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Expression profile of topoisomerase, ras and myc genes in HL-60 cells
treated with camptothecin
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Abstract

Background DNA topoisomerases solve the topological problems associated with DNA replication, transcription,
recombination, and chromatin remodeling by introducing temporary single- or double-strand breaks in the DNA.
Camptothecin is an antitumor alkaloid that has been isolated from the Chinese tree, Camptotheca acuminata.. DNA
topoisomerase 1 has been firmly established as the molecular target of the camptothecin group of anticancer drugs.
These drugs include camptothecin, topotecan, 9-amino-camptothecin, and irinotecan. Many of them are now in clinical
trials and are showing activity against a wide variety of solid human malignancies. DNA chip microarray technology
can be used to establish associations between characteristic gene expression patterns and molecular responses to drug
therapy. This study was conducted to determine whether pretreatment of HL-60 human leukemia cells with the
topoisomerase 1 - directed drug camptothecin regulates topoisomerase, myc and ras gene expression and to investigate
the activity of topoisomerase mediated by camptothecin in nuclear extract from HL-60 human leukemia cells. Methods
We have conducted experiments on cell cytotoxicity in drug-treated cells, topoisomerase purification, enzyme assay
using agarose gel electrophoresis, quantitative RT-PCR analysis, northern blotting techniques and oligo chip microarray
analysis, respectively. Results Treatment of HL-60 cells with camptothecin resulted in marked inhibition of type I
topoisomerase activity and in suppression of c-myc gene from quantitative RT-PCR analysis and northern blotting
techniques. In contrast, no significant changes were observed in the topoisomerase I expression levels from RT-PCR
analysis. In HL-60 cells treated with camptothecin, the expression of ras and topoisomerase I 8 gene from oligo chip
microarray analysis were increased over, but the expression of ¢c-myc and topoisomerase Il @ gene were decreased over.
Conclusion Our results suggest that topoisomerase I is the target of camptothecin cytotoxicity but it does not affect
topoisomerase I(type IB) expression, and the suppression of myc and topoisomerase II¢ mRNA expression by
camptothecin is due to (1) a decrease in mRNA transcripts, and (2) an inhibition of cellular proliferation resuited from
formation of a cleavable complex with drug.
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2HI o} topoisomerase QANA Eo] A EW FA=}
g = G FslM = 2HH AEe AY

oj¢} 7+ AT viA o we} 2 dE A topoiso-
merase 12] A A camptothecin®] A EW  topoiso-
merase &4 43 FAA ¥, mycst ras & A2
$ye WXl 9&E RT-PCR, northern blotst
oligonucleotide microarray 7|HoE  #A18te]  camp-
tothecin®] A XU 287172 Wel7] 9% 7|2A8S

Y3 B A7E

TR

Az R 2H

LA R A=

Camptothecing AldrichAFll A, Triton X-100, pheny-
Imethanesulfonylfluoride(PMSF), Tris-HCl, formamide,
dithiothreitol @} proteinase K+ SigmaS]A}Z 5|, Ultrogel
A6%} bovine serum albuming Pharmacia LKBA}oIA,
agarose, fetal bovine serum, gentamicin®} RPMI 1640
Gibco-BRLAFI A, NuSieve GTG agarosex FMCA}eI A

A3tk Eukaryotic DNA$} plasmid DNAS] A&
kite Promegadll A, total RNAA A& kit= Tel-TestA}o]
2], DNA primer9} Taq DNA polymerase:= Bioneer A&
<, RNase A, pUC19%& USBAMIA, HL-60M X & KCTIC

of A BF Wk, 10k oligo chipa} #& kit A]FE-2 v}
iiz‘ﬂO]]/\i ‘;LO] Q}’/\)‘_U% v 9—].4 01\3}-2‘1?—] )\] 9_}:_9‘ {:’L‘

Mg AHgstar

2. Cell cytotoxicity &34

10% fetal bovine serume] T2 RPMI 1640 ¥iA|E
gk 2 x 10° cel/ml®) FEE 34 % wi=) 10 mlo)
camptothecing F =2 738t cell doubling time(284]
HEer Ae & QAR EHA phosphate buffered
saline© 2 o] camptothecin® A A, 56A17Hiwo
doubling time)E<r A} iAol wigFS F Al HEH

