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Chromosomal breakage and aberrations induced
by daunomycin in cultured human lymphocytes
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52 (Abstract)

AEWR T EEAEEST daunomycin HHETEEEYMH S
4 (genocytotoxicity) A ? LUK E & EHAMEERHZARTS
ties [P R 7 SRR EER (e A B R AN
ot FEER20-295%) SA daunomycin BREESEEM B4
LA caffeine fEERZEERZ 7L (mutagenic enhancer) °

ANEESREET » daunomycin BEIEMEHIIR T A BT
BrZ4 (chromosomal breakage) @ T B HETZUER RSN EBAE
(p<0.025) » F53 - daunomycin WEEREL THF SR OS2
(chromosomal aberrations) - & LB H A FEFEFEH O RS EGERE
Zea B G AHAC#E (homologous chromosomal or non-homolog-
ous chromosomal interchanges) ; [FE—{GH-E RN ERIL AR
#ZZHL (intrachromosomal exchanges) ; [EIVES Yyt B R s I E RIE L
L BERARYEE( (homologous or non-homologous chromorsomal
translocations) LAREEEGLEEE (ring chromosomes) % -

| R4 e Bl e B BT ZUEE (breakpoints) » S5 A
a7 daunomycin s HREVEN R B R EE N EE L a8
RIBTZLEL - DUR— SRR EHE0EERENE - (mapped
oncogene locations) tHfF& - BES—EHVE » RZEEHN
daunomycin BUREVET S E N S B EREHR F 2 22 2Bk
(mutagenic mechanism) HEMEYVFTFEEEREE F -

AR EWRE - AR R F eSS
{LE (fragile sites) @ &G MEfIE Al fE R EATME 2 e H]
(mutagen) BEUEY) (carcinogen) EERFHIELHY (targets) » BLE
EHFEH (gene rearrangement) HIfE °




HE
g = (Introduction)

SRR SR A N EE EEFZ OEAE
(fragile sites) » EEE G ZEERFHEEERTFEZEMES
2L (break) (Glover 5 A ,1984; Smeets £ A,1986; Sutherland
£ A,1982; Sutherland % A ,1984; Sutherland #1 Hecht,1985;
Yunis F{I Soreng, 1984; Yunis £ A ,1987) - ZFIEHE BT » 158
S EHRET AR RIER K - (BRI ER AR s
Rl - BRI S BRRER - EEgeahs Sl
BEZRIHAVEERERETIAERT] (F1a0 fluorodeoxyuridine I
methotrexate) (Barbi Z A ,1984; Glover, 1981; Yunis £ A,
1987) ; DNA BRAMHIEIZEI(HI20 aphidicolin) ( Glover £ A, 1984;
Hecht % A ,1984; Rao % A,1988; Yunis £ A ,1987) Vb E
(40 busulfan) (Yunis £ A,1987) » DIE DNA {E1EHIHIEI(EIa0
caffeine) (Das 5%,1984; Rao % A ,1988) -

FRELHEEEY) (antineoplastic agents) S EEE SR bR
gLt EE A A (sister chromatid exchange, SCE) #EZRIENETZ -
7] cyclophosphamide ( Huang #1 Furukaga,1978) -
5-bromodeoxyuridine (Ishii 1 Bender, 1978) » CCNU (lomustine)
(Best % A ,1988) > mitomycin C (LattZ: A, 1974; Raposa &
A,1978) = ExT SCE HUIGINSY » EEHUREEYIg s L aRe
24 > a0 bleomycin (Puvirk F Austine,1991) - HIILET4N » 2F
ZHUREEYIIN A REREZEEY) (mutagens) BUEUEY)

(carcinogens) ° MEZEEYBEUEYISEFH B OB KR
H o fRiE Yunis £ A (1987) RUMFSEEER0 © SR PUEEEY)5 158
HEREREEG M ERER - RN e R S 4w
< BHEBERYIS -

Daunomycin (daunorubicin) B&—fE B anthracycline f&&
YR - TR DR HLaEEIE (leukemias) © EAEAHRE
BRI A EERY DNA HOirs » SRR EmiT
(topoisomerase 11) JyR—{EB-DNA HISLEBESYILHIHIARE
HEML ZEf  RBEIHESZE DNA ZEEATEEGIASE
e |




AT BWTYEBEY daunomycin JERETUESEYINIATIE
B {E3E (genocytotoxicity) ° FHY daunomycin FUZIZS ] -
7~ fluorodeoxyuridine * methotrexate » & aphidicolin 2897 - %
MABELER S daunomycin th&s [REMHREZ A AL BRH B B H Ml
BE 7 HEpAIA E RSB 2R © DU B A B e e 8 55
sl ael 7 EMIRIFERER « FEEBAIRAET » daunomycin
AR AENROEBEA SRS RAEEY - I HiE0Es
B R e R R e B A B — B E R E R EL
FEHEKMIE (locations of mapped oncogenes) L - |



A x it e > 24

CRii
ML 51 (Materials and Methods)

2.1 : BEH i |
MEERBZAOMLIERE A (SALBME - St - Fm 20-29)
< ARFRIHA |

2.2 : BEEW:
RPMI-1640 (GIBCO)

2.3 : ZERAENEYE: | |
Caffeine (BAKIEEE 2.5 mM) (SIGMA)

Colcemid (F#&{EE 0.05 ug/ml) (GIBCO)
Daunomycin (FA%8E 0.1 uM) (SIGMA)
FCS (fetal calf serum) (GIBCO BRL)
Fixation (methanol:acetic acid = 3:1) (E.MERK)
Heparin sodium (B Braun Melsunggen A G)
Hypotonic solution ( 0.54% KCI) (E MERK)
PHA (phytohemagglutinin) M form (GIBCO)
PSN (penicillin, streptomycin, neomycin) (GIBCO)
2.4 F7s:

Lamina Flow : Bellco Glass Inc. (USA)

Incubator (B2&58):
Forma Scientific Steri-cult incubator
temperature 37°C, Humidity 60-98%,
CO2 control 5%.
Water-Jacketed incubator

Centrifuge (Bf/ (V) :
Time and Speed ( 8 min X 1200 rpm)
Hitachi

Slide warmer (HEF#)
Fisher



5 : BETEETER
 BAEEEL RPN MR ERE pretest ZEHE(RER—)
2 ARERYEEE (cell culture)
#HEY 25 ml peripheral blood + 0.3 ml heparin
| | #@ 30 min
4 buffy coat (lymphocytes) Z I 0.5 ml

BmAE 9.2ml g RPMI-1640 B2&wh
(RPMI-1640 & 15% FCS K. 1% PSN)

FEANMEE 4 EEHE > 25BHETS
culture 1,2,3,4
A 0.2 ml PH\;\ (phytohemagglutinin)

B ARFEF (inctbator,37°C,60-98% humidity,5%C02)
66 h

v
FAEE 1,2 2 cultures 9 BIH0A. 0.1 ml #Y
daunomycin (O.l uM AR

22 h
FE cultures L‘:im%ﬁ%ﬁz RPMI-1640 ¥k

PR 1,4 2 cultures 1A 10 ml RPMI-1640
B2 (£15% FCS K1% PSN)
fahs 2,3 & cultures HIANAS.9 ml ZRPMI-1640
BEEWw (& 15% FCS E1%PSN) #1 0.1ml =
caffeine ( 2.5mM FHREE)

6 h
gl (cell\karvest)

2.5.3 : WL R i

FEUCTERT 20 min & 0.1 ml colcemid (0.05ug/mi)
A culturesl



W T A B AT LS
JEEL 8 min, 1200 rpm

(Edlk e Moyl

HIA10 ml B9 0.54% KCI {RIEBIR
16 min
ﬁs@[) 8 min
B L

l .
A 8 ml EEWR (FEE: KEEEZ=3:1)
30 min
J,{%ﬁ/[p 8 min
A 8 ml EER’
i/ B 8min
ElE IS

A 8 ml EEWR
5 min

' y BEs 8 min

s EiEw

JA 0.5 ml EER @ HYBRFH
ﬂ%?ﬁ??i&?%@%%’f&}#_t

BRI EREAEE BTC)
24 h
LL Trypsin-Giemsa staining /FiAETHE
(R Wright's stain)

2.5.4 : HEORERYEREEL AT
TEEER R T RN R B e R R PRI
#iiE(metaphases) » f—EEIITRCS% 100 {H
metaphases ° BT SEfgSE » AlFLUR
FENGHEF R R (karyotype) » F{HEKEE ISCN (1985)
HEYE A ST SR L R BERTITZUEE (breakpoint) o

2.5.5 : MEtHIE




AEE DL ANOVA (analysis of variance) 547
Mris e IR E M TR AR E R 2R
WL E L DIEkEE (multiple comparison tests)
e EIEPEIREEZRE (Rosner % A,1990) -



Afy = =t

5

f55E (Results)

4 FEAFESERA AT (AR —) » HERAEaiEE
%ﬁf(frequency of chromosomal breakage) 2138 —. Fi/w ° HHE
o MR 193 (EREE RO —REL ERIERTSL - AL - iR —
AJLIEEE daunomycin FRaf@n A S BT B ARG IR S - &
F IR EREETSE(E 100 @EPE%EH@Z%@%E@?%@ + 1R
) T

1. Control # (B daunomycin B caffeine &) : 1.2+ 0.4 -
2. Daunomycin #H : 277.3 +30.5 - |

3. Daunomycin + Caffeine # : 404.4 + 33.9 -

4. Caffeinef : 12.8+1.7 -

(B — /5o nHIEEMEE TATRE daunomycin 3 ?&XE’J
FOBESANAERERY - KERaI I (karyotype) KIS -
MR daunomycin ATsARRYREEBERELC 2P INE = (R=
FslT R E R R PA BB -

FZ AR, - daunomycin + caffeine JREEAH B Jetafs
R 28, daunomycin AIEEEEREHEFS - 47 © daunomycin +
caffeine HHEIZEE] 201 {EHREFEDHH—REH - HLER
caffeine AJ5R{LELAEEES daunomycin BURAT BRIETZ -

Daunomycin BR T KB EEETR ) FIFHLEZE
ZEFF L ARG AR (chromosomal aberrations)( RIE]
) GEIRELEREERE - FFRLEEAEARH (homologous
chromosome interchanges) (& —A) » [EIVRGL G EEE]
(homologous chromosome translocations)([& —B) @ FEREIVEZE
#E R AR (non-homologous chromosome interchanges)
(Bl —C, D) » HEY- AR (complex chromosomal
interchanges ) (B —E) - FJEFERYEEE#E 7 (non-homologous
chromosome translocations)([E —F) » ARG E 85
#4 (intrachromosomal exchanges) (B —G) » DIREBEF Y0
(ring chromosomes) (& —H) -



GBI PR G @it & - AT S e e e,
BECETRER (R =M -

Fo% » EEEE daunomycin BUREISLEREN ENIEAEEYIAT
FETELI SR - DA AR S A 2 5 e i B B R
FIATR= o




HIUE ;
5w (Discussion)

TR » N ERE DEETFSHISIENE (fragile sites) #f
2 - B FMME S EER R ERER MR AR
Z1 (Glover %% A ,1984; Hecht flI Sutherland, 1984; Smeets & A,
1986; Sutherland, 1982. 1985) - ZEIEE &M [ » Y isHIRETZY
PEERIEEAR - HE > RS EMEENR—SIEYy > BITER
BRIV EE DM ERIFRIR - 18 Bepes [ K EET R ZER
S PUEEITUEZEYA fluorodeoxyuridine
£ methotrexate (Barbi £ A ,1984; Glover &£ A, 1981; Rao ¢
A, 1988; Yunis % A,1987) » DNA SE&#IEI%I40 aphidicolin
(Craig-Holmes % A, 1987; Glover % A ,1984; Hecht f1
Glover ,1984; Rao % A, 1988; Yunis 55 A, 1987) AEAH(LN
busulfan (Yunis £ A, 1987) » K DNA {E/EHIHIE4N caffeine (Das
HA,1984; Rao & A, 1988) - 1 H » ARV 5 |55
AL B B R (Daniel £ A ,1984; Glover,1981; Rao %
A.,1988; Yunis £ A,1987) o

HX » ZHETRIE » DAEFEZ A AENHIA (leukemias) @ #iE
HEE (lymphomas) FI—LEEE MEERE (solid tumors) FUAHIAYE
DL (ARG o I - BEESE) SRR ERET RS
(Berger ,1985%% A ; Cohen £ A ,1979; de Braekeleer Z A ,1985;
Hecht 1 Sutherland: Le Beau,1988; Mitelman,1990; Takahashi &
A, 1988: Trent £ A,1985; Whang-Peng £ A,1982: Yunis,1983) -
B 2 20 E A e e R 2B RS (de
Braekeleer & A,1985: Hecht ¥ Glover,1984; Hecht £
Sandberg,1988; Le Beau,1988; Yunis,1983; Yunis 1 Soreng
1984; Yunis & A ,1987) -

Daunomycin (daunorubicin) £&—7HE anthracyclin &2 P4
= CAEER A SRR DNA B HIHIPRRE By 1E %3t
R - R E B A ER DIBEB IR (Wingard $8A,1991) - KEE
EprF B 5 E5RET th— BB N [A]h) fluorodeoxyuridine » |
methotrexate F1 aphidicolin ZZ&¥fdaunomycin + HH L EEERY
M ? DR H T ERC (FRRR A ?

