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Abstract9

We have investigated the possible influence of 5-azacytidine (5-azaC) substitution for cytidine into DNA on topoisomerase II
(topo II) function in chromosome segregation. The endpoint chosen has been the induction of endoreduplicated cells at mitosis
showing diplochromosomes. Experiments were performed in the presence and absence of the cytidine analogue to assess the
degree of 5-azaC-induced DNA hypomethylation, using differential cutting by restriction endonucleasesHpaII andMspI. Using
the pulsed-field gel electrophoresis (PFGE) technique, we have also observed a protective effect provided by 5-azaC treatment
against DNA breakage induced by the topo II poisonm-AMSA. Concentrations of 5-azaC shown as able to induce extensive DNA
hypomethylation and capable to protect DNA from double-strand breaks induced bym-AMSA were used for our cytogenetic
experiments to analyze chromosome segregation. Our results seem to indicate that the presence of 5-azaC in DNA induces a
dose-dependent increase in the yield of endoreduplicated cells that parallels the levels of hypomethylation observed.
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. Introduction

The essential nuclear enzymes DNA topoiso-
erases (topo I and topo II) regulate DNA topol-
gy during many cellular processes, such as replica-

ion, transcription, recombination and segregation of
aughter molecules through transient cleavage of the

∗ Corresponding author. Tel.: +34 954 557039;
ax: +34 954 610261.

E-mail address:cortes@us.es (F. Cortés).

molecule, strand passing and religation (for a rev
see[1]). There are two classes of topos accordin
their catalytic mechanisms. While class I enzyme (t
I) breaks and rejoins one DNA strand at a time,
lowing the DNA to swivel and release torsional stra
class II enzyme (topo II) is able to do so with the t
strands that make up duplex DNA, allowing the pass
of another intact DNA duplex through the gap. Si
topoisomerase-induced breaks in DNA are transien
termediates in the strand passage reaction, they ar
mally present at low steady-state levels and hence

027-5107/$ – see front matter © 2005 Published by Elsevier B.V.
oi:10.1016/j.mrfmmm.2005.02.001
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tolerated by the cell as a necessary, though otherwise39

potentially dangerous, process that proves mutagenic40

and even lethal when the enzyme is poisoned[2,3].41

A key feature that establishes a difference between42

both types of enzyme is that while both type I and type43

II are proficient in relaxing supercoiled DNA in order44

to relieve torsional tension that generates during repli-45

cation and transcription, only topo II is able to resolve46

intertwined DNA molecules. This unique activity of47

DNA topo II in decatenating and unknotting is essen-48

tial for segregating fully replicated daughter chromo-49

somes for G2/M to proceed[4–10]. Besides its essen-50

tial functional roles in chromosome condensation and51

segregation, topo II is a basic structural protein particu-52

larly abundant in the chromosome scaffold and nuclear53

matrix [11].54

The beginning of the enzyme’s catalytic cycle of55

topoisomerization of DNA consists of the binding of56

the homodimer to its double-stranded substrate. This57

binding does not seem to require any cofactor, but58

the presence of divalent cations has been reported to59

stimulate it[12]. Concerning the double helix proper-60

ties influencing such an interaction topo II–DNA, on61

the other hand, both nucleotide sequence and topol-62

ogy seem to play a role. Within its recognition/binding63

sites, it seems that topo II cleaves DNA at preferred64

sequences, while there is no report on high specificity65

[13–16]. In general, the principles that govern the nu-66

cleic acid specificity of topo II are as yet rather obscure67

and further investigation is needed.68
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endoreduplication to different degrees, either through87