HL-60 AlX 4*E hemocytometer2 &7 s}$ith

3. HL-60 A} XA topoisomerase?] #2] 2 o] &
I

10 % fetal bovine serum®] E-+8 RPMI 1640812 &
AMg-ate] wfoFeh Al ¥ HL-60 Al £Z Minford &
Vo) gog o 2B UL F 40 % - 80 %9
ammonium sulfateS A}&3te] Bl A 7|5 S5
dialysissle] @A} A nuclews FEFARoZ HIPA|
% Ultrogel A-6 column chromatographyol] &3] &4 &
2.2 At} Topoisomerase?] o] relaxation) B/9-2
Minford 5%¢] ¥hg- Z719|4] 400 ng] pUCI9 DNAS}
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4. RT-PCR¥9| 93 c-myc3} topoisomerase 19)
mRNA B F
Total RNA purification kitS AF2-3}a] camprothecing
FJ 3 HL-60M L2 2E FA| S RNAS SambrookE”
©) A8 Wy el cDNAS TG 23854 A
ks Saikis'”e] whg z7AMAM WongE'9)
primer-dropping ®HE2 FHE&3}H[EY, = cDNA%
c-myc exen 2 B topoisomerase 1 primer 1Z2(F 1 %)
5 #7}psled PCRE 7 cvcle A13Y3F & S-actin primer 1
WE"WJE}. PCR ¥h-3-2 1 T4
95T M 55’—7& dA AT, STCAAM 187
annealing@t & 72T ILZ} g7 3, 2 DA = 9
5C 1%, 57C 18, 2C 18489202 c-mycd topoiso-
merases= 23 cycle, B-acting 17 cycle ¥H2A)17] & 2G
NuSieve GTG agarose geldtoll 4ViemZ 7] QEs}s]

c-myc3 topoisomerase 2] mRNAY-S ¥lw B23}gith

Table 1. The sequences of primer pair used

. sequences product
name primer set (53 ize
Topo I sense AAGCAGAGGAAGTAGCTACG 206bp

antisense  GCTCATCTGTTTCCGAGCTT

c-mve sense GTGAATTCATGCGGCTCT 965bp

(exon 1) antisense  CCAAGCTTGACAAGTCAC

c-myc sense AAGAGGCGAACACACAACGT 218bp

{exon 2) antisense  AACTGTTCTCGTCGTTTCCG

B-actin - sense GTGGGGCGCCCCAGGCACCAGGGC M0bp

antisense  CTCCTTAATGTCACGCACGATTTC

5. Northern blot hybridization®)] ]38t §AA} By B
A
2]

s

HL-60M 2ol A camprothecing S Aol c-mye §7
Zko] W] o]g ) 2™EE=A] B18lr] 5] AT
ZEE AAE otal RNAE Sambrook 2] Hhl o) what

northern hybridizationg 4 Al 5153t} Hybrizationol] 2 ¢

3} probe= c-myc exon 1 primer 1&(FE 1 ZF)E AH
sted  pUCI9®l  AbE cmyc 4872 cloning®
pUC-MYC I plasmid DNAE 7]d 2 38t c-myc exon 1
F22 AHES PCR o2 45tk ¥h8 212 1
QA= 95CalA 5B HAAAZL, 57TCAM 187
annealingdt 3, 72C 187 £8A)7)2, 2 GANME= 9
5C 18, 57C 1%, 2T 158 A 4% 303 vreAZ7 2
3TAIE 95C 18, 57C 18, 2T 1087 AXrso &
%3t 3 A7) 953t PCR A& A7) 85 wWye=
23193, ©]2 ¢-"P-dCTPE Rediprime labeling kit
(Amersham Co.)2 FA|AA probe® AH2-3tHTH

>

i)

6. Oligo chipol] 2]3} microarray hybridization
HL-60 MZE& &S A2k &2 control groups
camptothecin® #2}8F test group L ZRE 2}7} 1ol
RNAS #2]3 & 74zt Cy33} Cys EFELRE ZAA
& Oligo chipell ™% microarray hybridizationS 2 A
3}93\‘3}. FFEHT FEAY  microarray chipA9)
topoisomerase, myc L8] 1 ras FAAE L3 10K &
Az} zhzkol| i3} intensity S AffyvmatrixA}e] 428 Array
Scanner® ZA e BA T2 S A3l B3}