10




ﬁﬂi%_w Fi7r » daunomycin FTasS iy s S REEE SR

(p< 0.025) #ZeHI%H - FHELETEN daunomycin %M@fﬁﬁﬁéﬁﬁé’@ﬁgi
HEEFZEM (inducer) ©

[t4} - caffeine RIELEHIHHERISZE DNA BUBEJTM{EZEYIFEH
FHIPLEREE, DNA ZIEfEE A AR - KL » caffeine HHKIE
FH B5hZesE Rsa kAl (mutagenic enhancer)(Kihiman 2
A.,1982; Rao % A ,1988; Yunis £ A,1987) - 3£ 8/~ R TK
PREEZ RN caffeine BEFE 6 /NEFRUAE R - HEGEHIR T K&
HIBTZIEE » [FIRF - AP LAEH caffeine ZEEHBIgN T
- daunomycin FrEA &R EEETE (R1) - FFF » HR=AH.
caffeine A58k XERD daunomycin FTafsR Y SERSETH - (HE -

IR 48 (YL BER BN 4924 » 7p22 @ 9p23 » 15915 » 16p11.2 I
22q13 % rJgEl caffeine MIRAETHRIEL (JIR= # 5iF7R) ©

FH3E ZJRAD - FEFTEREZRY 1000 {E daunomycin AHAHMUR#EILE
193 ﬂﬂ‘?&éﬁg?ﬂ“‘ (chromosome bands) £ A HIR—RESE - T4k
daunomycin FEEHERAEE T » 1p32 ZHIERE AT - TR
55 2.2% (fERTECERRY 2773 {1 BtggBn8h - 5 60 (&) - HAblEr
ZUNTEHHEBSRIR RS 3p14(2.0%) » 3p24(1.5%) » 11q14(1.5%)
2p13 (1.4%) » 6023 (1.4%) » 14G24 (1.4%) » 9922 (1.4%) > 1p21
(1.3%) » 2932 (1.3%) » 7931 (1.3%) > 3q13(1.2%) *
7G21 (1.2%) » 4421 (1.2%) * 6q21 (1.2%) > 1224 (1.2%) »
8g22 (1.2%) » 5p14 (1.1%) » 5931 (1.1%) & 12p12 (1.1%) (5.5
=) o APt S ERIETSE 0 (B T 10 EL A REERER
daunomycin BEFERTEE 2773 B FEEZE s 27.0% » JRE[ » HEAR
dauonmycin AR A ER IR - (B2 HEREEIIHE
EER AR BRI E -

BRT 5B EAF L IEEIE S - daunomycin IREEE T ET
ZAEIRIH RO G B8 (chromosomal aberrations) ©
15 B yv i ptie B R B RSB RE R B #2 (homologous chromosomal
interchanges) (& —A) @ FEFEFEERIE(L (homologous ‘
chromosomal translocations)(& —B) » JEFEIVEZEEEAYE 1 (non-
homologous chromosomal interchanges)(f —C,—D) » FEFRIRHE
EEERYEE; (non-homologous chromosomal translocations)

1



(B —F) - ZHRaiErci (B —E)  EEARHE
(intrachromosomal exchanges)(lE —G) @ FEEE4LEEE (ring
chromosomes)([& —H) - :

& S [ER A e A R BB FR R R E A M (mitosis)
EFERIBCE (pairing) & E#H (recombination) BYIETE - i
SRR BRI ELIETY - B T A R R R A A
R RNERE - AR BB SR R N S 2 AR
J& (unequal intrachromosomal exchange configurations) (& —G)

AR A gL gtk (deletion) FY—{EHRRTERE

54} > daunomycin FHAYHRHARIEHERAT 1.2% FERZREE(12
- ring chromosome/1000 metaphases) » [i#E 12 {EEHEFRIERP L
i XL LB TR EE (195 42% ) -
=H BRI R e E AR - Bk RN E
ERREL 2 HEH - cBRE BN BB OEEEEES K
IR -

(Efe—f2HIE @ TamptiEstmsd 7 bi(TEs R » 2R B
RN H i —E—E L R EC B - T @i ]
FEIEE TR NEEAE RN - PiEEERIER SRR -

- F Y FEITREAEESHT daunomycin FTEESER RS LS - B
BT BRI AR - 1EE BEE L ERBIETRET DL 1p32 &
12924 HHEZ » ¥95 1.2% B9HBER (1228/1000 fHlE) - #28H
IR E TS 3p14 (1.1%) » 5931 (0.8%) » T 131 * 327
5013 ~ 6p23 ~ 8922 i 9922 EI94 0.7% HUHEER - FE > 1p21
1 10p14 HIERAIS 0.6% - DA BTl EEZLY daunomycin BT
G IS BT 24% -

LAORSETAENTE 1p32 B RS AIHEREE (neuroblastoma )
B MRS BRI (Acute lymphocytic leukemia)(Mitelman,
1990) - 1 3p14 HIF NEHRAHE FRE RASMEIE (Rao &

" X,1988; Smeet 2 A, 1986) » S HLEIZEN/ NI (small cell
lung cancer) &K MBS (familial renal carcinoma) & &% 4
afs - MERERE T EEREF (myelodysplastic syndrome » JEEZ
2FWHESE (non-Hodgkin's lymphoma) K ISAEME HIMF (chronic
lymphocytic leukemia ) SIS EH L ERHHLE 11914 B2

12



FHBEZL (Mitelman, 1990) - EE % daunomycin SR BEH—
so MR B B DU — B L B2 i S e ETEATE T
RFE= -

F A5l —5 daunomycin 35 EERUETELNT B BL EL AU ZEYIHY 5
- FefuiE - FEEAa R e s rE R, - DU SRR RERAE

(locations of oncogenes) EJAHEIRE - EHRIUINRIZIR » KEMD
daunomycin Firah# R A B HERAE MR ZEYRA R B MaNL & -
4t - B LR T AR — SR BT EE B S - HEREARL
- EEOEREEERGE TSI EHEEEERER (mutagenesis)
BCEUE{ER (carcinogenesis) BRE ? thafiE e qvaag FRIAZE ATAE
ettt TRy eEFEREMHCE - DIRFEEEGEEE] (mutagens)
BY1E RIS (common targets) - \

e A BFERHAS I | daunomycin BT LERTIEETE A S

MERLOREH LIRS  MESRIERUEE LY
HI SR E LA R e A A RSB RS R AR B -

13
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time course —f S i harvest
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2 Dau Ca
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El—B. Daunomycin RSB MITAR B BT, (ISSRFTT) -




. H daunomycin ° daunbmycin Fl caffeine » & caffeine

P S A R B L -

Culture  treatmant no.of bands mean breaks/  mean breaks/
showing individual(+ SE) cell
breakage

1 Daunomycin 193 277.3+ 30.5 277
2 daunomycin

+caffeine 201 404.4 + 33.9 4.04
3 caffeine 85 128+ 1.7 013
4 untreated 9 1.2 + 04 0.01

a. Daunomycin FUE#BEEE 0.1 uM -
b.Caffeine FUEAXEERE 2.5 MM -
c. SE =R -

d. p< 0.025-
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— Daunomycin HE2E 2 IE % NEBRFTEE 28 2R
gLethfigiase i B HAY EE | |

A BEREE R 2 B2 HL (homologous interchanges) @ 43
AlEdekEs: cte(15;15)(qlbh;ql15),cte(1;1)(pl13;432) &
cte(17;17)(q23;q25) ° |

B. Bngch \[EVEY RS 2 B (dicentric homologous
translocations) ’ 43AlEcex: dic(1)p32p32),
dic(1)(q23q31), dic(6)(qlbq2l) -

C. MEFEEIFRR AR A H# (quadriradial
non-homologous interchange YEIE @ B0 :
cte(1;3)(p34;p23),cte(2;12)(q21;q21),cte(2;8)(q31;q22)
FI—1{E2p13 BIETEL, cte(4;X)(q31;922),cte(9;14)(q22;423),
E—HEgEETHERE cte(1;12)(pl3;q24) #1
cte(1;17)(p32;q21) ©




D. ZHFEERG RS A AHACHA (triradial non-homologous
interchanges) B @ 208k5: cte(10;13)(q26;q14),
cte(1;3)(p34;p25) FI—{E 3ql12 HIETEL, &
cte(5;6)(ql3;p23) - L

E.BH 10301018 - 20 SR EHGFEBENAT LESHE
(pentacentric complex) o

F.JyEIERNRY S84, (non-homologous translocations)
RIETE » 50855 t(1;9(p22;912),t(1;12)(p34;q22),
t(2;X)(q33;q26),t(4;55)(p16;q13),t(6;9)(p23;422),
t(7;12)(q32;024), & t(12;X)(p12;q22) -

G. BRI EBa7r#s (intrachromosomal exchanges) HIEJE
8RS ct del(4)(q21q26),ct del(6)(ql55;423), &
ct del(X)(pllqld) - |

H.7yEEpgutai (ring chromosomes) » ARIE: r(2),r(2),
r(5), K—{EETEEE 2p13 HY r(2) -

IO RBR _EERPR BN EGETE: —2FRE 1034
1032 MUERAEEH  BH _EEIEERES > S5—HIEF
BEE 3p23 O 3q27 BN iEE  MEBEEARPHIREE -




%= ¥ daunomycin # caffeine SURMREBESHAE » HEHLE
AR CREEN - EEFERERAE - REFE SRR
FEHIRBRDEIE FEf% -
band Dau Dau  Ca  cancer chromosomes with known oncogene’ - mutagen-
S+ breakpoints [20,35,36] location fragile site
Ca
1p21 ** el FdU; MTX [386]
1p22 * * neuroblastoma; breast Apc [21,36]
adenocarcinoma [20,34,36]
1p31 * * disseminated-neuroblastoma [20]
1p32 bl il neurcblastoma;ALL [2,20] L-myc Apc[3,21,36]
1p34.3 * >
1921 * * Apc; Aza; Bus
[36]
1q24 . * *
1q31 * *k
1g41 * *
2p13 > e NHL,ALL;B-CLL [2,3,20]
2p16 * ** Apc [36]
2p24 * ** leiomyoma [20,36] N-myc FdU; MTX [36]
2q12 * *
2q22 * *
2q31 * * Apc[3,10,11]
2q32 *k *%k
2g33 * ** ANLL [2,20]
3p12 * * malignant fibrous histiocytoma [20]
3p14 Hax ek bl SCLC;ALL;breast adenocarcinoma; Apc;Aza;Ce;
familial renal carcinoma;mixed salivary FdU;MTX
gland tumor; rhabdomyosarcoma [21,27.36,37]
- [4,13,19,20,29,31,32,34,35]
3p21 * *
3p24 > il Apc [21,36]
3q13.2 23 kR
3g22 * * Lennert's lymphoma;CML [2,20]
3g24 * *
3g26.2 * > MPS;ANLL [20,36]
3q27 * ** NHL [20,36]
4p15.2  ** rx Apc [38]
4q21 ** *>* bilineal ALL/ANLL [34,36]
4q24 * #
4q26 * *&
4q27 * b raf 2
49313 * >
4g33 * *
5p14 ** - Apc [36]
5q12 * *
5q13 * * refractory anemia; MDS; ALL; ANLL
[2,20,36]
5q15 * > ANLL-M3; MDS [20]
5q21 * £ 23
5q31 ** ** ANLL; MDS [20,34,36]
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5q32 * *
5q34 * * ANLL-M2720] c-fms
6p23 * ** ANLL [20]
8q13 * *
6q15 * > ovary adenocarcinoma; B-PLL; ALL
[20,34,36]
6g21 ** > OPA; ALL; PLL; ANLL-M5b [20,386] ros; slk
8q22 ** ** c-ras; myb
6q25 * *x
7pi4 * ** Apc; FdU [36]
7p22 * # :
7q11.2 ¢ *
7q21 ** ** leiomyoma; ANLL [2,36] Apc[3,36]
7922 * * ’
7931 ** ** ANLL; MDS [20,36] met; kit MTX {1,36]
7932 * * * leiomyoma [20] o Ape; Ca; FdU
[21,36]
8p11.2  * * ‘
8p22 * *
8g21 * ** MPT [34,36] ;
8q22 ** * ANLL-M2 [20] c-mos Apc; FdU; MTX
[21,36]
8g23 * *
9p12 * *
9p21 * *k
9p23 * # :
9qt12 . * * Aza [27]
9g22 ** ** ANLL [20] Apc {36]
10p13 * ** ANLL [34,36]
10p14 * * ANLE-M4 M5 [20]
10921 * *
10923 * **
10g25 * * BrdU [26]
11p14 * ** Wilms' tumor [20,34,36] Apc [21]
11q13 * o NHL; CML; PLL; B-CLL; RAEB bel1;int 2 - Bus; MTX[36]
[20,36] ‘
11914 ** R w MDS; NHL; CLL [20,35,35] FdU; MTX [36]
11923 * o CML; CLL; ALL; ANLL-M4,M5; MDS; ets 1 Apc[11,21]
Ewing's sarcoma; neuroepithelioma
[20,36] _
12p12 ** ** B-ALL; CML; ANLL-M5a [20] k-ras 2
12913 * > T-cell lymphoma; ALL; salivary gland
adenocarcinoma; myxoid liposarcoma
) [34,35,36]
12g21 * ** ' Bus; FdU; MTX
, [21,36]
12241 ** bk CML [20] Apc; BrdU
[21,30]
13q13 * ** . Apc[3]
13q21 * dekk i g
13g22 ** ** NHL; B-CLL; astrocytoma-ili,IV {2,20]
14921 * ** ANLL [20]
14g23 * * ' Apc[3,36]
114q24 ** el OPA[20,34] FdU; MTX
‘ [1,36]




1515 * #

15g21 * **

15q22 * * ANLL-M3 [20] Apc [36]

1523 * *

15025 * *

16p11.2  * # Aza; Bus
[27,36]

16p13 * ** AMLEO; ANLL-M4,M5 [20,36]

1622 * * * ANLL-M2 [20] BrdU;Ca;Dist A
[21,23,27]

17p12 * * Dist A'[36]

17q21 * * ANLL-M3 [34,36] erb A1

17923 * > CML,; B-CLL [20] , Apc[21,36]

18921 * * -

20412 * *

22q12  * * *

22913 * #

Xp22.3 * ** * Apc; Ca; FdU
[21,36]

Xg21 * *

Xq22 * * * Apc[21,36]

a. AERFFIESME BF TG 10 R 10 REALESE -
*=10-29 {EEZL - ** =30-49 {HEZ - *** =50-69 {FghZL »
o =70-89 {EIETZL = BB 90 (HETRE -
# = Caffeine [R¥#%{E daunomycin HZE BISLERAE -
b. ¥8%5 -
ALL=acute lymphocytic leukemia; AMLEO=acute
myelomonocytic leukemia with eosinophilia; ANLL=acute non-lymphocytic
leukemia;B-CLL=B-cell chronic lymphocytic leukemia;
B-PLL=B-cell prolymphocytic leukemia; CML=chronic myelomonocytic
leukemia; MDS=myelodysplastic syndrome; MPT=mixed parotid gland
tumor; MPS=myeloproliferative syndrome; NHL=non-Hodgkin's lymphoma;
OPA=ovarian papillary adenocarcinoma; RAEB=refractory anemia with
excess of blasts; SCLC=small cell lung cancer.
C. BEmMER
Apc=aphidicolin; Aza=5-azacytidine; BrdU=bromodeoxyuridine;
Bus=busulfan; Ca=caffeine; Dist A=distamycin A; FdU=fluorodeoxyuridine;
MTX=methotrexate.
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i@ Daunomycin e e 2 EE G482 (FFE interchanges I

translocations)