interference with cytoskeleton assembly[18,19]or as a 88

result of DNA damage[20–23]. More recently, focus- 89

ing on topo II agents that interact with the enzyme have90

been used to provide further evidence that it is essen-91

tial for separation of daughter chromosomes. Topoi-92

somerase “poisons”, i.e., chemicals that cause DNA93

strand breaks through stabilization of topo II cova-94

lently bound to DNA in the intermediate form so- 95

called cleavable-complex[2] as well as those consid- 96

ered as true catalytic inhibitors[24] are able to in- 97

duce endoreduplication[10,25,26]due to prevention 98

of decatenation of replicated chromosomes by topo99

II with the subsequent failure to complete anaphasic100

segregation. 101

In a recent investigation, we analyzed the possible102

influence of DNA substitution by halogenated nucleo-103

side analogues of thymidine on chromosome segrega-104

tion. Our observation was that all the thymidine ana-105

logues tested are able to induce endoreduplication to106

different degrees as a result of segregation failure be-107

ing the yield of endoreduplication parallel to the rel-108

ative level of halogenated nucleoside substitution for109

thymidine in DNA achieved[27]. 110

In order to continue our studies on the specificity of111

topo II for DNA sequence in mammalian cells, we have112

carried out an investigation on the possible influence of113

the methylated state of DNA on chromosome segrega-114

tion. The drug 5-azacytidine (5-azaC), which acts as115

a strong hypomethylating agent at the C5 position of116
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As to the importance of the topological form of DN
or binding and cleavage by topo II as a whole,
he other hand, it has been reported that the enz
as a preferential interaction with supercoiled DNA
ompared with relaxed forms of the molecule[3]. This
ehaviour of topo II provides a plausible explana

o its strong interaction with supercoiled DNA as w
s to why it readily releases its reaction product w
elaxation is accomplished.

Endoreduplication is a variety of endomitosis t
onsists of two successive rounds of DNA replica
ithout intervening mitosis, i.e., segregation of dau

er chromatids[10,17]. Diplochromosomes, made
f four chromatids held together instead of the nor

wo, are the visible mitotic manifestation of this ra
lthough sometimes spontaneous, phenomenon.

In spite of being a normally rare event in anim
ells, a variety of agents have been reported to in
E
D
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ytidine after its incorporation into DNA, was used
nduce extensive modification of the DNA sequen
ur results seem to indicate that severe hypomet

ion of DNA leads to reduced chromatid decatena
hat ends up in endoreduplication, most likely due
ailure in topo II function.

. Materials and methods

.1. Chemicals and enzymes

A stock solution of 5-azaC (Sigma) was prepa
n distilled water (H2OD) and kept in 200 ml vials a

20◦C until use. Just before an experiment, a vial
hawed and then further diluted in medium in orde
btain the final concentration of 5-azaC desired.
triction endonucleasesHpa II and Msp I (Promega
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were used according to the suppliers’ recommended131

protocol in the activity buffer provided.132

2.2. Cell culture133

Chinese hamster ovary AA8 cells were grown as134

monolayers in McCoy‘s 5A medium with 10% fetal135

calf serum, 2 mMl-glutamine and the antibiotics, peni-136

cillin (50 U/ml) and streptomycin (50�g/ml). Cells137

were cultured at 37◦C in 5% CO2 in air.138

2.3. Genomic DNA preparations139

Untreated control cells or cells treated for 24 h with140

0.1, 0.5 and 50�M 5-azaC were processed to obtain141

an extract of genomic DNA. Briefly, about 15× 106
142

cells was collected in 10 ml PBS using a scraper and143

then centrifuged at 1200 rpm for 6 min. After centrifu-144

gation, the supernatant was discarded and the pellet145

was resuspended with 500�l of lysis solution (10 mM146

Tris–HCl at pH 6, 25 mM EDTA, 100 mM NaCl, 0.5%147

SDS). Lysate of cells was obtained by passing the148

mixture at least 10 times through a sterile insulin sy-149

ringe. Then, 500�l of lysate per sample was incubated150

at 50◦C for 60 min in a water bath in the presence151

of proteinase K (100�g/ml) and RNase (10�g/ml).152

At the end of the incubation, DNA was extracted153

twice with phenol–chloroform–isoamyl alcohol mix-154

ture (25:24:1). The genomic DNA was then precipi-155

tated with 7.5 M ammonium acetate and with 100%156
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enzyme addition and served as background control.173