ATt

2 3

1. HL-60 AFZ W&y A 3E o4 camptothecinol] ) 3t
AXE 59 AR

oFof o3 AlEulel AT Y] F70l topoiso-
merase®} 47} c-myc¥} topoisomerase [ &A1 2} 23 o))
2= L A Yekd A camptothecin £
Al A Ze] Ao v]Ae L 2AIED. mP 2 X
10° AEE 10 m) vhFAL 233 05 e’ culture
flask®ll camptothecin- 0, 2.5, 3, 10, 23, 50. 100, 200 nM
£ 747 FalRA BAZ T B A ZolRa oAl
1

k2.
=

5

k)

S6A1 7Htwo doubling time) BHO¥3le] A E o) AL AT E

Bl st A2 ¥ 1) 2.5 nM2] camptothecing o3 3H4

2 ) 80 %, 4 nMe] A% 50 %o} 852 Jeh)tt
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Fig. 1. The growth effects of various concentrations of
camptothecin on HL-60 cell lines

Cells-were suspended in RPMI 1640 medium at a level of 2'x ~ * ° ATPE

104 cells/ml . They were treated 2 days later with- increasing
concentrations of camptothecin 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. Each point are
representatives of six independent experiments ; points given
represents the mean, bars show + SD

2. Camptothecin®] HL-60 A}
topoisomerase /| VX JF

myy AEe

ATP + + - -
Camptothecin(nM) 0 4 0 4

Fig. 2. Topoisomerase activity of nuclear extract from HL-60
cells treated with camptothecin(CPT)

e

2] A1948 135, 2004

Lane 1; pUC19 DNA(400 ng) only, lane 2; lane 1 + topo II
reaction buffer(with 1 mM ATP) + nuclear extract, lane 3;
lane 2 + 4 nM CPT, lane 4; lane 1 + topo I reaction buffer
(without ATP) + nuclear extract, lane 5; lane 4 + 4 nM CPT.
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 1914 camptothecing 2.5 nM3} 4 nM& £ 38}
A& o ztz} <k 80 %9} 50 %2 A{EE Y EH
4 nM9] ZZ9A HL-60ME 8 F2E2) ATP &4
Fof wWE topoisomerase TS FEL FoIIA] ¢
Pz v TR E 2). Lane 29} 3&
A 7F8k 73 Kolm:2 A X 2] -topoisomerase I, I &
A2 JERNT, lane 4%} 5% topoisomerase [9] AL &
A% A7 E), camprothecin £l 23} topoisomerase
19]. 24o] FA3] AAE& -FUsIA

RE-3-A)

3. Camptothecin®] topoisomerase 1 A A2} c-myc
F3A gd vjA= Y

Fig. 3. Quantitation of the c-myc and topoisomerase I mRNA
by RT-PCR in HL-60 cells treated with camptothecin(CPT)
The mRNA is extracted from the cells using mRNA isolation
kit. Determination of mRNA expression by polymerase chain
reactions by the primer-dropping method described in
"Materials and Methods". Lane I; control, lane 2, 3; effects on
c-myc expression of treatment ‘with 2 nM, 4 nM CFPT,
respectively

Camptothecing 2 nM# 4 nM< ZHz} HL-60A Xl &
o A] topoisomerase 12 A& FAAY c-mye FrEAA}
9] 2ol oD g3h=r] #ZE7] A8t RT-PCR
71 © 2 topoisomerase 13} c-myc mRNA FE& Hj%

O A=
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Camptothecing F3 3 HL-60 M TN A topoisomerase, ras, myc 422} L&

2438 A3}, topoisomerase | mRNAE 2F7F 718l S
1 c-myc mRNA 8- @33 A8 4de Yeriidt
(29 3). 28] 3 total RNAE E2Jdtd A7) 53 +
nylon®|ell &7 *PZ EA) & probeE AM&3}ed hybridize
3 & autoradlography Bt c-myc FAA H3HE& EQlst
AH N E camptothecin®] FX(0, 2, 4 nM)&] 7}l
w2t §A3) Aaste 848 YeEhATHZE 4).

