9

I
Z o8 Y

o

i

’

=N
Rl
Kol r-{m

o
Obr

r‘1 ke rf s
;‘_m _l% O_u _04
H

HEl% ) 92l MARRE gt AEA

1

)

2)

3

)

4)

5

)

6)

7

8

9

~—

)

10)

11

~

99

2AAee] F7hol Helete] FrtelAE esk

gn=

ot

Fadok VA, Voelker DR, Campbell PA, Cohen 1,
Bratton DL, Henson PM. Exposure of phospha-
tidyl serine on the surface of apoptotic lympho-
cytes triggers specific recognition and removal by
macrophages. J Immunol 1992;148:2207-16.

Tait JF, Gibson D. Phospholipid binding of an-
nexin V: effects of calcium and membrane phos-
phatidyl serine content. Arch Biochem Biophys
1992;298:187-91.

Meers P, Mealy T. Calcium-dependent annexin V
binding to phospholipids: stoichiometry, specifi-
city, and the role of negative charge. Biochem
1993;32:11711-21.

Stein L, Wang JM. Detecting apoptotic cells by
flow cytometry using annexin V. Hot Lines 1997,
3:12-3.

Wl AR I g AR Mg Ak
o Ag areelEl 1996. p. 193-234.

Ahn YC, Ha SW. Chromosomal aberrations indu-
ced in human lymphocytes by in vitro irradiation
with Co-60 gamma-rays. J Korean Asso Radiat
Protec 1993;,18:1-16.

Kim ES, Kim MS, Seo DS, Jeong NI, Rho SI,
Lee JY, et al. Chromosomal aberrations induced
by in vitro irradiation of 1-131. Korean J Nucl
Med 1994;28:133-40.

Bauchiger M, Kolin-Gerresheim J, Schmid E,
Dresp J. Chromosome analyses of nuclear-power
plant workers. Int J Radiat Biol 1980,38:577-81.
Mirkovic N, Meyn RE, Hunter NR, Milas L.
Radiation-induced apoptosis in a murine lym-
phoma in vivo. Radiother Oncol 1994;33:11-6.
Gong J, Traganos F, Darzynkiewics Z. A selec-
tive procedure for DNA extraction from apoptotic
cells applicable for gel electrophoresis and flow
cytometry. Anal Biochem 1994;218:314-S.
Chandrasekaran C, Gordon I,
Beach D, Jack T, Hannon GJ. Radiation-induced
cell cycle arrest compromised by p21 deficiencies.
Nature 1995;377:312-5.

Brugarolas J,