Briefly, the DNA digestion was performed in 20�l re- 174

action mixtures containing 2�g of DNA, 10× Buffer A 175

(in the case of digestion withHpaII) containing 60 mM 176

Tris–HCl (pH 7.5), 60 mM NaCl, 60 mM MgCl2 and 177

10 mM DTT or 10× Buffer B (whenMspI was used for 178

the enzyme digestion) containing 60 mM Tris–HCl (pH179

7.5), 500 mM NaCl, 60 mM MgCl2 and 10 mM DTT, 180

0.1 mg/ml BSA. In all cases, 15 units of the restriction181

enzyme were used and H2OD was added to complete 182

the final reaction volume. The reaction mixtures were183

incubated overnight at 37◦C and terminated by adding 184

2�l of loading buffer consisting of 5% (v/v) Sarkosyl,185

0.0025% Bromophenol Blue and 25% (v/v) glycerol.186

The mixtures were subjected to 1% (w/v) agarose-gel187

electrophoresis in TAE (Tris/acetate/EDTA) running188

buffer. The agarose gels were stained with ethidium189

bromide and DNA was revealed with a UV transil-190

luminator. The relative changes in methylation status191

were compared between samples by a densitometric192

analysis of the gel using the software program PCBAS193

2.0. 194

2.5. Pulsed-field gel electrophoresis (PFGE) of 195

DNA 196

Cells were treated for 24 h with either 35 or 50�M 197

5-azaC and then, treated for 3 h with the topo II poison198

m-AMSA at a dose of 2�M to induce DNA double- 199

strand breaks through stabilization of topo II–DNA200
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thanol. After centrifugation at 14,000 rpm for 15 m
t 4◦C, the supernatant was carefully removed and
ellet rinsed with cold 70% ethanol. Subsequently
NA pellet was dried and dissolved in 50�l TE buffer
t pH 7.4. DNA concentration was measured by s

rophotometry at 260 nm. Purity of DNA was asses
sing the ratio of OD 260/280 with a ratio of 1.8–
eing considered of high purity[28]. Quantification
f all DNA samples was performed using a Beckm
U-64 Spectrophotometer.

.4. Genomic DNA digestion and electrophoresis

A total of 2�g of genomic DNA per sample w
igested overnight with approximately 10-fold exc
f eitherHpa II or Msp I endonucleases according

he manufacturer’s protocol (Promega). Also, a D
liquot per sample was incubated without restric
E
D
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cleavable complexes”. Cells untreated, treated
-azaC alone, orm-AMSA alone served as contro
t the end treatments, cells were immediately em
ed in agarose and DNA double-strand breaks
nalyzed by clamped homogeneous field (CHEF
lectrophoresis.

The procedure was as follows: exponential c
ere collected using a cell scraper, washed twic
old phosphate-buffered saline (PBS) and counte
BS. They were mixed with low-melting temperat
garose (LMP-agarose, Sigma) at 4× 106 cells/ml. The
uspension was pippeted into plug moulds (250�l,
io-Rad) and kept at 4◦C for 30 min to allow the
garose to set. Subsequently, plugs were transfer

hree volumes of lysis solution (0.5 mol dm−3 EDTA,
% sarkosyl and 0.5 mg/ml proteinase K), mainta
n ice for 1 h to prevent any repair occurring dur
iffusion of the lysis solution and then, incubated
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37◦C for 24 h. Before electrophoresis, the plugs were219

