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Abstract

Background DNA topoisomerases are essential enzymes present in all organisms. They modify DNA topology in
connection with a number of nuclear processes, such as replication, transcription, chromatin remodeling, chromatin
condensation/decondensation, recombination and repair. In the strand-breakage reaction by a DNA topoisomerase, a
tyrosyl oxygen of the enzyme attacks a DNA phosphorus, forming a covalent phosphotyrosine link and breaking a DNA
phosphodiester bond at the same time. DNA topoisomerases have been shown to be the molecular targets of many
antimicrobial and anticancer agents. Among topoisomerase-targeting drugs in clinical use at present, most act by
trapping the covalent DNA-enzyme intermediates to convert a normal cellular enzyme to a DNA damaging agent. This
studies were designed to elucidate whether pretreatment of HL-60 human leukemia cells with the topoisomerase I -
directed drug doxorubicin would increase the expression of topoisomerases and to investigate the activity of
topoisomerase mediated by doxorubicin in nuclear extract from HL-60 human leukemia cells. Methods We have
conducted experiments on topoisomerase assay using gel electrophoresis, pUC-X I cloning, DNA sequencing, cell
cytotoxicity in drug-treated cells, topoisomerase purification, quantitative RT-PCR analysis, northern blotting
techniques, respectively. Results Doxorubicin inhibited the relaxation activity of topoisomerase in pUC19 DNA at
various concentrations (0.4 - 50 #M), while it enhanced the cleavage of topoisomerase in the pUC-X I by forming
a cleavable complex at 0.4-2 #M. The levels of the topoisomerase [l mRNA from RT-PCR analysis and northern
blot were increased in HL-60 cells treated with doxorubicin, whereas the expression of topoisomerase I and II 8 mRNA
from RT-PCR analysis remained no significant change. Conclusion Our resuits suggest that overexpression of
topoisomerase IIe¢ mRNA by topoisomerase II-directed drug treatment is due to stabilizing drug-enzyme-DNA
"cleavable complex”. ‘
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Doxorubicin®] HL-60 A}& ¥ &® A T topoisomerase & A7 o)) nx= F&

2M gAY 24 g4 Aol sl @dHeE o
Z840) ¥a F7HET I Exzk] 2AE dE
9] bacterial gyrase A& A 2A{ novobiocin, coumer-
mycin Al, nalidixic acid =22] 2 oxolinic acid o] A7,
topoisomerase  [9]  AAZE  1960d ] F=9
Camprotheca acuminata®}e V7oAl 23 campto-
thecin (CPT)®] 39t BAo] 434" &A irinotecan,
topotecan 52] camptothecin 54| 2 o] &3 t}oF3t A
A o) L YA 8o B A7t EesiA 2
B et B3 eukaryotic DNA topoisomerase 11 A
;A Z=  mAMSA,

idarubicin,  daunorubicin,

doxorubicin, actinomycin D,

mitoxantrone,  ellipticine,
epipodophyllotoxin A8 2] VP-163} VM-26, genisteing
o] it} o] topoisomerase AAAE2] 2o 93
DNA &4, AL Azxga FARRE FA A 9832 )
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merase [19] A #|¢] doxorubicing FoJ 3+ Aler i
HL-60 AEZZ5E topoisomerase®] A3} @& ol )
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Doxorubicin, ATP, Tris-HCl, formamide, dithiothreitol
Sigma 3] A2 FE,
albumin(BSA)-2 Pharmacia LKBAF A, 7 -“P-ATP, «
-“P- dCTP, restriction enzyme, Hyperfilm-MP, Hybond
N"9} rediprime labeling kit AmershamA} A|ZL-
agarose, fetal bovine serum, gentamicin® RPMI 1640
Gibco-BRLAF A, NuSieve GTG agaroses= FMCA}Fo|A]

2} proteinase K= bovine serum

T4+t Eukaryotic DNA®} plasmid DNAS] A&
kit= Promegaol| 4], total RNAX A& kit Tel-TestA}ol|
], DNA primer®} Tag DNA polymerase= Bioneer A&
£, RNase A, pUC193} HB10141 & USBAFI A, HL-60
A EE KCTCHAA 4 ok 2 99) AuHAQd A%

& $H82 Aga

2. Type 1I topoisomerase 9] o] A =AY

Type 1 topoisomerase®] ©|¢H(relaxation) &AL
Minford $'7¢) Wlo 2 =5l om i B4
37 CollA 308 400 nge] DNAE 2HA3] relaxA
349 UL | unit® ASSE

