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Abstract

Camptothecin (CPT) 1s an antitumor alkaloid that has been 1solated from the Chinese tree, Camplotheca actiminata.
The cytotoxicity of CPT has been correlated to its inhibition of DNA topoisomerase {Topo) [ by stabilizing
drug-enzyme-DNA “cleavable complex” resulting in DNA single-strand breaks and DNA-protein crosslinks. This studies
were designed to elucidate whether CPT regulates Topo 1 and c-myc gene expression in HI-60 human leukemia cells
and to investigate the activity of Topo I mediated by CPT in DNAs containing c-myc protooncogene. We have
conducted experiments on Topo 1 purification, pUC-MYC I cloning and Topo I assay using electrophoresis, quantitative
RT-PCR and Northern blotting techniques. CPT inhibited the relaxation activity of Topo [ in pUCIS DNA at various
concentrations (1-1000 x M), while it enhanced the cleavage of Topo I in the pUC-MYC 1 by forming a cleavable
complex at relatively high concentrations (100-1000 £M). In HL-60 cells treated with CPT, the expression of c-myc
gene was decreased over that in the control group with no changes in the expression of Topo I mRNA.

Our results suggest that Topo I is the target of CPT cytotoxicity but it does not affect Topo I expression, and the

suppression of c-myc mRNA expression by CPT is due to c-myc damage resulted from formation of a cleavable
cornplex with CPT,
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Table 1. The sequences of primer pair used in this study

Ak o W=

CPT& AldrichA}ef A, Sephacryl 5-400, phenylmethane-
sulfonylfiuoride (PMSF), Tris-HCl, formamide, dithioth-
reitol®} proteinase K& Sigma#|Al2 2E], DEAE-TrisAcryl,
bovine serum albuming Pharmacia TKBA})A], o -D-
dCTP, restriction enzyme, Hyperfilm-MP, Hybond N+£}
Rediprime labeling kite= AmershamAl #|%-2, agarose,
fetal bovine serum, gentamlanl—} RPMI 16402 Gibco-
BRLAFAl A 318} E). eukaryotic DNAQ} plasmid DNA
¢ AL kits Promegadl M, total RNAR A4 kite} Taq
DNA polymeraser= Bioneer (KOREA) AEE, pUCI9E
USBA}o| 4, pHSRIE ad4|lchel A Alausrc}. HL604]
E= KCTC (KOREA)e| A, K862 A|E= ATCCHA] £
wgron, 7 9o duhAQ Ajeke BR8-S FYske] A

&ttt

pUC-MYC | DNAZ] M=

pUCMYC T DNAE HL-604 32255 Eukaryotic DNA
isolation kitZ AFE&le] DNAS
sense primer (Table 1)2} polymerase chain reaction (PCR)
premix-top (Bioneer ANE Al4sie] PCRES A5
HheR2 e 1 B 95Tl 533 9i4A17)51, 51T
A 1E7E annealing® F, 72T 187 84712, 2 24
A= 95T T8, 51T 18, 720 134 9% 603) a2
7D IGAE BT 18, 517 13, 727 1087 A5
c-myc exon 1¢] EEH 966bpe| DNA 2HE G550

AABL cmye exon 1

name primer set sequences (5'—3) product size
c-myc sense GIGAATTCATGCGGCTCT %65 bp
(exon 1) antisense CCAAGCTTGACAAGTCAC
¢-myc sense AAGAGGCGAACACACAACGT 218 bp
{exon 2) antisense AACTGTTCTCGTCGTTTCCG
topo I sense AAGCAGAGGAAGTAGCTACG 206 bp
antisense GCTCATCTGTTTCCGAGCTT
# -actin sense GTGGCECCCCTCAGGCACCAGGEC 540 bp
antisense CTCCTTAATGICACGCACGATTTC