 EEREEY LR AT, -

Dau Dau
breakpoint chromatid ' |translocation| . total breakpoint chromatid - |translocation | total
exchange break exchange break
Ip13  [1q32, 12q24 2 3p24  |1q25,4q21 2
3p25  |1p34 1
1p21  |1p32, 10p14, [4q26, 5pl4 6 3q13  |16q23, 17pl2 2
15923 3q21  |9q34, 1822 2
1p22 9q12 1 324 |1p32 1
1p31 6925 1 3q25 8p21 1
1p32  |1p21, 1p32, |1q42, 9p21, 12 327 |8q21, 15q23, |12q24, 7
2p13,3q24, |11pl4, 15q23, 16pl1, |15q25
5pl4,10q25, |13q34 Xq25
12q21, 17q21 4p12  |11ql3, 16pl2 2
1p34 ~ [3p23,3p25 12922 5 4p15  |9p21 9q12, 10pl4,| 4
8q22, 10g21 11q23
1g21 11923, 15922, 4 4pl6 5q13 1
‘ 16p13, 20q12 4q12  |7pl5 1
1q23  |1q31 4q31, 6q13, 4 421 [2q21, 3p24, 3
7932 Xpll
1924 14932 1 422 |1925 1
125 |2p24, 3p24, 5 4924 .~ |13q31 1
4922, 8q21, 4926 |1qdl 1p21,12q24| 3
12p12 427 9922 Xp21 2
1g31  |1q23,3pl4, 7 4931 |Xq22 1923, 3pl4, 4
6q25, 12q24, 5931
gqgi’ 13q13 4933 8q13 1
q
1932 |1pl3 142 2 zgi‘; ;pq 3226 14q24 18p22, lpal ?
1q41 4q26,7p13 2 5q11 7922 I
1g42  |11pl5, 12q24 [1p32, 132 4 a3 |16, 633, [1p2L 6926 5
2p13  |1p32,15q25 2 2412
2pl6  [3pl4, 8q22, 5 a5 [3q22 1 1
8q24, 13¢21, 521 |2q31, 3pl4, 3
17921 15q21
2p22  [15q22 1 55 pld I
2p23 _ |17pl2 1 531 |13q13, 1321, [3p13, 4¢3, | 8
2p24  |1q25,17923, 3 15922, 15925, |11q13
_1Xq22 16q12
2913 16¢23 1 6p23  |2¢33,5q13, |3p23,15q15| 7
2q21  [4q21, 12421 2 9922, 14q24,
2q31 5921, 8q22, 3 1721
1521 6q13 1923 1
2932 |3pl4 1 6q15 6921 1
2933 |6p23,8q21  |Xq26 3 621 |9q22 6q15, 10925 3
2g35  |Xq22 1 6q23  [2q13, 15q22 2
2937 7q22 1 6925  |1q31 1p31 2
3p12 10g25, Xpll 2 6426 5q13 1
3p13  |12pl2 531, 16pl2 | 3 7p13  |1q41,9p24 2
3pl4  |1q31,2pl6, |4q31,9p21, 11 Told |24 1
2q32, 5921, -|l4g31 7pl5 4q12 1
?gzgf‘gzﬁs 7p22 15426 1
4ct 24 7922 |5q11, 9922, [2q37 4
3p23  |1p34, 12924 [6p23 3

16q22




Dau Dau
breakpoint chromatid - jtranslocation| - total breakpoint | chromatid  |translocation | - total
exchange break exchange break
7q31 11g23 1 12q24 1p13, 1931, ' [3q27, 4926, 12
7932 [12q24 1q23, 14¢32 4 1q31, 1q42, {19p13
15922 3pl4, 3p23,
8p21  |3q25 1 7pl4,7q32
8p22  |8p22 5pl4, 10g26 3 4923
8qi1  |15ql5 1 13q13  |1q931,5q13, 4
8q13  |15q22 4935 2 5¢31,14q24
8q21  |1¢25, 2433, 3 13q14 {10426 1
3q27 13q21 2pl6, 5q31 2
8q22  |1p34,2pl6, 7 13g31 | 4q24,8q22 3
2¢31, 3pl4, 22q12
5q15, 13g31 13933 [9q21, 10923 2
18q12 13q34 {1p32 1
8q24 2pl6 19q13 2 14ql3  1Xq2l 1
op21  |4pl5, 17q23  |1p32,3pl4 4 14921 [21q22 1
9p24  |7p13 1 14923 19922, 12q4 2
9q12 1p22, 4pl15 2 14q24  [5pl4, 6p23, 4
9q21  |10q23, 13¢33, 4 9932, 13q13
16pl2, 19p12 14931 19922 3pl4 2
9q22 4927, 6p23, |9q31 7 14932 |1q24 7932 2
6921, 7922, 15q15  |[8ql1, 15q15, |6p23 5
14423, 14931 17q22, 19p12
9q31  [10q25 9q22 2 1521 [2¢31,5q21  |11p15,Xp22 4
9q32 1023, 14q24 3 15q22  |1q21,2p22, - |7932 5
19p13 5q31,8q13
9q34  [3q21 1 1523 |1p21, 3q27, 3
10pl4  |1p21, 10926, |4pl5 6 3q27
11pl4, 11923, 15q24  11q31, 10q21, 3
16922 1921
1021 |1p34, 15q24, 3 15925  |2pl3, 3q27, 3
15q24 5q31
1022 |5q13, Xq25 2 15q26 7p22 1
10g23-- {9921, 9q32, 3 16pll  |3q27 1
1333 16p12  |3pl3,4pl2, 3
9q21
1024 |20q12 1 16p13  |1q21 1
1025  [1p32,9931  [3pl2, 6q21, 4 16q12  [5q31 1
16q22 17922, 10p14 2
10q26  |10p14, 13q14 [8p22 3 16923 [3q13, 12p13 2
lipl4 |10pl4 1p32, Xp22 3 17p12  [2p23,3q13  [19q13 3
11pl5  |1q42 15921 2 17q12 17421, 19q13 2
11q13  |4pl12, Xql5 [5q31 3 17q21  |1p32, 2pl6, 4
1123 |1q21,7q31, |4pl5 4 6p23, 17q12
10p14 17q22 15915 1
17923 [2p24,9p21 117925 3
12p12 1925, 3p13 |Xq22 3 17425 17q23 1
12p13  [16923 1 18q12  [8q22 1
12913 1Xq22 1 18922 |3q21, 18922 2
12914 [20q12 1 19p12  [2pl1,9q21, 3
12q21 1p32,2q21 2 1515 -
12422 1p34 1 19p13  |9g32 1224 2
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Dau

breakpoint | chromatid " |translocation | - total
exchange breaks
19q13 17q12 8q24,17p12 3
20ql12 1921, 10q24, 5
12q14, 20q12,
20q12
21922 - |14q21 1
22q12.15q13, 13g31 2
Xpll 4q21 3pl2 2
Xp21 4927 1
Xp22 11pl4, 2
15q21
Xql5 11ql13 1
Xq21 14q13 1
Xq22 2p24,2q35,  {12pl2 5
4q31, 12913
Xq25 3pl4, 3q27, 3
10g22
Xq26  |5pl5 2q33 2




Bek

#aTaAT: 10 EIEE AT RIEHERIOHESR » HEtEmig s

BB -
treatment | daunomycin | daunomycin |caffeine |untreated
+
caffeine

subject
1 186 294 il 2
2 348 597 18 0
3 142 303 14 0
4 197 309 9 4
5 316 546 13 1
§ 254 359 20 2
[ 185 331 8 1
8 342 388 17 1
9 395 433 4 0
10 408 484 18 1

- FIIF ANOVA (analysis of variance) ¥t HiEDATREGRE

Br PR QLRGSR -
sum of degree of mean of F
square freedom square
between 1196003.1 3 398667.7
within 187645.7 36 H212.4 16.5
total 1383648.8 39 354'78.2

EFRBEF 0.025 (3,36) = 3.59 & p < 0.025

IR R B R R R R 2 R -
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HisE: 10 ESA

Z IR EREEAN[F] TV SE E
K n au{Dau
RREER HEES Ca_|
W BB T - Fra site
3913.2 3] 51
Unt Dau |Dau 3q21 4
, __|Ca Ca iq22 16] 29
Fra site 3923
1p12 32 3924 13] 12
1p13 3] 8 3925 8] 20
1p2l 38 61 1 3q26.2 22; 33
1pi2 127 16 3927 18] 45
1p3l 15] 22 4p12 1
1p32 607 101 3 4p13 2
1p34.3 240 32 4p15.1 6 16
1p3s. 1 3 12 4p15.2 121 51
1gq12 3 7 4pl6 6
1q21 28] 28 117 3
1921 3| 16 4q13
1q24 21 126 4q21 33 de
1925 B 6 4q22 B 126
131 23] 48] 1 1923
1g32 8 12 1924 13
1gdl 2720 1 4q26 13 39
1g42 19 5 1 1927 5] 35
2pil 2 3 4g31.3 28] 30
2plz 1 4932 3 J
2p13 39 5% 4433 130 20
2p14 4 5p12
2ple 231 42 1 5p13 1
2p21 120 3 5pLd 3| 46
2p22 17 5p15 1
2p23 5qll.2 4
2p24 21, 31 512 14 21
2qi1.2 3 2 5q13 14 17
2912 1 11 2 : 515 6] 34
2q14 I8 521 29| 31
2q21 4 16 5q22
2922 19 17 1 5923 3
2q24 ‘ : 5g31 31 41
2931 AR A 5q32 15] 15
2932 3] 36 4 5433
2433 21 38 1 5q34 14 15
2934 5435 1
2435 9l 14 6p12 71 11
2437 5 7 6p21.1 4 6
3pl2 3 240 12 §p22 2721 46
3pl3 340 6p23 4
Ipl4 561 761 36 §p24 1
3p2l 20 25 6p25
3p22 3 6q12
3p23 6q13 23] 18
3p24 41} 511 1 6q15 23] 36
Ip26 1 6qlé
3qll.2 2 Z 6q21 33135
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Unt Dau (Dau iCa
Ca
Fra site
6q22 3930
6423 5
6q24 1
6925 24) -39
6026 8 17
6927 4 ¢
7p1L.2 8 8
7pi2
p13 11
7p1d4 13) 30
7pis 1 3
Tp2l 3N
7p22 16
7g11.2 13 1
1q21 34] 48
7922 139
7931 36 46
7932 29] 24
7933
7934 6 3
7935 11
7936
8pil.2 117 22
8p12
8p21 JIE
8p22 100 14
8p23
8qi1 115
8g12
8q21 14 38
8q22 2 37
8g23 12 22
8q24.1 8 16
9pl2 12711
9p13 1
9p2l 20] 30
9p22
9p23 16/ ¢
9q12 14112
9q21 8 27
9q22 381 - ds
9q31 6l 21
9932 9 13
94933 305
9q34 8 11
10pit.2 1
10p12 7
10p13 170-.30
10p14 251 31
10p1s 3
10g11.2

30

unt Dau./Dau-|Ca
Ca
Fra site
10g21 10 28] 29
10g22 37
10423 29) 34
10g24 5 3
10q25 200 20
10q26 5 3
11pil.2 4 3
11pl2 9; 12
11pl3 8
11pl4 28 32
11p15 312
11q12 3 7
11913 15] 28
11q14 41] B
11q21 2 2
11q22 3 é
11q23 200 22
11q24 I8
12p12 30| 45
12p13 310
12q12 3
12q13 1 219
12q14 8 1
12q15 5
12q21 23] 40
12922 7 3
12423 2
12q24 .1 33 55
13g12 1
13913 28738
13g14 2 5
13q21 10} 65
13q22 3248
13q31 38
13g32 14 11
13433 79
14012 6 15
14q71 237 47
14g22 201
14923 200 22
14924 39} 49
14g31 31
14g32 4 9
15q12 1
15q14 4
15q15 10 7
15g21 11} 30
159272 25 24
15923 200 21).
15q25 1412
15q26 5 2




Unt - |Dau |DauCa
! Ca
Fra.site E
16pll.2 Lo10] 2
16p12 13
16p13.1 19 32
1512 51 8
16921 T
16922 17 19
16923 70 18 2
17p12 24| 25
17912 717
17921 23] 36
17922
17923 27 4l
17924 2 2
18p11
18q12 6 18
18q21 24 25 2
18922 4 12
19p12 31
19p13.3 3 4
19q13.1 5 5
20p11,2
20p12 8 22
20q11.2 3
20q12 17] 29
20q13.1 L1 6
21921 .11
21922 Y
22q12 13 21 1
22q13 10
Xpll 6 5
Xp2l 4 5] 1
%p22.1 4 3 ¢
Xp22.3 15 30
Xqi3 20 5
%q21 120 19 1
%q22 23 47 1
Xq23 1 3
Xq25 3 123
Xq26 6 1 1
Xq27 6 9
toto ] 122773]4044] 128
=f . Unt = untreated -
Dau = daunomycin ’ -

Ca

i

= caffeine °
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a2 (Abstract)

FREEE T EAHET CCNU (lomustine) #IEH AZEAMEERAT
5% Gt i B SRR B GG BRI o BefILLAER
(caffeine) B ILEZEBER < LA (mutagenic enhancer) -

FMEREEET : 76 CONU PREEAT & I A R
PSR (p< 0.005) - I caffeine HURERILT CCNU Sifefi®
oz -

BAFIDAHER R SRZ 8 A\ SRR ET SN E ) 4% = 4% DIk
7 CCNURIZIEAIE - ZHIL—FHE - B N ERMEERE @
% HIA 14 {E{(7ES CCNU FEH U -

B4 - RERf CCNU Frs [9BSR B b IR e A B e
i (mutagenic agents) IS REMIER - FE » —&#f CCNU U
B B e A B e BT3B, (breakpoint) FHE] - fh—
BIPERE | ERFREE LGNS » TR B SR E
Fi (mutagenesis) KEUZE(ER (carcinogenesis) RYEEZEER(T » B
B A e E RS R EE -
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$—i
s#am (Introduction)

YL BE FRSEATE (fragile sites) Jh e E Ml r Stz
R TARZHEEZL (break) HIMEHHAIE - BEEFETIZE
A B Yt BRI (deletion) » {7 (translocation) »
i (inversion) - L YL@ (ring chromosome) » DUR B
PSR RE -

FE&E Y folic acid B thymidine FUREEEET » TS
— S e BRI (Barbi A, 1984, Glover, 1981; Sutherland
%N, 1982) - H ] ARG B A RER AN B
distamycin A (Hori £ A, 1988; Schmid £ A ,1984) >
bromodeoxyuridine (Sutherland ,1982; Sutherland % A , 1985;
Voiculescu Z A, 1988) » methotreaxate (Barbi £ A ,1984; Yunis
A ,1987) » fluorodeoxyuridine (Rao %A, 1988; Tommerup =
A, 1981) > Aphidicolin (Craig-Homes % A,1987; Glover &£ A,
1984; Hecht F1 Glover ,1984; Rao Z A,1988) »
5-azacytidine (Sutherland Z A, 1985) » Ll daunomycin (Liou I
Li,1994) » fh4t » BAER A E B Sy A A T £ 4
ERERE M ERETZ (Daniel % .A,1984; Glover Z A ,1984;
Yunis 1 Soreng,1984; Yunis £ A,1987) -

CCNU [lomustine; 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea]
R—TEHEEALIGRMREERE (ymphoma) RFEEEEHIER
(solid tumors) * B FIZEE (brain tumor) HIHUEEEY) - EAS S —
M ALEA] - WIDIER A DNA AMESUEMERIZEC (Friedman F1
Carter,1978; Walker, 1973; Wingard 2 A ,1991) - % AJHRUWRESEK

5 » CCNU E#3EE RIEiAvh ki ia e (sister
chromatid exchange )HJE5ZE% ] (inducer)(Best fIMckenzie ,1988) -

TR BRFEREST CCNU S A JEME BRETEA S8y Yt a8
SUF A ? DU HEAN B G 88 BRI ae 7 Fqf LA
WER] (caffeine) £ CCNU FH&EHLAEEETAN5R/ME] (enhancer)
(Das £ A ,1984; Kihiman & A,1982; Yunis Z A,1987) > i H DA

F2 T



IR 528 A e B EEZLE 4% B 4% DL R B RanE
CCNU ZifefriErIERHE (Rao ¢ A,1988) -

HMERIERE | EANEMERREE LT 14 [EME
#f CCNU FEEMUZ > M1 HE (B BN A G E RIFTRA #HY
FetBsE R E AR -
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Bre —

FE
PR % (Material and Methods)