washed twice in PBS and cut into halves correspond-220

ing to about 2× 104cells.These samples were inserted221

into 0.6 cm× 0.5 cm× 0.1 cm wells of a precast 0.8%222

agarose gel in 0.5× TBE buffer (0.05 mol dm−3 Tris,223

0.05 mol dm−3 borate, 0.1 mmol dm−3 EDTA; pH 8.4).224

Saccharomyces cerevisiaeyeast chromosomes were225

used as DNA size standards in each gel. The wells were226

sealed with 0.8% agarose.227

Electrophoresis was carried out using a CHEF-DRII228

system (Bio-Rad). The gels were electrophoresed at229

45 V (1.3 V/cm) for 96 h with a switch time of 60 min.230

Electrophoresis buffer was 0.5× TBE. Buffer temper-231

ature was maintained at 14◦C by circulation through232

a cooling bath. Following electrophoresis, the gels233

were placed in 200 ml of electrophoresis buffer with234

0.5�g/ml of ethidium bromide to stain the DNA. Fi-235

nally, gels were photographed under UV illumination236

and densitometrically analyzed using the software pro-237

gramme PCBAS version 2.08. DNA damage was mea-238

sured as the percent of DNA migration from the well: %239

DNA migration = [optic density in lane/total optic den-240

sity on the lane and well]× 100. Statistical analysis for241

significance was used (Student’st-test).242

2.6. Induction of endoreduplication243

Actively growing AA8 cells were cultured for 24 h244

in the presence of a wide range of different concen-245

trations of the cytidine analogue 5-azaC (0.05; 0.1;246
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3. Results 264

3.1. DNA hypomethylation after treatment with 265

5-azacytidine 266

The cytidine analogue 5-azaC, containing an N267

atom at the 5′-position instead of a carbon, has been268

reported as efficiently able to induce hypomethyla-269

tion at the C5 position of cytidine after its incorpo-270

ration into DNA [29]. With the ultimate purpose of 271

assessing the level of DNA demethylation following272

5-azaC treatment in AA8 Chinese hamster ovary cell273

line, the cells were given a 24 h treatment with dif-274

ferent doses of the cytidine analogue and DNA was275

subsequently extracted for restriction enzyme diges-276

tion and gel electrophoresis. Two restriction endonu-277

cleases, namelyHpa II andMspI were selected for our 278

study. 279

While methylation of cytosine in 5′-CpG-3′ se- 280

quence renders DNA resistant to cutting by restric-281

tion enzymeHpa II, Msp I cuts CpG islands regard- 282

less of its methylation status. Accordingly, we car-283

ried out a comparative restriction enzyme digestion284

to see whether a treatment with 5-azaC was effec-285

tive in changing the methylation pattern of DNA in286

AA8 cells. As can be seen inFig. 1, incubation with 287

Msp I enzyme led to extensive DNA fragmentation,288

yielding a smear of similar characteristics regardless289

of the dose of 5-azaC given to the cells. Contrasting290

with this observation, on the other hand, the pattern291
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.5; 15; 35 and 50�M) shown as efficiently induc
ng hypomethylation at the C5 position of cytidine
er its incorporation into DNA. After treatment, t
ultures were thoroughly washed and maintaine
resh medium for 18 h to allow them to recover. C
ures that did not receive any treatment served as
rol. Colcemid (2× 10−7 M) was finally added fo
h 30 min to all the cultures for metaphase arr
he flasks were gently shaken to dislodge the

otic cells, which were collected by centrifugatio
reated with 0.075 M KCl for 2 min (hypotonic trea
ent), fixed in methanol:acetic acid (3:1) and drop
nto clean glass microscope slides. The slides
tained with 3% Giemsa in phosphate buffer pH
nd mounted in DPX. Two thousand metaphases
ulture were counted and classified as normal o
aving diplochromosomes. All the experiments w
arried out in triplicate.
E
D
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f Hpa II cutting was in all cases that correspo
ng to a much more limited fragmentation of DN
s expected from the enzyme limited ability to
NA CpG sequences, only when they are deme

ated for methylation protects from cutting byHpa
I.

The above notwithstanding, treatment of the c
ith doses of 5-azaC ranging from 0.1 to 50�M
ielded a dose-dependent increase in the amou
NA migrated from the wells, clearly detectable d
itometrically (Fig. 1, lanes 5, 8 and 11).