622 / 4R



HE-60 Abgh W ML o] A camptothecine] DNA topeisomerase [3 cmyc?] $ 84 nj3 e 9%

o] DNA% pUCI9 DNAE 717} EcoRIs} HindllIE 2424
DNA ligaseZ pUCI9 DNAY] 34 DNA ARG 4
ghed E pUC-MYC | DNAE(Fig 1) Sambrook5{15]
uhga) whet HR101 ) %o Wo} ZZ A A plasmid DNA
A Kitg A8 AAY F e A3 AHaEsich

S e O

ol

K-5662 AEolM Topo 12 EH)

10% fetal bovine serume] TH-3 RPMI 16408 A 2 A}
Fate] MTP A BH WY K362 (ATCC CCL23)
AEE Minford5[12]2] WHoZ o FHES
40%-80%<] ammonium sulfated A}&ae] 28l A HA)

I 8x dialysiszle] @l #4 nuclens FE o

de &

H¥ A7) T Sephacryl 5400 column chromatography$}
DEAE- trisacryl column chromatography, glycerol gra-
diemd cenfrifugationdle] §AE AAGHE.on, Topo 12
o] & (relaxation) Z-4-& 30 pg/mle] bovine serum albu-
mine| T¢HE g ¢ (50 mM Tris-HCL: pH7.5, 100
mM KCl, 10 mM MgCls, 0.5 mM dithiothreitol, 0.5 mM
EGTA) 20419 400 nge! pUC19 DNAe} A4S K-562
Topo I -84} (= &4 BES 241 Y2 37TA 30&
T WHgAZTh o) §rgde] Sple] 5% SDS, 25% Ficoll
40054 0.25 mg bromophenol blue/mle] EFN-& Wel v
+& AAAMF o, 9-g4 -2 TBE buffer (90 mM Tris
borate, pH 83, 25 mM EDTA)E H/8mZ &2 08%
agarose gely AMEald 4 Viemz H7|9E5& HA8hd

F25}ge.

0 '|r
FcoRI 20004
(2111) I Exen 1
Hindizl 40004
(3075) [Exon 2
6000+
I Exon 3
&ooo 4

Human c—-myc

Fig. 1. Construction of a recombinant c-mye vector,
pUC-MYC L
c-myc DNA was nserted into nulticloning, site (EcoRi-
Hmd ) of pUCIY plasmid.
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Fig. 2. Identification of pUC-MYC I DNA.
The experiments were performed as described in
“Materials and Methods”. Lane 1: pUC-MYC T plasmid
DINA, lane 2: lane 3 with FcoRl and Hind [T treatment,
lane 3: pUUC1Y DNA with EcoRi treatment, lane 4: PCR
product {c-myc frome HL-60), lane 5: PCR product (c-
mye from pHSRI), lane 6 1kb DNA ladder
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Fig. 3. Etfect of CP'T on the relaxation activity of Topo L
The relaxalton activity was analyzed by the agarose gel
assay desaribed wn “Materials and Methods”, The gel
mohilities for the different DNA forms are indicated
for each gel, where form 5 1s supercoiled, form R is
relaxed circular, form N is nicked circles, Fach lane
was used 500ng of pUCLY DNA. Lane 1- pUC19 DNA
only, lane 2: lane 1+Topo 1 {80 ng), lane 3, 4, 5, 6: lane
2110100100 M CPT, respectively

idium bromide7} T =] 314 22 gel (A)F ethidium
bromude7} £6150F gel (B) Mgl A7jds ke =
ApstlEd CPTE] FH5(1, 10, 100, 1000 £Mye] e} of
Ehrelaxation) 4] HHIE]TAP—E%(SA} ol CPTef ]3]
Hth(nick)e]l del@g HoF 4 ¢urk3B). =& T
pUC—MYC [ DNAE HindlIZ Zd3 DNA 231S 7|12
AEE Topo 18] Atro] CPTS 24 B2 BAY
Hibz Fig 49 b A4k Fol 2t SDS2 pro-
teinase K& A &]5l2 nuclease 51 ¥H2-9Z nick¥ DNA
& Al WII5E YAt S T =0
10,100,1000 g M)of w2l Topo T ¢ FJ, A
= 57};\]%\1:}(4A). wess gHE E]E}(l /_,]J_O_ sense
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= CPTY 28] DNA cleavable complexS