32 38

-—

Fig. 4. Northern blot analysis of c-myc RNA in HL-60 cells
treated with camptothecin{CPT)

20 upg of wtal RNAs were electrophoresed in denaturing
agarose gel, transfer to nitrocellulose membrane, hybridized to
32P-labeled probe. Northern blot analysis was performed as
de:cribed in "Marterials and Methods”. Lane 1; control RNA,
lane 2 CPT(2 nM}, lane 3; CPT(4 nM)

4. HL-60 A+ 8w A Ao A camptothecinol] 2] 3+
AE FHA 2H 3

FEG FAEA % A HL-60 MEs} 4 nM—4
camptothecing T8 M Z o2 Z+7} toral RNAE
8l3 RT-PCR3F & ztzb Cy3, Cy59 ¥3E24d= §=x
&Fd 10K human oligo chipAtell 8% hibridizationst32
A AT AffvmatrixAFe) 428 Array Scanner2 scandlbe] &
2 A% 8N ZEIORE AHEstd €& Cy3dt Cysel

| 4»
o

K

Table 2. List of the expression levels of topoisomerase,

camptothecin-untreated (Cy3) HL-60 cells.

2 7S A3, house keeping gene?l ZHe 7t 9%
AR e e 7HN I B = FA A2t 10K
SAzre] Wy okALS Scatter plot(Z¥ 3)SHATE ©]
Fodol wet A ol

12013} 748 HQl

10K FZ A5l camptothecing
Hle] 2uf ol FUF Ee
topoisomerase, myc L2}l ras F+AAFES] &
(% 2)oll EAsIALH, olF 9o THPZ=E
topoisomerase +AA$} myc, ras FAAFS] 2
Bl AESFATHZE 6). 2 A3} camptothecin®]
topoisomerase I 3 ¢} topoisomerase @ F7A2}] 2
ofzb Z7}8}9 21 wopoisomerase 18] ¥ F7h
g= AL JEMIYT, mye S-Axte] e
2 AP WA ras {FRRS) BHL AA 5] F7HEHACT

3
SER
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¥

Fig. 5. Scatter plot analysis comparing the expression levels
of 10K genes between camptothecin- treated (Cy3) and
camptothecin-untreated(Cy3) HL-60 cells.

ras and myc genes between camptothecin-treated(CyS) and

Gene 2log{3F/SF) Description

XM 0098621 -1.16

topommerase (DN A) IH beta (TOP3B), mRNA

X\i 003649.1 0.88 topoisomerase Il alpha 170kd top’a

XM_007500.1 00z N-myc downstream-regulated gene 2 (NDRG2), mRNA

XM_017052.1 015 hypothetical protein FLJ13336 similar to N-myc downstream reouatedFLT:36)rrRh A
XM 0182921 0g MYC-associated zinc finger protein (purine-binding transcription factor) (MAZ), mRNA
XM “0477436 -------------- 151 Myc promoter- bmdnvprotemLOC89// ----------------------------------------------------------

XM_0015591 e myc promoter-binding protein 1 (LOCR1977), mRNA 7
XM_o1se7] 237 ) RAB4, member RAS oncogene family (RAB4), mRNA

XM0gI2T 203 similar to ras-related protein (H. sapiens) (LOC63428), mRNA
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Fig. 6. Comparison of the expression levels of topoisomerase,
ras and myc genes between camptothecin-treated(Cy5) and
camptothecin-untreated(Cy3) HL-60 cells.

1; topoisomerase (DNA) III beta (TOP3B), mRNA, 2; htopl
topoisomerase 5'end, 3; topoisomerase II alpha 170kd, 4;
N-myc downstream-regulated gene 2 (NDRG2), mRNA, 5;
hypothetical protein FLJ13556 similar to N-myc downstream
regulated 3 (FLJ13556), mRNA, 6; MYC-associated zinc
finger protein (purine-binding transcription factor) (MAZ),
mRNA, 7; myc promoter-binding protein LOC81977, 8; myc
promoter-binding protein 1 (LOC81977), mRNA, 9; RAB4,
member RAS oncogene family (RAB4), mRNA, 10; similar to
ras-related protein (H. sapiens) (LOC63428), mRNA
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