2.1 EEMH

?EESZ%[?EZEE%AE/JX%EM& (R85 @61‘_&( M

b 20-28 Bk 0 HPLERB4CI B MERNAI B MR
HETT CCNU REEHIE - 5341 ZRE EMa B4t
MR AEITRA R RO S E )

2.2 SEEWALTRREE (RHTER—)
3 B ATRRENE (RIT#)

4 B CRHHD)

5 EER RIS

2.5.1. CCNU JEEZHIEL -

B ARIMEESE =fER# (cultures) » 75
RPMI-1640 &% (& 15% FCS 1 1% PSN) hizs
62 /NEHS + ARIBIOM > 10°M - 10°M (BiREEs)
i) CCNU FREE 24 /| - BREATEIMURERIIL L RIETT
Yefn BE BRI » BEE D SRS S0
£FE CONU JERrp s L BsErZle) > DIE F—%
EEFEF CCONU RO -

ISR ERITEESD 10°M ZCCNU #
WREE GRS - AN - il
S ER RIS TEARIL) -

2.5.2. CCNU F#RtRa HIeERZFIR ML caffeine 31l
BB ER BB
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2.5.2.A. %EIE@%%%EZKMZE%@:

(cell culture and treatment of agents)

H#EY 10 ml peripheral blood + 0.1 ml heparin
30 min
buffy coat (lymphocytes) Z I# 0.5 mi

FEAS 9.2 c.c Z RPMI-1640 EERH
(RPMI-1640 & 15% FCS K 1% PSN)
HEANIMEILE 4 EEH - S5l S
culture A,B,C,D

HA0.2 ml PHA (phytohemagglutinin)

BENESEFE (incubator,37°C,60-98% humidity,5% CO2)
62 h

EHEE A B 2 cultures 3 BIIIA 0.1 ml Y
CCNU (10 M BfIER)

24 h
BT cultures LT 2 RPMI-1640 %W

HREREs AB 2 cultures A 10 ml RPMI-1640
BE3Y (& 15% FCS B 1% PSN )
fEaEe B C 2 cultures BIIIA 9.9 ml 2
RPMI-164082&% (£15% FCS K& 1% PSN) I
0.1 mi 2 caffeine (2.5mM SRR

6 h

SRR
2 5.2, B IR s > B

(cell harvest and preparations of chromosomes)

TEIFERT 20 min 1 0.1 ml colcemid (0. 05ug/m|)
INA# cultures

y
e ARSI BB e
J)%&z[} 8 min, 1200 rpm
B IR
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HA 10 ml BY 0.54% KCIl {EIEATR
|, 16 min
\L%’@DB min
s iR
%%%Lﬂm 8 ml [EEW (FEFVKEEL=3:1)
J,BO min
LB 8 min
H0A 8 ml EER
410 min
JHEE (s 8 min
ElE W

A 8 ml EER
45 min
VBEC 8 min

i IR

}

JJDK\LOE ml EEW - HIREFR
RS ES A b
RES T EREAEE 377C)
24 h
LA Trypsin-Giemsa staining FiEETTHE
(65 /3 Wright's stain)
2.5.3. YethBERIEEZ B
TERETIER T PRBEts T U R L BE BRI < AR
(metaphases) 1] BE—FEREEEECE 100 {Emetaphases

» THFREZE B2 400-500 B band level - Fff
{f<f& ISCN (1985) HUTEHESEC SR G LR HIET LB (breakpoint) -

2.5.4. fatis (RHTEkID):

AEE L ANOVA (analysis of variance) HiEAHHELERE
BRI TR R A RA T 2R (Rosner,1990) -
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Y n i es w24

[ ==
5 (Results)

CCNU Bl &z &

yefnis o prouEsRel CONU JEEEAIRD » 211 10°M (&
SRJERE) & CONU BEIE 24 /NESRS » KENDAIMIIIEISEr R
SRl 10°M (BARIERE) =~ CCNU EAEEEE 24 /1NEF - HIFFE|
FEYL B IR E AR R (23.5+ 5.9 100 (EHEIMIIER G
BEgrTusr 4 fENESE) - TIELL 10°M (B4R = CCNU EH
24 JNES > (I MBS TSR ER IS IEF S (135.0+ 47.8 ; &
100{E T HIMERE - A28 + ) « BRI » BRFIDURICE
FEE 10°M ) CCNU BBHE 24 /NEF B I TARIZEIIGEH: -

CCNU 3 IttlEi 3R R LA O BRI E AT ¢

E—FT~ 0 Jh2 CCNU Frassd Lt iBEniny Bl - EARE
Egrh » CCNU #EIL5 (28 135 {ERYELERF (chromosome bands) &
DPHIR—RERF (R3E—) - HE—F41 » CCNU Mz Hgals
BRZLEIES 94.4+19.6 {E(ES 100 ESH T EAI . et iEEnZisy
HERREE) |

BRI S E A BT LE 4% B0 4% LI ERINIEER
FEESMIEREYE (Rao %A, 1988) » ELpASKIENHE » (A4 14
BN ERSILGRE (AR - £t 14 @ CCNU BigfiEST - B
8 EERN 2 2 EILERYEE -

WETUE - #5814 % CCNU SUBHIAIET - HIER
SEEHIE 9912 » HHERER G 755 {EEZEM 17.0% - A I
8 [EAEHEIAIECEZL - 3926.2 BHIRRREIEEAETZIEL -
TSI 2.6% o HAL¥E CCONU SUBHI(IE B B RERE
B 1% E9R15: 5021.2 (2.4%) » 13921.2 (2.0%) » 3p23
(1.7%) > 4931.3 (1.6%) * 12922 (1.5%) » LAK 4923 (1.1%) ° f8FE
B 14 B ERVETRHEE SITEERERY 37.7% - |
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& —For 0 T2 CCNU By 14 (A SR ERIBRIG -

HJBHH}HE (caffeine) HiERILOERE c 2L .

Caffeine HHIEAR—SIHZEBERRRMAE] (mutagenic
enhancer)(Das £ .A,1984;Kihiman £ A ,1982; Yunis ¢ A ,1987)
o FEAEEE > DL CONU R 24 /N NKF - 87 RWE R BEE > B
A caffeine FEHE 6 /NEFF - HEEREETFERIFEE SR
(p< 0.005) {#EEH CCNU ¥ (FFE—) -

i CCNU+Caffeine FTafsuBiZiBtEyLaft FR TR
—:z%:_: » IhkEREIEE 13 {@{_L%Z%ﬁ%%zﬂﬁﬁ?f@)\ 4% B¢ 4% LA
HrpPl 9912 HEIREBS LR @ & IAEEEZE 1890 &
6% ° ] 3p14 éﬁ%%&ﬁiﬁﬂ% 4.7% - IL—f7E (9912 O
3p14) WETZHIRNETE 8 fLIEE A2 YL @pEh -

HAh AR ETHNE H I E SR E: 3926.2 (3.6%) »
Xp22.3 (2.3%) ° DIE 4931.3 (1.1%) (BE=) - =T
CCNU+Caffeine SR ERIETAEFRIG S FTEETSAY 25.3% - [T
—FEREUT: HER caffeine FRIZIMBGRIVEREIRN CFE > HE
WIHEER R R G R RS e -

F caffeine BRHEH <« LB BBET R EHBRREEEA 4% LA
FEFIAFENY - 45 178 caffeine 5|EERI S ED » DL 3p14 H
TR GRS 20.2% s MHIE 8 fIIEE A REESEH
AL —ETES - [E3p14 BIETEL - —ER AJEREE ERE RIS
il (Rao % A ,1988; Smeets I Scheres,1986)  HAHIEFKE
ERRET S 1% BIAIED IR © Xp22 » 3926.2 - 7932 » Xq22 »
4027 K 11914 (R3=Mm) -

FFAFTH] » THE CCNU BE caffeine 4574 » LK CCNU

1 Caffeine FYFLFEIZRENIE - {EELE(IEEF » 3926.2 1 4931.3 >
1 Xp22.3 B% CCNU K caffeine ZHEBURAIE -
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B
&J&m (Discussion)

TR fE NERR RS D E SRR S B ERIRIR
(expression of fragile sites) - FTEERI GG E » /i EREE A
5B EBS N EER T EMBR AN AE - FESE
folic acid B¢ thymidine RUREERR(F T » Al LA R EEE BN
B3l (Barbi £ A ,1984; Glover,1981;Sutherland, 1982) -

LAY - DNERVEEYIIRA] S (B — S S AIBERIZIR - Hlal:
distamycin A (Hori # A,1988; Schmid £ A,1980) -
bromodeoxyuridine (Sutherland,1982; Sutherland % A,1985) »
 methotrexate (Barbi % A,1984; Yunis % A,1987)»
fluorodexyuridine (Rao % _A,1988) - 5-azacytidine (Sutherland £
A.,1985) » aphidicolin (Craig-Homes £ A\ ,1987; Glover £ A ,1984;
Hecht 1 Glover,1984; Rao ¢ A,1988) » fz daunomycin (Liou
Li,(1994) - 53 - B EIEZe R HRZEYNa AT SRR E
B ERVETZL (Daniel £ A ,1984; Glover,1981; Yunis #1
Soreng,1984; Yunis £ A ,1987) -

CCNUJ[lomustine;1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea] -
F—7& nitrosourea » 'BEEEEEESGH DNA By Bl E £/
= - W HREBEE A KaEszamASERE (blood-brain
barrier) FFEME (Bertino A, 1992; Wingard 25 A,1991) » TS H #%
FEH USRS R EEE » DA EST KREIRE (Hodgkin's
leukemias) (Fewer £ A ,1972; Schein & A ,1984; Selawry
- A, 1972; Walker 8 A,1973) - F53% > CCNU 5 EFERcE  AEME
EREE R ERII RGBS A (sister chromatid exchanges)
(Best %£.\,1988) -

W ER - FEAFEEST CONU B A EMEEke e mias
A2 ? ERn gy R aRAER ? IR BTN ai b
SR ? MBRMRAERER  EEBIET » B CCNU Frags
HIYL CEBEB M E AR B A EHIREAY (p<0.005) (RE —) - HK >
BT Yl S > WEREETE CCNU B [REE vt fikess Fry R
& o MFZREN daunomycin FIMHME - HEREISHIRAERN
EEA7 (translocation) » HAEZHA (interchange) » MERTZUL RS
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(ring chromosome) Z 25 (Liou #1 Li,1994) -

EATEAT I B B 2R [Rllky - PIRe Sy e A — SElE MR E
(random breaks) - KBLABTRHSREREEZE A 4% DL EE »
FIRESRLEEY) < ZELE (Rao ¥ A,1988) « FEILEERAZHET - HIA
SRR ER e BS B4 14 Ba ¥ CONU BURRILE (RR 2) -
METIL 14 BT AR R E S By 33.6% -

a5 CONU FE#RIBZIESH » DL 9q12 HEEZ X » EfY
HERR S RTE BT 17.0% - 1 BEEEEE AEETSLENT 4%
(R3& ) - ErELE 9912 JREJ# 5-azacytidine A1 mytomycin C
TEZEYIFEAEE (Hecht f1 Sandberg,1988;Shaw #1 Cohen,1965;
Sutherland £ A ,1985) - ¥ AZERYLLEEEN S © 9912 BIAIER
KRB B Y/ 7 T B (constitutive heterochromatin region) » ¥
BB AT EZES DNA (repeated sequence DNA) FiBE AL
(Miklos #1 John,1979; Miklos,1982) - ISR ELEEREH
TR IRRYEHI B ErTEER (translation) (John,1988) » [T HE
HETS1E » IWEELEEAEYE FREIEIREINNERE

CCNU P R LRI AR 3926.2 » ML E IR SHEEA
B 2.6% - T HAE 8 AZH » B 4 ARIGLEEEAE 3926.2 (LEETH
BEEEAC 4% L E (R3E ) - Tl - Sl EsmiE g
I (acute nonlymphocytic leukemia) FIEEEZEE 1~ EIEEEE
(myelodysplastic symdrome) = E& Y i # HH 3926.2 BUETES
~ (Mitelman,1991) - | .

e - 5921 BYNE FI A aphidicolin BYEE 2 M E 4 K ERETR
(Craig-Holmes %5 A ,1987;Yunis % A ,1987) - [ 13g21.2
HIAZIEBIHL bromodeoxyuridine @ busulfan > aphidicolin »
fluorodeoxyuridine (Sutherland,1982; Yunis 2 A\ ,1987) - b4} » &
B ECHERE (Wilm's tumor) KR AaiErAlieRE (retinoblastoma) & &,
£ 13q(13.2-21.2) GE B ABA  RELEE - HJREH 13921.2
HIETEL (Mitelman,1991; Yunis £ A,1987) - a2 N E A E H
I 3p13 R EEErZLEE (Mitelman,1991; Yunis 2§ A,1987) °
Fiti/ MR B 8 AR B i 3p(14-23) (ZFHIRYERE » FE/RAT R 3p23
FIETZLAIE (Mitelman,1991; Whang-Peng % A,1982) -
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—E S ENRN  REEHNEELRAENNERSSESE
B > BiE ERERAE L2180 DNA ZBEREIRERE 2 m
e (caffeine) FRIE ELINHEIMH > ZLEAE FEIE 218 DNAZEE
T 3 4% A 2584k (enhance) EEb22Y)) 2 BZe#4E

(Das % A,1984; Kihiman % A ,1982; Yunis % A ,1987) -

5% — Fivr » CCNU+Caffeine 5 FHAH Y Yo BB 2 H IR &
BEEEHY CCNU #HAY - #RTf » CCNU # caffeine SREERAHMD - &E
EREEREFIETS - (H5t CONU B 14BBUEIENS -
caffeine MRFFAHREHLHE (AR Z IR =) - IWEGEETE
R AT H CCNU Frassiv e8! - E7E8PEs CCNU £
B 6 A/ NGFHET R REE ZBENMY - MEMEE A FTEEz]
AERIETR - HIRREERE IR E &I - KL - EIIA caffeine
BRE DRSS DNA BEER: » RISRT#: CCNU Fras i ivaps
BRI KT - e R AR e AN FER R gm - 42
EIHERR T I 14 {8 CCNU BiefiBRIEEE -

ZFEL caffeine 6 /NFRSHIR/NHER LB BE (7 ERVET
(3= ) - BrEL 3p14 Bl Xp22 B R caffeine ZHEE -

% 71 FYl - JhE CCNU B caffeine Friia » DLF CCNU I
caffeine ATt FIFVHEREERZGLE - Hrf 3926.2 © 4931.3 & Xp22
ZF={EHm (chromosome bands) £t — EZEY) 2 HLEIETRE -
SR » 5p14 K 12913 IL{iE > AHERERCSEE CCNU &
caffeine I ¥ HIRZ A - HEIRE ZESIMAERNFRREER
fE12 DNA BYRETIHAREEFTEL -