E

3. pUC-X 1 DNAS Ax

pUC-X I DNA Az 342 HBIOIA ZZHE DNA
ALl DNAS AASL X-1 sense
primer$} X-2 antisense primer (3% 1 2F%), polymerase
chain reaction (PCR) premix-top (Bioneer AHDS A&}
o PCR2 /“/\]6}9\5{1:}’ vhgo = 1 YAl 95T 5
B2 AAAI71Z, 51T 182
pdy %‘A]?h 2 dAAME 95T 18, 51C 18, 7
C1E 4 A% 603] WAL 3 GAl= 95C 1&, 5
1T 1%, 72T 1087F AAste] 459 bpe) DNA AHL
gHd st PCR 2HE3 pUC19 DNAS bz} EcoR 1 3
Hind IZ 2] %+ & phenol/chioroform© 2 tHifzl S )
A3} ethanol 2 A A A z+z}e] DNAE 343813, 3
433 DNAZ Sambrooks o] W] whe} vectors) 4t
Het, FEAEE A= F A=2F plasmid(pUC-X D
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—
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4. DNA 71442 34
THEE S pUC-X 1 DNAE X-1 sense primerE AMHR-
sted g 7] A B4 A (ABI model 3700)E o] &

st} A7) ML A

5. Type 1 ®4-2] DNA cleavage 84 =44

5" Eoll “P7} A9 pUC-X 1 DNA HHE 7] 943}
o] pUC-X 1 DNAE Eco R[22 22} SambrookS'2)
Lol vt -] YPE XS ¥ Hind 12 ET
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3o] agarose gel A7)9E3}3L lineardt 459 bpS) DNA
AEE A7 82 WeR 348t Topoisomerase
o ol EABRE Lol olek BA ZHW 2L Wby
o2 BANEHOH, 1.2 % agarose gel A7 FFoNA 2
Viem®) £%2 15A17F < AR 3 autoradio-
graphy 3} .

6. Cell cytotoxicity 3%

10% fetal bovine serum®] & RPMI 1640 ®iX] S
A3l 2 x 10° cell/ml®] FEE 34 wiA] 10 miof
doxorubicing =% 7}k cell doubling time(28A]
7hEot v et 9A¥2l ¥ phosphate buffered saline
02 N3 5621 7Ktwo doubling time) ¢t A wj x| o wj
&5l & ALY W¥H HL-60 Ml E 42 hemocytometer 2

stelarar).

7. RT-PCRY ) 9}t topoisomerase2] mRNA & 2
Total RNA purification kitE AR&-3led doxorubicing
Fo1 8 HL-60M X2 H-E A A3 toral RNAZ Sambrook
5o} W) me} cDNAS F48kaT 28X cDNA
A v & SEEL AL Ao 2L SaikiE”
3 Wang%'¥9] Wgol wghon, thest o] Wongs
72} primer-dropping & ol-&3te] wSAITh $4
cDNAS$} topoisomerase [ e, U4 primer 12(X 1| %)
£ Ztzte] PCRE 943l H7ksle PCR W3S 7
cycle 2133+ & B-actin primer 1ZE F7}8t 17 cycle
QYA ZAh PCR ¥He-25= 1 GAE 95Tl 523
WA, 57CHA 187F annealingdt %, 72°C 127+
FTHAFL, 2 BAM = 95T 13, 57C 18, 2T 12
A topoisomerase= 23 cycle, B-actin® 17 cycle® wh&-
A7V F 2% NuSieve GTG agarase gelAbol| 4V/em= A7)
P E3}o topoisomerase®] mRNAS-S ¥l BA31g T}

8. Northern blot hybridizationl 93+ -3 2@ 14

HL-604] EoA4]  doxorubicin  Foll 2l&]  topoiso-
merase o F27] T&o] o]FA 2dHEA As}
7] $18ted Sambrook5'“¢] ¥goll wet northern blot
hybridization & autoradiography &F3th. Hybridization®f|

3 8 3} probe= topoisomerase 1 ¢ primer 1Z(F 1 ZX)

& AMESle] HL-60AM| oA A A3 genomic DNAE 7]
A7 3o topoisomerase e FAA AHL pUC-X |
DNA Az #7335} 22 27904 PCRYLSE A3 &
Rediprime labeling kit (Amersham Co.)& ARg3ted «
—P-dCTPS ®AAA probe@ AHE-31 T