7k FEletA el ThdB).

i =
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lane 24 ATPE #7187 lane 57¢ ATPE w7 o
1 9AlA A7) dBE A, lane 57 ATP #74814

52 s

™

Fig, 4. Compairson of linear pUC-MYC I DNA cleavage
patternt induced by CPT.
In parel 4, Topo | mediated DNA cleavage assay in
combination with 51 nuclease digestion was done under
the conditions. Lane 1: pUC-MYC I/ Hind /T alone, lane
2. lane 1+Topo I1/51 nuclease, lane 3-6: lane 241,10,
1001000 M CPT, respectively. They were analyzed by
1.2% agarose gel elecirophoresis followed by Br-Br staining,
In panel B, analysis of CPTinduced cleavage sites
aligned by PCR reactions (60 cycle) using the specific
gense primer after Tope [/proteinase K reaction. Lane
1: DNA ladder marker, lane 2: PCR product for pliC-
MYC I/ Hmd [+ Topo 1/ proteinase K reaction, lane 3-5:
PCR product of pUCMYC/Hind I+Topo 1+CPT (10,
100,1000 M, respectively) proteinase K reaction.
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v B3 A Fig. 7), Topo I mRNAL] wéo|& wlg
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Fig. 5. Topo activity of nuclear extract from HL-6D cells
treated with CPT.
Lave 1; pUCI9 ONA (400 ng) only, lane 2: lane 1+-topo
I reaction buffer (with 1 mM ATP)tnuclear extract,
lane 3, 4 lane 2+0.05, 04 M CPT, respectively, lane 5:
lane 1+tope I reaction buffer (without ATP), lane 6, 7
lane 5-+0.05, 04 xM CPT, respectively. Extraction of
nuclear extract was performed as described in “Materials
and Methods”. After 30 min incubation at 37T, the
reaction mixture was subjected {o 0.8% agarose gel
clectrophoresis followed by Et-Br staining,

standard Nyclear
CPT(D, Lulf) buffer

Nuclear extract(CPT)
OuM 0050  0.4uM

intensity

wave length{nm)

Fig. 6. Fluorescence emission spectra of nuclear extract
from HL-60 cells treated with CPT,
The position of the excitation is 370 nm. The exper-

iments were performed as described in “Materials and
Methods”.

hybridizegt 7%, Topo I FA42] ddde G229 &

626 / 4=37}3}3)A]

Gene expression c-myc M Topol
CPET{ubd} 00204 IS 0.2 0.4

1 234567

Fig. 7. Quantitation of the c-myc and Topo I mRNA by
RT-PCR in HL-60 cells breated with CPT.
The mRNA 15 extracted from the cells using mRNA
isolaion kit Determination of mRMNA expression by
polymerase chamn reactions by the primer-dropping
method described 1 “Materials and Methods”. Ethidium
bromide staining of PCR products separated in 1.2%
agarose gel. Lane L. control, lane 2,3: effects on c-myc
expression of treatment with 0.2 pM, 04 oM CPT,
respectively, lane 4 DNA ladder MW marker, lane 5
control, lane 67 effects on Tope 1 expression of
treatment with 0.2 xM, 04 ¢ M CPT, respectively.

of Agle) Ygstg et ¥, cmye FHA T =
CPTH §< med} T4 @S HERl A rkFig. 8).

Topa 1

comyc

Fig. 8. Northern blot analysis of Topo | and c-myc RNA
in HL-60 cells treated with CPT.
20 pg of total RNAs were electrophoresed in denaturing
agarose gel, transfer to nitrocellulose mentbrane, hybridized
to “Plabeled probe. Northern blot analysis was per-
formed as described in “Materials and Methods”, Lane
1: control RNA, lane 2: CPT (0.1 z M, lane 3: CPT {0.2
£ M), lane 4: CPT (04 pM).
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