5 REEMFHESEEBIRELEY)  #ELE R LG
Zyvtis EAAEGIENIETZ (Daniel & A,1984; Glover A, 1984;
Rao % A ,1988;Yunis 1 Soreng,1984;Yunis % A,1987) °
NEREIERVEEY ] LIS BB G ERERE - — AR~ EE
B RS TR DR REN RIZEYEZE B ER] (mutagenesis) < #ERY
(targets) -

ot BEAETZERARE S SR OEEERY

(Speciﬁc structural chromosome defects) » HEFEREHY
BEAT (translocation) » E# (inversion) HRIL (deletion) &
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(Mitelman,1991) » {HiE g B T EHH Z=WE 2 (B E _FRET
2o T H » AR E AT RN S e E At A e e A
e 2 BRI ELEEARY) & (Hecht, 1988 Hecht £ Glover,1984;

Hecht 1 Sandberg,1988; Le Beau £ A ,1987; Yunis I
Soreng,1984; Yunis £ A ,1987) - h—IREERE | FR LRz
BEUEIERE T AlgERE B Y EE E ) BN E 2 A B S H B
THREERRE > SEEILER e M ERNESEES -
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S— 1 4% CONU» CONUHCaffeine » il Caf feine SERi3BAR R RLAHE,
B SRR L

culture  treatment no.of bands mean breaks/ mean/
showing . individual (£SD) cell
breakage
1 CCNU 135 94.4+19.6 0.94
2 CCNU + Caffeine 154 236.3+44.4 2.36
3 Caffeine ’ 92 61.81+16.6 0.62
4 Control ’ 11 16+ 1.2 0.02

a. The final concentration of CCNU is 16%/!.
b. The final concentration of Caffeine is 2.5 mM.
¢. Cultures not treated with CCNU or Caffeine were served as control.

d. p< 0.005 -
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B—: CONU SEEVE SRR LT -
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s HHIEFE CONU pREIGEZ S B ZUaa T -

subject 1 2 3 4 5 6 7 8 total total

breaks  individuals
total .
breaks 110 90 104 93 69 120 64 105 755 8
breakpoint «
1p34 5 5 1
(4.2)2 06  (12.5°
2p15 4 4 1
(6.3) (0.5) (12.5)
2p23 7 7 1
(6.7) (0.9) (12.5)
.3p13 5 5 1
. (4.2) (0.6)  (12.5)
3p23 5 5 3 13 3
(4.5)  (5.6) (4.3) (1.7) (37.5)
3q26.2 5 4 6 5 20 4
(4.5)  (4.4) (5.8) (4.8)  (2.6) (50.0)
4923 5 3 8 2
42 47 (1.1 (25.0)
4431.3 7 5 12 2
(6.4)  (5.86) _ (1.8) (25.0))
5q21.2 7 6 5 : 18 3
(7.8)  (5.8) (4.2) (2.4) (37.5)
9q12 22 17 18 22 15 22 12 20 128 8
(20.0) (18.9) (17.3) (23.7) (21.7) (18.3) (18.7) (19.0) (17.0) (100)
12q22 : 6 5 11 2
(5.0) (4.8) (1.5) (25.0)
13g21.2 6 5 4 15 3
(5.5) (4.8) (4.3 (2.0) (37.5)
13931 4 4 1
(4.4) (0.5) (12.5)
Xp22.3 4 4 1
(4.4) (0.5) (12.5)
149 ‘ 254
« ' (33.6)
it oa. OREAFEERERTE S -
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B 0 14 {E% CONU B NIEMEERILERNE -
SELLETEEARIS ¢ AL 1p34; B. 2p15; C. 2023; D. 3pl3;
E. 3p23; F. 3026.2; G. 4q23; H. 4q31.3; I. 5q21.2;
J. 9q12; K. 12q22; L. 13q21.2; M. 13q31; N. Xp22.3-
(QEapenziet ol 1985 & ISCN EERR{ERIRIER)
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F = CCNU+Caffeine FHAGULEESENZIELZ 73777 °
GEMIRZET)

subject A 2 3 4 5 6 7 8 total total
breaks individuals
total - .
breaks 269 210 268 230 231 239 149 294 1890 8
breakpoint 10 a 6 16 b 2 c

1p31 4.2y (4.0) (0.8) (25.0)

1g23 10 ' 10 1
(4.3) {0:5) (12.5)

3p14 15 13 12 18 12 9 12 89 7
(5.6) (4.9) ~(5.2) (6.9)  (5.0). (68.0) - (41) (4.7) (87.5)

3923 ‘ 6 6 1
o (4.0) . (0.3) (12.5)

3g26.2 12 9 15 10 10 12 68 6
4.5y {4.3) (58) ' (4.3) (6.7) (4.1) - (3.8) (75)

4¢g31.3 10 11 21 2
(3.7) (4.8) (1) (25.0)

5p14 12 ' 12 1
(4.5) (0.6) (12.5)

9q12 25 12 15 24 26 27 10 24 163 8
(9.2) . (8.7) (5.86) - (10.4) (11.3). (11.3) - (67).  (8.2) (886) (100)

12913 12 12 1
(4.5) (0.8) (12.5)

1222 13 13 1
. (4.4) (0.7 (12.5)

13921.2 10 8 16 2
(4.8) (4.0) (0.8) (25.0)

13g31 10 10 1
(4.2) (0.5) (12.5)

Xp22.3 12 10 10 11 43 4
5.7y (3.7  (4.3) (4.8) (2.3) (50:0)

13d 479
» : (25.3)

ol




U0 Cafeine BEZLSIEINE .
(EEREET)
Subjecet 1 2 3 4 5 b T 8 total 1014}
breaks - individusis
total '
breaks 61 41 80 30 07 59 33 71 454 8
breakpoint
Indl 4 i 4 G 1 c
(6.67 0.8> {12.5°
1923 4 4 1
(5.6) (0.8 (12.5)
2q32 3 3 1
(4.2 (0.6) (12.5;
Ipld 20 3 117 14 13 10 6 12 100 8
(32.8) - (19.5) (21.3) (17.5)  (19.4) -~ (16.9) -(17.2) ~(16.9) (20.2) (10007
3q13 2 2 1
(4.9) 0.4y (12.5
30262 3 3 2 4 12 4
(.9 (1.5 (5.7 - (5.6) (2.4) (500
4a31.3 3 3 6 2
G.o (4.2 (1.2) (25.00
5g31 3 3 1
G.1D (0.6 (12.55
6p23 3 3 1
(3.1) 0.6 12.5
6g15 3 3 1
G.D G.8) (12.3
6426 3 3 1
(3.8 06 12.5)
Tq32 4 3 5 12 3
(5.00 4.5 (7.0) (2.0 (37.5)
1iql4 | 2 6 2
‘ 6.6) (4.9 (1.2) (25.9)
~11q21 4 5 3 12 3
(5.0 . (6.3 .0 Q2.4 (37.55
16423 4 ' 4 1
(5.0) (0.8) (12:5)
Xp22 R | 5 | T 3 2 25 6
9.8 (6.3 (G.0O  a0.d G o G.D (5.1 (75:)
Xq22 4 4 3 11 3
5.0 6.0 (8.6 (2.2) (37.5
17¢ ‘ 213
(43.1)

w1
]




ST 0 CONU 8 Caffeine B suitig m@m i U E -

treatment

sites

unique to CCNU

1p34,2p15,2p23.3p13,3p23,4023,5q21.2

9q12,12q22,13921.2,13q31

common-to CCNU and
caffeine

3026.2, 4031.3, Xp22

unique to caffeine

1p31,1923,3p14,2q932,3q13,5031,6p23.
6915,6426,7¢32,11q14,11q21,16923,

Xq22

53




UiEE

D fe—: BEIERESATE B B

RPMI-1640 GIBCO
i e e E
Caffeine (2.5 mM) ~ - SIGMA
CCNU (10 M) SIGMA
Colcemid ' GIBCO
FCS (fetal calf serum) GIBCO BRL
Fixation (methanol. acetic acid=3:1) E.Merk
Heparin sodium B Braun Melsungen A G
Hypotonic solution (0.54% KCI) E.MERK
PHA (phytohemagglutinin) M form GIBCO

PSN (penicillin, streptomycin,neomycin)  GIBCO
fisrR=" &35
1. Lamina Flow : Bellco Glass Inc. (USA)

2. Incubator (32E5E):
Forma Scientific Steri-cult incubator
temperature 37°C, Humidity 60-98%,
~CO2 control 5%.
Water-Jacketed incubator

3. Centrifuge (B [M#): Hitachi
Time and Speed ( x 1200 rpm)

4. Slide warmer (HtFr#%) : Fisher

WD 2 FAT
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A B SN EIEE I SR -

CCNU CCNU+Caffeine| Caffeine Control
1 110 269 61 3
2 90 210 41 2
3 104 268 80 0
4 93 230 80 2
5 69 231 67 0
6 120 239 59 3
7 64 149 35 1
8 105 294 11 1
B. #etoth

: sum of square degree of freedom mean of square F

between 238013.1 3 79337.7

within 18428.9 28 658.2 120.5

total 256442.0 31

F 0.005(3,28)=5.32 ; #&&f p < 0.005
TREIZ A SO SRR E =X -
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15612 1 ‘ 1
15913 1 1 j 7
13072 1 1 1 3
1525 2 2
16p12 1 1 2
16q21 1 L1
16q23 1 1 1 3
17p12 1 1
17921 1 o 1
i7q22 z 2
17923 1 1 1 1 4
18912 1 1 1 3
18q21 1 1
18922 1 1 2 q
%p22.3 1 4 1 1 ‘ 7
¥q2l 1 1 2
iq22 1 1 2
7924 1 1 1 3
1925 2 2
¥q26 1 1 2
tola | 110 50 104 33 $9 120 64 105 755
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Y28 : CCNU + Caffeine AT B i BB 2 B B

g7 o
sitginel g 2 3 4 5 ! 7 g total
ipl2 | ; 7l 3
ipl3 1 1 1 3
1p2l 1 1 1 2 1 2 9
1p3t 2 3 5 5 3 10 6 ) 43
1p32 4 1 4 1 3 2 <15
1p34 2 6 3 1 1 2 2 1 18
1p36 1 1 3 1 3 2 11
1912 1 1
lqat : L l z
1922 1 1
1q23 1 1 3 10 4 2 3 2 26
1q25 1 2
1931 3 2 2 3 2 1 1 4 18
1332 1 1

g4t 1 - 1 2 1 2 2 2 11
1g42 1 1 1 3
1944 2 2
2pll : 1 1
2p13 2 2 1 2 1 4 2 14
2p15 2 4 6 3 3 1 3 4 2%
1p23 3 2 5 1 4 4 4 4 21
2913 1 3 1 7
2g21 3 2 2 7
2923 1 4 2 5 3 1 1 3 20
2931 1 2 1 1 5
2932 5 1 5 3 1 4 13
2933 1 2 6 9
2935 2 3] 1 1 1 1 1 3 13
3pl2 1 2 3
3p13 1 4 / 2 9
Ipld 15 5 13 12 15 12 9 12 94
spil _ b SR DR S l
3p23 4 1 3 4 5 8 2 5 32
313 2 4 1 2 2 1 12
g2l 1 2 3
3923 / 1 4 2 9 24
3g26.2 12 9 15 § 2 10 19 12 76
4015 5 2 2 5 2 3 1] 21
4912 2 1 2 1 1 7
4g13 3 2 1 2 2 1 11
ig21 1 1 2
4923 2 2 2 4 2 2 1 4 19
4925 2 4 1 1 8
4927 4 4 1 1 1 1 8 20
4931 1 1 10 2 11 3 2 30
4933 3 4 4 3 4 2 8 28
5p13 1 1
Spld 3 4 12 2 3 5 3 g 38
5pi5 1 1 2
5q1l 1 1
5q12 1 1
5q13 1 2 3
5g15 § 1 2 3 1 4 /i 6 25
5q22 6 4 8 1 5 1 2 1 28
5g31 1 1 2 3 4 2 2 150
5q33 2 1 1 4 2 2 1 3 16
ép2l 1 1 1 1 4
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13g71.2 8 10 5 § 4 3 £ 7 49
13931 4 Z 4 1 4 10 i 4 30
13g22 1 2 3 1 7
13933 2 2
14gi1 2 2
14q13 2 1 2 2 1 + 8
14g21 3 2 2 3 1 1 3 15
14923 1 1 1 2 1 6
ligie ; ! 1 ! 1 ! 3
14931 2 1 3 2 1 ; 2 11
15q13 1 f 1 2
15g15 3 2 1 2 8
15922 3 1 1 2 2 2 1 12
1324 2 : 2
15925 2 1 2 3 8
16p12 2 % 2
16p13 1 1
16q13 1 2 . 1 4
15q21 1 : 1
16g23 2 2 1 1 1 1 8
17p12 S 1 1
17912 1 1
17q21 2 1 1
17923 1 1 2 1 2 7
13g12 1 2 1 1 2 7
13q21 3 1 2 2 g
1122 1 2 1 2 1 7
13913 1 1
10p12 1 1 2
20g13 2 2
21921 1 1
22912 1 2 1 4
01l 2 [
522.3 2 12 10 10 11 1 5 53
1q22 6 4 5 2 5 2 5 5 ¢k
iq24 4 2 1 7
g25 ! 4 4 _ ! 10
26 2 1 2 2 7
7927 3 1 i 1 6
tola] 269 210 268 230 231 239 143 29401890
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Mfsk= : Caffeine FTaE 1 LR TN B K HER RS, -

gite | 1 2 3 4 5 6 7] gl total
ol 3 i | i 4
kAR 4 1 2 2 1 10
1817 1 1
1912 1 1
ig2t 1 1
1923 1 4 5
1g25 1 1
k) 1 1
1944 2 2
7013 1 2 3
2015 1 1 2 1 1 1 7
2023 1 2 1 1 5
2921 1 1 2
7923 2 1 2 2 7
2931 1 1
2312 1 2 1 2 1 3 10
2935 1 1 i
Ip12 2 1 3
3pl 20 8 17 14 13 10 6 12 100
3p23 1 1 2 2 6
3g13 1 2 1 4
3g21 1 1
3923 2 1 1 4
1326 3 2 2 3 2 4 16
4013 1 2 3
1015 1 2 1 1 1 §
g1 1 1 1 3
1913 1 1
1923 1 1 1 3
4325 1 1
4927 1 1 2 1 1 6
1931 1 1 3 3 8
1333 1 1
ipld 1 1 1 2 1 1 1 8
3q15 3 1 1 1 5
922 1 2 1 2 1 1 8
3931 1 3 1 5
2433 1 1 2
023 1 3 1 5
£q15 1 2 3 6
£q21 2 2
£q26 3 1 4
927 1 1 1 3
pil 1 1
ipld 1 1 2
nll 1 1
7921 1 1
7931 1 1 2
7932 1 1 4 2 3 1 5 17
3p22 1 1
3q21 1 2 2 1 6
3g22 2 1 1 4
2q23 1 1 2
3p22 1 1 1 3
3g12 1 1 2 3 4 1 5 17
3q21 1 1
3632 1 1 2
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DAUNOMYCIN-INDUCED CHROMOSOMAL
BREAKAGE AND ABERRATIONS OF CULTURED
HUMAN LYMPHOCYTES

JunG-Crin Liou anp Snuan-Yow Lt

The genocytotoxic effect of daunomycin was sindied in cultured lymphocytes
from ten healthy individuals. We used caffeine as mutagenic enhancer. Our results
showed that daunomycin could induce high frequency of chromosome breakage
(p<0.085) and numerous chromosomal aberrations as well. The muajor types of
chromosomal aberrations included interchanges. between homologous or non-
homologous chromosomes, intrachromosomal exchanges, translocations, dicentric
chromosomes, and ring. chromosomes. Further, many of the daunomycin-induced
break sites were common to the cells exposed to diverse mutagenic agents. In
addition, most of the daunomycin-sensitive sites were coincident with the specific
cancer chromosome breakpoints and some of mapped oncogenes locations. This
study indicates that there exists some fragile sites within the chromosomes which
are sensitive to daunomycin and other agents. Such fragile sites may be involved
in mutagen-induced disruption -of: active DNA sequences that are critical in
promoting tumorgenesis and other genetic defects.