Table 1. The sequences of primer pair used

name é)ertimer ?fggfglc)es grzce)duct
X-1 sense GTGAATTCATGCGGCTCT 45%p
-2 antisense  TAAAGCTTCGTGGATGCG
Topo 1 sense AAGCAGAGGAAGTAGCTACG 206bp
antisense GCTCATCTGTTTCCGAGCTT
Topo Nl sense AGTCGCTTTCAGGGTTCTTGAG 75bp
antisense  TTTCATTTACAGGCTGCAATGG

Topo 18 sense GIGGGAATGTTGGGAGCA 108bp
antisense  CAAATCTTTCTTTGACCTATTCTCTATAGTA

B-actin sense  GTGGGGCGCCCCAGGCACCAGGGC 540bp
antisense  CTCCTTAATGTCACGCACGATTTC

Fig. 1. Effect of doxorubicin on the relaxation activity of
type II topoisomerase

The relaxation activity was analyzed by the agarose gel assay described
in "Materials and Methods", The gel mobilities for the different DNA
forms are indicated for each gel, where form S is supercoiled, form R
is relaxed circular, form L is linear DNA. Each lane was used 500 ng
of pUC19 DNA. Lane 1; pUCI9 DNA only, lane 2; lane 1 + type
1l topoisoerase (80 ng), lane 34,56 ; lane 2 + 04, 2, 10, SO uM
doxorubicin, respectively, lane 7 ; pUCI19/Hind 111
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51
101
151
201
251
301
351
401

451
501
551
601
651
701
751
801
851
901

GCTCGTTATC
TCGGCACGCC
GTGACTTTGC
ATCTGCCACA
TATGTCGCGC
CAATCAACAA
GCTTACGGTA
CGTCGGTAAT
TCTTTCATGC

GAGCTGTTTG
AAAGTTATCC
GTTCGATATC
TGGCCATACA
ACCACCGCCG
GATCATTGGC
CAGTTACCGC
GACGTCCTGA
GCAGAGACGA

cloned DNA
TCGATNCCCG
ACCGGCAGCT
GAGAATAGCA
GATGGCCCAT
GAAGCGGCCT
GAATAAACCA
CAACAAAAGT
TTGACGGGGT
TGCTGCGTCA

GNAATTAGGC

TACCCGCCAG

CACCGCTACG GGTTAAGGTT

GAGGACGGGG
CTGGGTTAAT
GGTAGGTTGC
CCCAACGACA

TCGCGAGTTC
AACTCACGCA
AGCGGACACC
TCAACATCAG

CCTGATGCCA TTATTTAATC

CAAGAATGAT
ATCCAGTAAC

GATGGCGTCA
CTTGCCATCC

GCATCCACGA

ATTGTTATCC
TGTAAAGCCT
GCGCTCACTG
AATGAATCGG
TCCGCTTCCT
AGCGGTATCA
GGGATAACGC
AACCGTAAAA
GACNAGCATT

AGCTTGGCGT
GCTCACAATT
GGGGTGCCTA
CCCGCTTTCC
CCAACGCGCG
CGCTCACTGA
GCTCACTCAA
AGGAAAGAAC
ANGGCCGCGT
N

AATCATGGTC
CCACACAACA
ATGAGTGAGC
AGTCGGGAAA
GGGAGAGGCG
CTCGCTGCGC
AGGCGGTAAT

ATAGCTGTTT

CCTGTGTGAA

50
100
150
200
250
300
350
400
450
500

TACGAGCCGG AAGCATAAAG 550
TAACTCACAT TAATTGCGTT 600

CCTGTCGTGC
GTTTGCGTAT
TCGGTCGTTC
ACNGGTATCC

CAGCTGCATT
TGGGCGCTCT
GGCTGCGGCG
ACAGAATCAG

650
700
750
800

ATGTGAGCNA AAGGNCAGCA AAAGGNCAGG 850
TGCTGGCGTT TTTCATAGGC TCCGCCCCCT 900

Fig. 2. Partial nucleotide sequence of the pUC-X I
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@l A& 459 bpe] DNA HH | topoisomerased] =
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Hol| 0= FFe #olslr] Y5t doxorubicin o
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Fig. 3. Effect of doxorubicin on type II topoisomerase
-mediated DNA cleavage

The dea\}age activity was ‘analyzed by the agarose gel assay
described in "Materials and Methods". Lane 1; pUC-X I/EcoR
LHind 1II fragment, lane 2; lane 1 + type 1l topoisomerase (80
ng), lane 3-4; lane 2 + 04 uM or 2 uM of doxorubicin

Cell viability(%)

|
0 5 16 25 50 100 200 400
| Doxorubicin(nM
-

Fig. 4. The growth effects of various concentrations of
doxorubicin on HL-60 cell lines

Cells were suspended in RPMI 1640 medium at a level of 2 x 104
cells/ml . They were treated 2 days later with increasing concentrations
of doxorubicin for one cell doubling time(28 hr). After washing with
phosphate buffered saline, the cells were further grown for two
doubling times(56 hr) in normal medium, counted in a hemocytometer.