Keywords: daunomycin; chromosomal aberrations; fragile sites; specific
cancer breakpoints

The fragile sites are specific sites in
chromosomes that breakage can be increasingly
induced -under certain culture conditions.
Culture medium containing low concentrationof
folic acid or thymidine induces the expression
of some fragile sites [1,9,16,25]. Fragile sites
are also inducible by mutagenic agents such as
fluorodeoxyuridine [9,21,36], methotrexate
{1,36], aphidicolin [3,10,11,21,36], busuifan
[36], caffeine [7,21], bromodeoxyuridine
[5,26,27,30}, distamycin A [23,28], and 5-
azacytidine [27]. Besides, diverse mutagens
which have different action mechanisms are
able to induce many similar fragile sites
[6,9,21,36]. At present, many: types of
leukemia, lymphoma and solid tumor cells are

known to have specific structural chromosomal
defects, primarily involving translocations,
deletions -and inversions ‘with two precise
breakpoints [2, 4, 8§, 13, 14,°18, 19, 20, 28,
29,31, 32, 34, 35]. In addition, several studies
have shown that these mutagen-sensitive sites
are correlated with specific cancer chromosome
breakpoints {8,11,13,14,18,20,28,35,36].
Daunomycin -(daunorubicin) 'is  the
antibiotics usually used to treat leukemias. Its

anthracycline structure will intercalate into'the

double-stranded DNA to destroy the neoplastic
cells, or it may inhibit topoisomerase 11 by
stablizing a covalent enzyme-DNA-complex
and thus disrupt the rejoining of DNA breaks
of cancer cells [33].

Corresponding author:- Dr.Shuan-Yow Li, Cytogenctics Laboratory, Chung Shan Medical and Dental College,

Taichung, Taiwan (R.0.C.)

Cytogenetics Laboratory, Chung Shan Medical and Dental College, Taichung, Taiwan (Republic of China)

Vol. 5, No. 1, 1994
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This study ‘was aimed at détecting the
frequency and distribution of daunomycin-
inducible fragile sites in cultured human
Ilymphocytes. We: applied caffeine as. a
mutagenic enhancer {17,36}. OQur results
demonstrate that daunomycin shows a potent
¢ffect in induction.of chromosome breaks and
different types ofchromosomal aberrations.
Many of ‘the daunomcin-sensitive sites are
similar to other mutagenic agents fragile sites.
Furthermore, most of the daunomycin-sensitive
sites are correspondent to. the breakpoints of
certain cancer- abnormal’ chromosemes and
locations of some oncogenes: These phenomena
may be helpful to explain’ why structural
chromosomal- rearrangements- often present
when cells are exposed to mutagens and
carcinogens.

MATERIALS AND METHODS
Peripheral blood from ten healthy
individuals (five males and five females, 20-
29 years of age) were cultured in RPMI-1640
medium. The medium was supplemented-with
15% FCS (fetal calf serum, GIBCO.), 1% PSN
antibiotics mixture (penicillin, streptomycin and
neomycin, GIBCO), and 2% PHA (phyto-

hemagglutinin, GIBCO). Four separate cultures
(1,2,3,4) (see Table 1) from each individual
were set-up and:incubated for four days: Before
harvest, cultures 1 and 2 of each subject: were
exposed to daunomycin: (0.1 uM: final
concentration, Sigma). Twenty to hours later,
all: cultures were washed twice' with- fresh
RPMI-1640 medium. After washing, caffeine
(2.5mM final concentration,Sigma) was added
to ‘cultures 2: and 3 for the last' 6 hours: of
incubation. Mitotic divisions were- arrested by
treatment with colcemid (0.05 ug/m1, GIBCO)
for the last 20 min of incubation. Then all cells
were treated with 0.075:M hypotonic KCI for
16 min, and they were fixed by three changes
of 3:1 methanol glacial acetic acid fixative.

-Cells in fresh fixative were dropped onto clean

slides. The prepared chromosomes. were
Trypsin-G._banded with Wright’s stain. Cells
from cultures which were not treated with
daunomycin or-caffeine were served as control.

One hundred metaphases from each
treatment were analyzed by microscope, or by
karyotyping. The band level of observed
chromosomes- were ranging from 400 to 500
bands. The chromosome breakpoints were
recorded according to the international system
for cytogenetic nomenclature (ISCN)[15].

Table 1. The four different treatments of lymphocytes from each individual.

66h }

coicemid
washed  20min

22h twife; 6h i }
time course —1F— —+ —  harvest
cultures
| Dau -
2 Dau Ca
3 - Ca
4 - -

Dau (daunomycin, 0.1 uM final concentration),
Ca (caffeine, 2.5 mM final concentration).
Colcemid was used to arrest cells in metaphases.

J Genet Mol Biol
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Table 2. Comparsion of chromosome breakage frequency induced by: daunomycin, daunomycin
with caffeine;and caffeine.

Culture treatmant no.of bands mean breaks/ mean breaks/
showing ‘individual(z=SE) cell
breakage

] Daunomycin 193 277.3%30.5 2.717
2 daunomycin+caffeine 201 401.4+33.9 4.04
3 catfeine 85 12.8+1.7 - 013
4 untreated - 9 1.2+0.4 0.01

a:The final concentration of daunomycin is 0.1 uM.
b. The final concentration of caffeine is 2.5 mM.

¢. Cultures not treated with daunomycin or caffeine were served as control.

d. SE = standard crror,
e. p<o.02k,

Analysis of variance [22] was done to analyze
the frequency of -daunomycin-inducible
chromosome breaks.

RESULTS :

The  four- different treatments of
lymphocyte cultures are listed in Table 1.

As shown in Table 2; the frequency of
chromosome breakage induced by daunomycin
is - very high (277.3%30.5, mean breaks 100
metaphaseststandard error). There are 193
chromosome bands showing breakage at least
once in-one or more individuals: (Table. 2).
Table 3 lists the frequency and distribution of
daunomycin-inducible chromosome breaks.

The frequency of chromosome breakage
obtained from cultures receiving.the treatments
of daunomycin with caffeine is noticeably high
in comparison with that treated  with
daunomycin alone (Table 2). However, as seen
in Table 2, there are 201 chromosome bands
having breakage in daunomycin with caffeine
metaphases. This implicates:that although the
expression.of breakage frequency is drastically
enhanced by caffeine, the locations of
chromosome breakage are not increased
accordingly. ‘

Table -3 also summarizes the relation-of
daunomycin-sensitive: sites to the known
specific cancer chromosome breakpoints and
locations of mapped oncogenes, and to the

Vol. 5, No. 1, 1994

fragile sites induced by other mutagenic agents.

In addition. to ‘breaks, large numbers of
chromosomal” rearrangements. also: present in
cells exposed to daunomycin (Fig. 1). The
major-types. of chromosomal aberrations .are
homologous chromosomal interchanges: (Fig.
1A), homologous dicentric chromosomes (Fig.
1~ B), non-homologous. chromosomal
interchanges (Fig. .1 C, 1'D), complex
chromosome- interchanges  (Fig. 1" E);, non-
homologous chromosomal translocations (Fig.
1 F), intrachromosomal exchanges (Fig. 1G),
and ring chromosomes (Fig. I H).

The -breakpoints of these daunomycin-
induced abnormal . chromosomes “were
karyotyped and analyzed. Table 4 lists the
structural abnormal’ties (including interchanges
and translocations) with frequency more than
1.0% of the total 403 recorded: chromosome
breakpoints.

DISCUSSION

Recently, a large number of fragile sites
have been identified in human chromosomes
[10,12,24,25,26,27]. Fragile sites are the points
in chromosomes where they preferentially show
breaks, either spontaneously or after eéxpoure
to certain mutagenic agents. These mutagens
include antifolate agents. (such as
fluorodeoxyuridine “and - methotrexate)
[1,9,21,36], DNA polymerase alphainhibitors
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Fig. I The major types of daunomycin-induced chromosomal aberrations.

A shows inter-homologous chromosome exchanges, and are. interpreted as:
cte(15;15)(ql5;q15),cte(1; 1){p13:q32) and cte(17;17Xq23;925).

B shows homologous dicentric - chromosomes: dic(1)p32p32), dic(1)(q23qg31),
dic(6)(q15q921).

C shows quadriradial ‘interchange of ‘non-homologous chromosomes: cte(1;3)(p34;p23),
cte(2:12)(q21;q21), cte(2;8)(q31;q22) ~with a break at 2pl3, cte(4;X)(q31;q22),
cte(9;14)(q22;923), double mterchanges in chromosome 1-ct(1;12)(p13;q24) and cte(1;
I(p32,921).

D is- triradialinterchange of non-homologous chromosomes: cte(10;13)(q26;q14),
cte(1;3)(p34;p25) with a break at 3q12, and cte(5;6)(q13;p23).

E is a pentacentric complex-in chromosomes 1,3,10,18 and 20.

F shows non-homologous translocations: t(1;9)(p22;q12),.4(1;12)(p34;922), t(2;X)(q33;926),
4 (p16;q13),4(6;9)(p23;q22).:(7;12)(q32;q24), and (12;X)(p12;q22).

G shows intrachromosomal - exchanges: ct dei(4)(q21q76) ct del(6)(q15 g23), and ct
del(X)(ptiql3).

H is ring chromosomes: r(2), r(2), 1{5), and a ring 2 chromosome with a breakpomt at
2pl3.

[ shows chromosomes with double breaks: chromosome-1 at p34:and q32, chromosome 3

at p23 and q27, both forming ring-like configuration. (The breakpoints were recorded
according to ISCN, 1985)

J Genet Mol Biol




Daunomycin-induced chromosomal breakage and-aberyations of cultured human lymphocytes

Table 4. . The breakpoints in the ‘interchanged and translocated chromosomes observed in

daunomycin metaphases.

breakpoint: - chroinatid translocation total
exchange break
Ip21 1p32,10pi4, " -4q26, Spi4 2
1523
Ip32 1p21, [p32,
2pl3,3q24,
5pld,10q25,
12q24L17q21
1p34 . - 3p23,3p25
8q22,10421
1425 2p24,3p24, 5
4q22,8q2,
12pl2
1q31 1423,3pi4, 7
6425;12q24,
12q24,13q13
15q24
2ple 3pl4,8q22, 5
8§q24,13q2,
17q21
3pl4 1q31,2pl6, 4q31,9p2l, 11
2q32,5q21, = 1431
5q23,8q22,
12924, Xq25
3q27 . 8q21,15q23, - 12924, 7
15q23,16pl1, 15925
Xq25
5q13 4pl6,6p23,
10q22,13q13,
22q12
5g31 13q13,13q21, - 3pl3,4q3], 8
: 15q922,15q25, 11gi3
16q12

1q42,9p21, 12
Hpld,
13g34

12q22 5

1p21,6926 7

chroinatid
exchange
6p23 2q33, 5qi3,
9q22,14q24,
17421
8q22 1p34,2pl6, 7
2q31,3pl4,
5q15,13q31
18gl2
9q22 4q27,6p23, 9q3! 7
6q21,7q22,
14q23,14q31
10pl4 1p21,10g26, - - 4pi5 6
flpld 11923,
16922
1p13,1q31; 3q27,4926, 12
1q31,1q42, 19pl3
3pl4,3p23,
7pt4,7q32
4q23 .
15qi5 8qi1,15ql5,  6p23 5
17q22,19pl12
1q21,2p22, 7932 5
5q31,8q13
1q21,10g24, =~ 5
12q14,20q12,
20q12
2p24,2q35, - 12pl2 5
4q31,12q13

breakpoint translocation total

break
3p23, 15qi5 7

12924

15q22

20q12

Xq22

This table only shows the breakpoints with frequency more than 1.0% of the total rccorded chromosomal

abnormalities.
(such as aphidicolin) [3,10,11,21,36], alkylating
agents (such as busulfan) [36}], and DNA repair
inhibitors (such as caffeine) {7,21]. Many
similar chromosome fragile sites are induced
by diverse mutagens {6,9,21,35,37]. So far,
certain chromosome: defects are consistently
associated with some types of human cancer
[2,4,8,13,14,18,20,28,29,32,34]. Further, many
fragile sites are correlated with specific cancer
chromosome breakpoints.and some oncogene
locations [8,11,14,18,28,34,37].
Daunomycin ‘(daunorubicin) is  an
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anthracycline antibiotics and is clinically used
to treat leukemias. It is able to intercalate into
the double-strandc 1. DNA- to kill neoplastic
cells, or it may inhibit topoisomerase 11 by
stablizing a covalent-enzyme-DNA complex
[33]. The present study-is designed to detect
the frequency and distribution of daunomycin-
sentive sites in human lymphocytes.

As shown in table 2, .-the frequency: of
daunomycin-induced chromosome breakage is
significantly ‘higher than that of control
(p<0.028). A total number of 193 chromosome
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‘Table 3. Locations of daunomycin and caffeine sensitive sites,and their relation to'specific cancer
chromosome breakpoints and mapped oncogenes and to certain mutagen-inducible fragile

sites:
band Dau “Dau Ca cancerchromosomes with known oncogene mutagen-
+ breakpoints [20,35,36} location fragile site
Ca
tp21 L RER FdU: MTX [36]
1p22 * neuroblastoma; breast Apc [21,36]
» adenocarcinoma [20,34,36}

Ip3l * * disseminated-neuroblastoma [20]

ip32 B pEAsN neuroblastoma; ALL {2,20] L-myc Apc[3,21,36]

1p34.3 = EE

Iq21 * Apc;Aza;Bus

[36]

fq24 *

1q31 B

tqdl *

2pl3 L kR NHLALLB-CLL [2,3,20]

2pt6 E Apc|36]

2p24 * e leiomyoma [20,36] N-myc FdU; MTX [36]

2q12 * * :

2q22 * *

2q31 * * Apc[3,10,11}

2q32 REL R

2q33 * “ ANLL [2,20]

3pi2 * * malignant fibrous histiocytoma {20}

3pl4d Baw oexkxooxx  SCLC;ALL;breast adenocarcinoma; Apc;Aza;Ca;
familial renal carcinoma;mixed salivary FdU;MTX
gland tumor; rhabdomyosarcoma [21,27,36,37]
[4,13,19,20,29,31,32,34,35]

3p2t * * X

3p24 BEL D REX Apc (21,36]

3132 e e

3g22 * * Lennert’s lymphoma;CML {2,20]

3qg24 * *

3q26.2 ¢ r* MPS;ANLL{20,36]

3427 * x NHL [20,36]

4pls5.2 o ¥% oo e ) Apcl36}

dq21 rEL R bilineal ALL/ANLL {34,306}

4424 #

4420 o

4q27 * wE raf 2

4313 #*

4933 * *

Spl4 BE Apc[36]

3qi2 * ®

6
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Table 3. (continued)

5q13

5ql15.
5q21
5431
5q32
15q34
6p23
6ql3
6q15

6q2!
6q22
6425
Tpl4
Tp22
7q11.2
7q21
7q22
7q3!
7932

8pll.2
8p22
8q21
8q22

8q23
9p12
9p21
9p23
9q12
9q22
10p13
10p14
10q21
10923
10q25
Ipt4
Ligl3

fiql4
11923

*
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refractory anemia; MDS; ALL; ANLL
[2,20,36]
ANLL-M3; MDS [20]

ANLL; MDS [20,34,36]

ANLL-M2 [20}
ANLL [20]

c-fms

ovary adenocarcinoma; B-PLL; ALL
[20,34,36]
OPA; ALL; PLL; ANLL-M5b {20,36] ros; stk

c-ras; myb

leiomyoma; ANLL [2,36]

ANLL; MDS {20,36]
leiomyoma {20}

met; kit

MPT [34,36]

ANLL-M2 {20] c-mos

ANLL [20]
ANLL [34,36]
ANLL-M4,MS5 [20]

Wilms tumor [20,34,36]

NHL; CML; PLL; B-CLL; RAEB
{20,36]

MDS; NHL; CLL [20,35,36]

CML; CLL; ALL; ANLL-M4,M5; MDS;
Ewing's sarcoma; ncuroepithelioma
[20,36}

beb 1 int 2

ets 1

Apc; FdU:[306]

Apc [3,30]

MTX [1,36}
Apc; Ca; FdU
[21,36]

Apc; FdU; MTX
[21,36]

Aza [27]
Apc {36]

BrdU [26]
Apc {21 ]
Bus; MTX [36]

FdU; MTX {36}
Apc (11,21}
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Table 3. (continued)

12pl2 - ®x % BALL; CML; ANLL-M5a [20] -, k-ras 2
12913 . 0* b T-cell lymphoma; ALL; salivary gland
adenocarcinoma; myxoid liposarcoma
[34,35,36}

1292+ * £ Bus;FdU; MTX
[21,36]

12q24.1 »% o oxxs CML [20} Apc; BrdU
[21,30]

13qi3. * i Apc[3]

13q21 - * i

13q22 0 xx0 o NHL; B-CLL,; astrocytoma-H1L1V {2,20]

14q21  * E ANLL [20]

14923 * * Apc [3,36]

1424~ ** ¢ OPA [20,34] FdU; MTX

-[1,36}

1515 * #

15q21 % i

15422 % * ANLL-M3 20} Ape (36}

15923 % * '

1525 - * *

16ptl.2 .* # Aza; Bus
[27,36]

16pi3. - * xE AMLEO; ANLL-M4,MS5 [20,36]

16q22- ' * * * - ANLL-MZ2 {20] BrdU;Ca;Dist A

_ [21,23,27]

17pi2. - * * Dist A [36]

17q21 - * *E ANLL-M3 (34,36} erb Al

17923 * ** CML,; B-CLL [20] Apc [21,36]

18q21 * *

20q12° . * *

22q12. % * *

22q1t3

Xp223 % e * . Apc; Ca; FdU
[21,36]

Xq2! * * *

Xq22 * * * Apc [21,36}

a, This table presents the daunomycin-induced break sites with frequency more than'1 0 breaks. * =1 0-29 breaks. ** =30~
&9 breaks, *** =50-69 breaks. **** =70-89 breaks. ***** =break number more than 90, # =break number lower than 1
Q.

b. Abbreviations: ALL=acute lymphocytic lcukemia; AMLEO=acute myelomonocytic leukemia with eosinophilia;
ANLL=acute non-lymphocytic leukemia:B-CLL=B-cell chronic lymphocytic leukemia; B-PLL=B-cell prolymphocytic
leukemia; CML=chronic myelomonocytic leukemia; MDS=myelodysplastic syndrome; MPT=mixed parotid gland tumor;
MPS=myecloproliferative syndrome; NHL=non-Hodgkin's lymphoma; OPA=ovarian papillary adenocarcinoma;
RAEB=rcfractory anemia with excess of blasts; SCLC=small cell-tung cancer.

c. Apc=aphidicolin; Aza=5-azacytidine; BrdUsbromodeoxyuridine; Bus=busulfan; Cr caffeine; Dist A= dlihmycm A;
FdU=fluorodeoxyuridine; MTX=methotrexate.

8 ‘ J Genet Mol Biol
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bands showing breakage at least once in one
or more of theten individuals (Table 2).

Among these daunomycin-induced break

sites, band 1p32-is the: most frequent one,
-accounting for 2.2% of the total 2773 breaks.
Other break: sites  induced: by daunomycin in
decreasing order are 3pl4 (2.0%), 3p24 (1.5%),
LIgld (1:5%), 2pl3(1.4%), 6q23(1.4%),
14q24(1.4%),-9q22(1.4%), 1p21(1.3%),
2q32(1.3%), - Tq31(1.3%), - 3q13(1.2%),
TQ2L(1.2%), - 4q21(1.2%),  6q21(1.2%),
12q24(1.27), 8422(1.2%), Splda(l.1%),
Sq3H(1:1.%), and 12p12(1.1%) (Table 3). All
these sites mentioned above constitute 27%-of
the total 2773 breaks in the ten individuals:

Break -at-1-p32 is also. present in
neuroblastoma and acute lymphocytic leukemia
[20}:: Band 3pl14 is known to be the most
common fragile sites in human [6,24,37],-and
such chromosome breakpoint usually presents.
in small cell lung carcinoma; familial renal
carcinoma; mixed salivary gland tumor, acute
lymphocytic-leukemia, breast carcinoma, and
rhabdomyosarcoma‘[4, 13, 19, 20,29, 31, 32,
34,.35]. The induction of this break site (3p14)
can: be enhanced proportionally by certain
culture conditions such as exposure cells to
caffeine [17,24]. Band 11.q 14 is a breakpoint
appearing in _myelodysplastic syndrome, non-
Hodgkin’s lymphoma-and chronic lymphocytic
leukemia cells {20]. Breakpoint 2p13:is usually
seen-in non-Hodgkin’s lymphoma, acute
lymphocytic leukemia and B-cell lymphocytic
feukemia [3,20].. Band- 6423 is- the location of
oncogene c-ras and myb [34,36]. Site .14q24
usually -appears in ovarian  papillary
adenocarcinoma . [20,34]. ~ The  .other
daunomycin-sensitive sites that correlate with
cancer chromosome breakpoints or oncogene
focations are listed in Table 3.

Caffeine, by inhibiting the DNA repair of
replicating cells, is generally used-as a
mutagenic enhancer [7,17,36]. The number of
chromosome: breaks in the treatment of
daunomycin with caffeine metaphases are much
more than that of the daunomycin alone (Table
2). There are 201 chromosome bands presenting
breakage in cells exposure to daunomycinwith
caffeine (Table 2). Such result: indicates ‘that
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although  caffeine significantly ‘enhances the
induction of chromosome breakage, it does not
proportionally increase the expression of fragile
sites. Caffeine itself can induce the expression
of . certain fragile ~sites such . -as
3pl14,16q22,Xp22, and Xq22 [21]. However, a
possible repression of sites 424, 7p22, 9p23;
15q15, 16p11.2, and 22pl3is noted when
caffeine isused .in combination with
daunomycin (Table 3).

There are also many types of structural
chromosomal —aberrations observed  in
daunomycin metaphases except for breaks:(Fig.
1). The interchanges between homologous:
chromosomes (Fig. 1A) implicate the existence
of somatic ‘pairing and recombination during
mitosis. The -interchanges between non-
homologous- chromosomes (Fig. 1.C, 1'D)
imply the transitional stage.of forming the
translocations and other structural-aberrations.
Unequal . intrachromosomal “exchange
configurations (Fig.'1G) can be interpreted as
an intermediate step pertaining to chromosomal
deletions, duplications or inversions. Besides;
there -are approximate 1.1 % of ring
chromosomes in daunomycin-treated cells (Fig.
1-H). Thirty percent of the total 43 ring
chromosomes- occurs -at- chromosome 2. A
possible process of ring chromosome formation
is. shown in Fig. 1 1, the rejoining of two
breaken sites at’ the different points-in the same
chromosome leads to the ring configuration.

Table 4 shows the breakpoints in an
frequency of more than 1.0%: of the analyzed
interchanged and translocated chromosomes. In
these chromosomal lesions, many of the break
sites suchas 1p32, 3pl4, 3q27, 5q13,'5q3%
6p23, 8922, 9922, 10pl4, 12924 and 15q22
are seen in certain cancer chromosome defects
(Table 3).

Our results demonstrate that daunomycin
has a potent effect in the induction of
chromosome breaks .as well as chromosomal
structural defects. Most. of the daunomycin:
sensitive sitesalso appear in fluorode-
oxyuridine, methotrexate, aphidicolin and other
mutagens. The consistence. of particular
chromosome breakpoints-in certain tumor cells
implicates the plausible relationship between
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these sites and the tumor formation.- All:of the
findingstogether suggest-that such fragile sites
in-human: chromosomes may- be the common
spots.of mutagenesis and-carcinogenesis:
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FREQUENCY AND DISTRIBUTION OF
CCNU-INDUCED FRAGILE SITES IN CULTURED
HUMAN LYMPHOCYTES

- Junc-CrivLiou, AND SHUAN-Yow L1

The frequency and localization of CCNU-induced fragile sites was studied in
cultured human peripheral lymphocytes: We used caffeine as the mutagenic
enhancer. Qur results showed that there was a significantly higher frequency (p<
0.005') of chromosomal breakage in CCNU-treated metaphases than in.controls.
A frequency of 4% or more of total breaks was applied to eliminate apparent
random breaks that were observed. Based onthis criteria, there existed 14 CCNU-
sensitive sites on human lymphocyte chromosomes. Most-of the CCNU-induced
fragile sites are also present in cells which were exposed- to other mutagenic
agents. Furthermore, some of these CCNU-sensitive sites were coincident with
certain cancer chromosome breakpoints. Therefore, such fragile sites on
chromosomes may be the hot spots of mutagenesis and carcinogenesis.

Keywords: CCNU, chromosomal fragile site, chromosomal breakage,

mutagens

Chromosomal fragile sites are weak points
-on chromosomes that have a tendency to break
under certain culture conditions. The breaks
lead to: the subsequent formation of
chromosomal deletions, translocations,
inversions, ring chromosomes, and other
rearrangements. ~Fragile sites are inducible in
low concentration of folic acid or thymidine
culture medium [1,9,32}. They also can be
induced by. distamycin A [14,28] bromode-
“oxyuridine [33,34];, methotrexate [1,42],
fluorodeoxyuridine [25,36] aphidicolin
[4,10,11,25,42], 5-azacytidine [34,37], busulfan
[42], and daunomycin [21]. Besides, diverse
mutagens whichact through different molecular
mechanisms can induce many similar fragile
sites[5,10,41,42].

CCNU[lomustine; 1-( 2-chloroethyl )-3-
cyclohexyl-1-nitrosoureal, analkylating agent,
is frequently used to treat lymphoma as well as
certain solid tumors, in particular brain

tumors[8,38,40}. The alkylation of CENU to
DNA is the major cause of cell death during
antineoplastic therapy[40]. It has been proved
to-be a potent sister chromatid exchange (SCE)
inducer in human lymphocytes[3].

This study was designed to examine the
frequency and localization of CCNU-induced
fragile sites in cultured human peripheral
lymphocytes. In addition, we used caffeine to
enhance the expression of CCNU-induced break
sites[6,17,25,42}. Usingacriteriaof afrequency
of 4 % or more of total break sites in one
individual  to eliminate random breaks that

- were observed[25]. - Our results showed that

there exist 14 CCNU fragile sites-on human
lymphocytes. Some of them are also seen in
other mutagen-induced fragile sites.

MATERIALS AND METHODS

To test the cytotoxicity and the most

Cytogenetics Laboratory, Chung Shan Medical and Dental College, Taichung, Taiwan, Republic of China
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effective concentration of the: CCNU /in"the
inductionofchromosomal breakage, we carried
out alarge number of preliminary experiments
on lymphocytes from five young individuals.
Then a concentration of 10> M CCNU was
chosen as the most appropriate concentration
for the following studies.- We apptied caffeine
to enhancethe induction of CCNU fragile
sites[42].

Peripheral blood fromieight healthy adults
(four males and four females Y were cultured in
RPMI-1640 medium. The medium was
supplemented with '15% fetal calf serum
(GIBCO.), 1% PSN:antibiotics mixture
(penicillin, streptomycin and neomycin,
GIBCO), and 2% PHA (phytohemagglutinin,
GIBCO)[20]. There were fourcultures (1,2,3,4)
('see Table 1) from each individual, and they
were incubated for96 h. Before harvest, CCNU
( 10°*M final concentration, Sigma ) was added
to the cultures 1 and 2. Twenty four hours later,
all cultures were washed twice with fresh RPMI-
1640 medium. Then the cultures 2 and 3 were
exposedtocaffeine (2.5mM final concentration,
Sigma) for the last 6 h of incubation. Mitotic
divisions- were. arrested by treatment with
colcemid (0.05 ug/m!, GIBCO ) for the last 20
min of incubation. Then:all cells were treated
with 0.075 M hypotonic KCI for 16 min, and
they ‘were fixed by three changes of 3 : 1
methanol : glacial acetic acid fixative. Cells in
fresh fixative were dropped onto clean slides.
Thechromosomes were Trypsin-G banded with
Wright’sstain[19} The prepared chromosomes
were at 400~ 500 band level.

One hundred metaphases from each
treatment were randomly ‘scored with
microscope. The chromosomal. breakpoints
were recorded according to the international
system for cytogénetic nomenclature[15}].
Analysis of variance and multiple comparison
tests[26} were done to compare the frequency
and spectrum of CCNU-induced fragile sites.

RESULTS

Assessment of CCNU dose

The frequency of chromosomal breakage
was correlated with the CCNU concentrations.
When 104 M CCNU was added to the cultures
for24 h, mostofthecells were killed. Bowever,
when 10°M CCNU was introduced for the
same duration; the occurrence of chromosomal
breakswas too low (23.5£5.9, mean breaks per
individual = SD ). When-cells were exposed-to
10°M CCNU- for 24 h, there was an obvious
increase of breakage ( 135.6x 47.8) (data not
shown). Therefore, a treatmentof 10°*M CCNU
for 24 h before cell harvest was-used as the
standard protocol for this study.