3 Bk

\_‘:Hi}'i’- 9]1]":“‘_'1 HE

2 A19Y 1%, 2004

Each point are representatives of six independent experiments; points
given represents the mean, bars show + SD

4. Doxorubicing Foj g HL-60 Al 3] A ¥ 9
topoisomerase @ ol v {3 J

ATP o - -
Doxorubicin(nM) 0 5 0 50
2 3

Fig. 5. Topoisomerase activity of nuclear extract from HL-60

cells treated with doxorubicin

Lane 1; pUC19 DNA(400 ng) only, lane 2; lane 1 + topo II reaction
buffer(with 1mM ATP)+nuclear extract, lane 3; Ilane 1 + topo I
reaction buffer(with 1 mM ATP) + nuclear extract(treated with 50
nM doxorubicin), lane 4; lane 1+topo I reaction buffer(without ATP)
+ nuclear extract, Jane 5; lane 1 + topoI reaction buffer(without
ATP)+ nuclear extract(treated with 50 nM doxorubicin).

Extraction of nuclear extract was performed as described in Materials
and Methods”. After 30 min incubation at 37 C, the reaction mixture
was subjected to 0.8% agarose gel electrophoresis followed by Et-Br

staining.

23 494 doxorubicing 50 nM FJ3tF-& o} oF 50
%] ST E YR =d o) 22 2714 HL-60
HE & 22829 ATP &3] g2 u}E topoisomerase
4L FEL FA3R &2 279 vRIAtHa
¥ 5). Lane 29} 32 ¥kg ol ATPE 7+ 73-9-0]
o2 M9 type |, II topoisomerase A4S VERNH,
lane 4%} 5= ATPE A|#]Al7) 7}&H) type 1 topoiso-
merased] BA4& Z4 3 Aot Doxorubicing F4
5 739 type 19 ¥}&) type II topoisomerase &4~ T4 o]
AA s AL FAEHTh
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Doxorubicin®] HL-60 A& 213d

5. Doxorubicin®] topoisomerase §-Fz}e] W& of n)

Aes Y
Doxorubicing HL-60A] £l ¥ A] topoisomerase E
A ALY g8l of9A YIS vA=A =
Ar&t7) sk} 343 RT-PCR 7192
mRNA FEE Hlw 243 Z23K2¢ 6) doxorubicin®)
=T Z7}o] W} topoisomerase [, T, 152 mRNA &
o & Zo] Fe FEEA ¢3ker} topoisomerase 11
a9 W& gz vls) o7k FUtele A 3g VER
At} webA doxorubicing Fo8F M2} HFERILE B
E] total RNAE £2]38}a 7] 5 3}3L nylon membrane
o £7) £ PCR 7o = 43 topoisomerase 1 a
DNA dHE ¢ “P-dCTP= EAAIA probe 2 AFE-3ha],
hybndxz 3}93% o) RT-PCR 7oA ¢ ZAxte} vissh
Z-o| Z7} we} topoisomerase La F A}

= %
el BoAE AE BT 4 ARKE 7,

AR AA

2 topoisomerase

03

ﬁ

topoisomerase [

topoisomerase Il a

topoisomerase Il 8

B —actin

Fig. 6. Quantitation of the topoisomerase mRNA by RT-PCR
in HL-60 cells treated with doxorubicin

The mRNA is exwacted from the cells using mRNA  isolation it.
Determination of mRNA expression by polvmerase chain reactions by
the primer-dropping method described in "Materials and Methods'".
Lane 1 control, lane 2,3: effects on topoisomerase expression of

treatment with 10 nM, 30 nM doxorubicin, respectively

topoisomerase II

285

Fig. 7. Northern blot analysis of topoisomerase Il @ RNA in

B A ZU topoisomerase & &3} YH| v]A= Gk

HL-60 cells treated with doxorubicin

20 ug of total RNAs were electrcphoresed in denaturing agarose gel,
transfer to nitrocellulose membrane, hybridized to 32P-labeled probe.
Northern blot analysis was performed as described in "Materials and
Methods”. Lane 1; control RNA, lane 2; doxorubicin(10 nM), lane 3;

doxorubicin(30 nM)
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