Frequency and Localization of CCNU-induced
fragile sites

“There were 135 chromosome bands
showing breakage at least once in one or more
individuals (Tablel). The frequency of
chromosomal breakage inducedby CCNU alone
was not very high (94.4+19.6). Moreover, we
did not find any chromosomal structural
aberrations in. CCNU' metaphases- other than

Table 1. Comparison of ctiromosomal breakage induced by CCNU, CCNU with Caffeine, and

Caffeine.

culture treatment no.of bands mean breaks/ mean breaks/
showing individual (+SD) cell
breakage :

1 CCNU 135 94.4 £ 196 0.94

2 CCNU + Caffeine 154 236.3 + 444 2.36

3 Caffeine : 92 61.8 £.16.6 0.62

4 Control B 1.5 %12 0.02

a. The final concentration of CCNU is 107 M.

b. The final concentration of Caffeine is 2.5 mM.

c.:Cultures not treated with CCNU: or Caffeine were served as control.

d. P<o.oos.
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Table 2. Analysis of CCNU-inducible chromosomal breakage

subject 1 2 3 4 5 6 7 8 total total
breaks - individuals
breaks 110.-°90 7104 - 93 69 - 120 64 105 . 755 8
breakpoint
1p34 5 5 1
(4.2 (0.6)° (12.5)
2pl5 4 4 1
(6.3) 0.5) (12.5)
2p23- 7 7 1
(6.7) 0.9) (12.5)
3pl3 5 5 1
4.2) 0.6) (12.5)
3p23 5 5 3 13 3
4.5y (5.6) 4.3) (1.7 (37.5)
3q26.2 5 4 6 5 20 4
4.5 (44) (5.8 (4.8) (2.6) (50.0)
4423 5 3 8 2
4.2y 47 1.n (25.0)
4q31.3 7 5 12 2
6.4). (5.6) (1.6) (25.0)
5q21.2 : 7 6 5 18 3
(7.8) (5.8) 4.2) 249 (37.5)
9ql2 22 1718 22 15° 22 12 20 . 128 8
(20.0) (18.9) (17.3) (23.7) (21.7) (18.3) (18.7) (19.0) ~ (17.0) (100)
12922 6 5 11 2
5.0) (4.8) (1.5) (25.0)
13q21.2 6 5 4 15 3
5.5) 4.8). (4.3) (2.0) (37.5)
13g31 4 -4 1
4.4 (0.5) (12.5)
Xp22.3 4 4 1
- (4.4 0.5) (12.5)
14¢ 254
(33.6)

a. Numbers in parenthesis represent % of total breaks in the individual,
b. Numbers in parenthesis represent % of total breaks in all individuals.
c: Numbers in parenthesis represent % of individuals.

d. Total number of breakpoints.

breaks.

In order to justify the presence of a fragile
site'in an individual, a frequency of 4% of total
breaks was ‘applied to eliminate the random
breaks[25] Under this criteria, there were 14 or
10.4% (14/135) that occurred with 4% or more
of total breaks in one or more subjects (Table
2). Among these 14 fragile sites, 6/14.(42.9%)

Vol. 5, No. 1, 1994

expressed more than 4% of frequency in one
person. The other 8 sites were present intwo or
more individuals. The most frequent fragile site
was 9ql2:with 17.0% of the 755 total breaks,
and this site appeared in all of the eight persons.
Band . 3q26.2 was the second most common
site, accounting for 2.6% of the total breaks.
Other sites of breakage induced by CCNU in
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Fig.1.- A typical example of CCNU-induced fragile sites in chromosomes of cultured human
peripheral lymphocytes. The breakpoints are at : Band 1p34 (A), band 2p15 (B), band 2p23
(C), band 3p13 (D), band 3p23 (E), band 3q26.2 (F), band 4q23 (G), band 4q31.3 (H), band
5q21.2 (1), band 9q12 (J), band 12q22 (K), band 13q21.2 (L), band 13q31 (M), and band
Xp22.3 (N). (The identification of chromosome breakpoints was according to ISCN,1985).

decreasing order were: 5q21.2 (2.4%), 13q21.2
(2.0%), 3p23- (1.7%), 4q3t.3 (1.6%), 12q22
(1.5%)and 4923 (1.1 %) (Table 2). All these 14
sites constituted 33.6% of the total fragile sites
in the eight individuals. A gallery of CCNU-
induced fragile sites was shown in Figure 1.

Enhancement of caffeine in induction of fragile
sites

Caffeine was usually used as'a mutagen
enhancer [6,17,42]. After washing twice, the
cells were treated with caffeine for 6-h.-Our
results showed  that the frequency of
chromosomal: breakage in- CCNU+Caffeine-
treated metaphases was significantly- higher (
p<0.005) ‘than that in. CCNU-induced

metaphases (Table '1). The distribution of
CCNU+Caffeine-induced breakage was listed
in Table 3. Of the 13 fragile sites; band 9q12
was present most frequently and accounted for
8.6% of the 1890 total breaks. Band3pl4 hada
frequency of 4.7% in total breaks. Both these
sites were seenin all of the eight subjects. Other
sites exhibiting breaksin decreasing order were
3q26.2(3.6%), Xp22.3(2.3%),and4q31.3( 1.1
%) (Table 3). Al of these 13 sites represented
only 25:3% of the total breaks. Thus, although
caffeine powerfully enhanced the induction of
chromosomal breakage, it did not only work on
certain sites of the chromosomes.

Table 4 summarizedthe fragile siteswhich
were found in caffeine-treated metaphases. Of

J Genet:Mol:Biol
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Table 3. Analysis of CCNU+Caffeine-inducible chromosomal breakage.
( Footnotes see Table 2)

subject 1 2 3 4 5 6 7 8  total total
breaks - individuals
total breaks 269 210 268 230 231 239 149 294 1890 8
breakpoint
1p3! 10 6 16 2
(4.2? (4.0) (0.8)  (25.00°
1923 10 10 1
(4.3) ’ (0.5) (12.5)
3pl4 15 3 12 16 12 9 12 89 7
(5.6 (49) (5.2) (69) (5.0) (6.0) (41) (47  (875)
3923 6 6 1
(4.0) (0.3) (12.5)
3q26.2 12 9 15 10 10 12 68 6
(45) (@43) 56) (43) (67 41y  (36) (75)
4313 10 11 21 2
) (4.8) (1.1 (25.0)
Spld 12 12 1
(4.5) (0.6)  (12.5)
9ql2 25 12 15 24 26 27 10 24 16 38
: 92) (5.7) (5.6) (10.4) (11.3) (11.3) (67) (8.2). (8.6 (100)
12413 12 1 1
(4.5) ' (0.6)  (12.5)
1222 13 13 1
@4 07 (125
13q21.2 10 6 16 2
(48) (4.0) (0.8) (25.0)
13931 10 10 1
(4.2) (0.5) (12.5)
Xp22.3 1210 10 11 43 4
(5.7) (3.7) (43) (4.8) (2.3) (50.0)
134 : 479
(25.3)
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Table 4. Analysis of caffeine-induced chromosomal breakage (Footnotes see Table 2)

Subject 1 2 3 4 5 6 7 8 total total
breaks~ individuals
total "
breaks 61 41 80 80 - 67 59 35 71 494 8
breakpoint
1P31 4 4 I
6.6 (0.8)° (12:5)¢
1923 4 4 1
(5:6) (0.8) (12:5)
2932 3 3 1
“4.2) (0.6) (12.5)
3P14 20 8 17 14 013 10 6 12 100 8
(32.8) (19.5) (21.3) .(17.5) (19.4) (16.9) (17:2) (16.9) - (20.2) (100.0)
3g13 2 . 2 1
4.9) (0.4) (12.5)
3926.2 3 3 2 4 12 4
(4.9) 4.5) (5.7 (5.6) 2.4) (50.0)
4q31.3 3 6 2
5.1 4.2) (1.2) (25.0)
5q31 3 3 1
(5.1) (0.6) (12.5)
6p23 3 3 1
(5.1) (0.6) (12.5)
6q15 3 3 1
6.1 (0.6) (12.5)
6q26 3 3 1
(3.8 (0.6) (12.5)
7q32 4 3 5 12 3
(5.0) 4.5) (7.0 2.4) (37:5)
11ql4 4 2 6 2
6.6) - (4.9 (1.2) (25.0)
11921 . 5 3 12 3
; (5.0) - (6.3) 5.1 2.4) (37.5)
16923 4 4 1
5.0) 0.8) (12.5)
Xp22 ! 4 5 4 7 3 2 25 6
9.8) (6.3) (5.00:(10.4) (5.1) 5.7 5.1 (75.0)
Xq22 4 4 3 11 3
(5.0) (6:0) (8.6) (2.2) (37.5)
17¢ 213
(43.1)

Table 5 Unique and common fragile sites due to CCNU and caffeine.

treatment

Unique to CCNU
common to CCNU-and
caffeine

unique to caffeine

sites :
1p34,2p15,2p23,3p13,3p23,4923,5q21.2,9912,12¢22, 13¢21.2,13g31
3q26.2,4q31.3, Xp22

1p31, 1923, 3p14, 2432, 3q13, 5431, 6p23, 6915, 6426, 7q32,11q14,

‘11921, 16923, Xq22

¥ Genet' Mol Biol
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the detected 17 fragile sites, band 3pl4 were
present-in atl of the eight persons and showed
20.2% of the total breaks. It had been known to
be the most common fragile site{31]. The
Xp22, 3926:2, 7932, Xq22, 4q27,and-11ql4
sites expressed ata frequency more than'1 % of
rtotal breaks-and in more than one individual.
Fragile sites that were unique or common to
CCNU andcaffeine were listed in Table 5. Of
the total 30 sites, the 3q26.2,4¢31:3, and Xp22.3
are.commonly present in CCNU and caffeine
treatmerts( Table 5).

DISCUSSION

Recently, a large number of fragile sites
have beenrecognized on human chromosomes.
Culturing cells in'medium_ containinglow
concentration of folic acid or thymidine is one
way to induce the expression of certain fragile
sites[1,9,32]. Fragilesites are alsoiinducible by
diverse agents such as distamycin A [14,28}],
bromodeoxyuridine '[33,34], methotrexate
{1,42], busulfan[42], fluorodeoxyuridine
{25,36], S-azacytidine[34,37]; aphidicolin
{4,10,11,25,42], and daunomycin[21]. Besides,
diverse mutagens which act through different
molecular mechanisms are able to induce many
similar fragile sites[5,9,41,42].

CCNU{lomustine; 1-( 2-chroloethyl)-3-
cyclohexyl-l-nitrosourea, a nitrosourea, is able
to alkylate with DNA to destroy the neoplastic
cells. An unsual feature of this agent is its lipid
solubility and its-ability to penetrate the blood-
brain barrier[2,40]. 1t is effective in treatment
of human brain tumors and bronchial tumors as
well as in Hodgkin’s disease[7,27,30,37].
CCNUhasexhibited a potenteffectininduction
of sister chromatid exchanges in human
lymphocytes[3]. The present study is aimed to
study the frequency and distribution of CCNU-
induced chromosomal breakage.

Our results show that under the
experimental conditions used, there is a
significantly higher frequency (p < 0.005) of
chromosomal breakage in  CCNU=-treated
metaphases than 'in controls - (Tablel).
Moreover, there are no any other chromosomal
structural aberrations in“the observed CCNU

i
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metaphases except forbreaks. Large quantities
of chromosomal abnormalities; such as
translocations; inter- andintra-chromosomal
exchanges and ring chromosomes, have been
found in cells which were exposed to
daunomycin-or busulfan{21,42}. Since agents
thatinduce fragile sites may also produce a high
number of randombreaks, a frequency of 4% or
more of total breaks of one individual is used as
ameans of delineating fragile sites from random
breakage[25]. Basedonthiscriteria; thereexist
14 CCNU-inducible fragile sites in cultured
human lymphocytes (Table 2).

Among these CCNU-sensitive sites, band
9ql2 is the most frequently present one- It
accounts for 17% of the total breaks and is seen
in all of the eight individuals. The breakpoint
9q12 has also been shown as an 5-azacytidine-
and mitomycin C-inducible fragile sites[13,29].
On human chromosomes, the 9q12 site is a
constitutive heterochromatin region which
consists. of simple sequence repeated’ DNA
{22,23,24].  The constitutive heterochromatin
contains no Medelian genes and is never
transcribed [16], and so far none of definite
function-of it has been established. Site 3q26.2
constituted: 2.6% of the- total breaks, is the
second most frequentfragile sitesand is present
in 50% of the eight subjects. Some: acute
nonlymphocytic leukemia and myelodysplastic
syndrome cells have chromosomal aberrations
with breakpoint at 3q26 [24]. Site 5q2lis also
an aphidicolin-inducible fragile site [4,42] The
13q2l.2band is sensitive tobromodeoxyuridine,
busulfan, " aphidicolin and
fluorodeoxyuridine[33,42]. The Wilms tumor
and retinoblastoma: cells usually have the
chromosome complementof del 13q(13.2-21.2)
with a breakpoint at 13q21.2[24,42]. = Many
ovarian cancer cells possess the 3pi3
breakpoint[42]. Smalf cell lung cancer shows
frequent presence of a deletion in. 3p (14-23)
with a break site of 3p23[24,39,42]. - All of
these 14 CCNU-induced fragile sites account
for 33.6% of the total breaks ( Table 2).

In consideration of possible mechanisms
of the expression of fragile sites, we used
caffeineto detect whether the presence of fragile
site is due to preferential breakage in these
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points or to the results of differential repair of
DNAdamage. Caffeine, by inhibiting the DNA
repair capacity of replicating cells, is generally
used as:a mutagenic enhancer[6,17,42]. As
showninTable 1, the frequency of chromosomal
breakage in CCNU+Caffeine-treated cells is
noticeably higher than -in. CCNU. alone.
However, although the frequency of breakage
is-highly induced by combination of CCNU
with ' caffeine, caffeine itself: does not show
potent effect in induction of the 14 CCNU-
sensitive sites (Table2, Table 3). This can be
interpretedas most of the CCNU-induced break
sites are repaired during the 6 h of incubation
after the two washings, and the observed fragile
sites are the results of impairment of damaged
DNA. With the increase of breakage showing
in othersites, the ratio of such above mentioned
14 CCNU fragile sites decreases.

Exposureof cells to caffeine alone produces
several fragile sites'(Table 4 ). Sites 3pl4 and
Xp22 are the most common two. of caffeine-
inducible fragile sites[25].. Table 5 shows the
unique and common sites sensitive to:CCNU
and caffeine. The common sites of these two
agents-are 3q26.2, 4q31.3 and Xp22:. On the
other hand, sites 5p 1 4 and 12q-1 3 are only
induced under combination of CCNU. and
caffeine. This indicates: that the.expression of
such sites is.due to reduced repair ability.

At present, many similar fragile sites are
foundto be induced by diverse agents which act
through different mutagenic mechanisms
{5,10,25,41,42}. The -similarity of induced
fragile sites by different compounds suggests
that these tegions on chromosomes. play the
general targets during mutagenesis. Besides,
many. types of neoplastic cells are known to
have specific structural chromosome defects,
primarily involving a reciprocal translocation
with two breakpoints[24].. Furthermore, the
majority -of these cancer chromosome
aberrations share breakpoints with' those
mutagen-inducible fragile sites[38,41,42]. The
consistence of mutagen-sensitive sites with
certain ‘cancer chromosome breakpoints
implicates that there is a. possible causal
relationshipbetweenthe two[l'1,13,18,41,42].
Since a chromosome band may contain 1,000

or more kilo base pairs, the genes may not
necessarilly be within the position of observed
cytogenetic breakpoints. However, itis possible
thatthese fragile sites on chromosomes provide
the regions for chromosome and gene
rearrangements during the malignant process:
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