.2. 5-Azacytidine treatment protects against DNA
ouble-strand breaks induced by the topo II poiso
-AMSA

The incorporation of 5-azaC instead of cytidine
widespread effect in that methyltransferases pro
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Fig. 1. Pattern of DNA digestion by restriction endonucleasesHpa II and Msp I depending upon the methylation of cytosine in 5′-CpG-3′
sequences. While methylation renders DNA resistant to cutting byHpa II, restriction enzymeMsp I cuts CpG islands, regardless of their
methylation status. (A) Electrophoretic image of DNA fragmentation pattern. Lanes 1, 4, 7 and 10, uncut control genomic DNA; lanes 2 and 3,
DNA from cells untreated with 5-azaC digested withHpa II andMspI, respectively. Lanes 5, 8 and 11,Hpa II digestion pattern for cells grown
in the presence of 0.1, 0.5 and 50�M 5-azaC. Lanes 6, 9 and 12, the same forMsp I. Molecular weight marker (Hind III cut phage lambda
DNA) is included (lane 13). (B) Densitometric pattern obtained from (A). Note that while forMspI the pattern is roughly similar regardless of
5-azaC treatment, given that it cleaves DNA independently of the methylation status of CpG islands, a clear dose-dependent effect is observed
for cleavage byHpa II (DNA migrated) depending upon demethylation.

to hypomethylate DNA not only at the site of 5-azaC308

misincorporation, but far beyond that location in DNA.309

Topo II cleavage for its function during essential pro-310

cesses, such as segregation of fully replicated DNA,311

depends on recognition/binding of the enzyme homod-312

imer to preferred nucleotide sequences, though there is313

no report on a high specificity[13–16].314

In order so see whether DNA demethylation in-315

duced by 5-azaC had any effect on topo II catalytic316

activity, the effectiveness of the topo II poisonm- 317

AMSA to induce DNA double-strand breaks through318

stabilization of covalent “cleavable complexes” topo319

II–DNA was analyzed.Fig. 2 shows that AA8 Chi- 320

nese hamster ovary cells pre-treated with 5-azaC for321
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Fig. 2. Protection provided by 5-azaC against the induction of DNA double-strand breaks by the topo II poisonm-AMSA assessed by PFGE.
AA8 Chinese hamster ovary fibroblasts were treated with 5-azaC for two cell cycles and then with the topo II poisonm-AMSA (see Section2.5
for details). (A) Representative PFGE gel of three independent experiments is shown. Lane 1: untreated control; lanes 2 and 3: cells exposed to
35 and 50�M 5-azaC, respectively; lane 4: cells treated with 2�M m-AMSA; lane 5: cells grown in 35�M 5-azaC beforem-AMSA treatment;
lane 6: the same with a pre-treatment with 50�M 5-azaC; lane 7:S. cerevisiaeDNA marker. (B) Densitometric analysis of the percent of DNA
migration in PFGE gels as shown above, indicative of DNA double-strand breaks produced. Each bar represents the mean of three independent
experiments± S.D. (*P< 0.005, according to Student’st-test).

24 h (about two consecutive cell cycles) appear as322

less sensitive tom-AMSA, as compared with con-323

trol cells treated with the topo II poison alone, as as-324

sessed by PFGE measurements of DNA double-strand325

breaks.326

3.3. Endoreduplication induced by 5-azacytidine327

Once established that 5-azaC, at the doses tested328

by us, is capable of inducing extensive DNA demethy-329

lation in AA8 Chinese hamster ovary cells, we ana-330

lyzed the possible influence of 5-azaC substitution for331

cytidine into DNA on normal chromosome segrega-332

tion. The endpoint chosen by us to assess missegrega-333

tion leading to aberrant mitosis was endoreduplication334

[10,17], typically visible as metaphases made up of335

diplochromosomes (Fig. 3). 336

5-Azacytidine substitution into DNA took place for337

two consecutive S-periods (total 24 h) before allowing338

the cells to recover for an additional cell cycle dur-339

ing which endoreduplication (if any) might take place.340

As can be seen inFig. 4, endoreduplication was effec-341

tively induced in a dose-dependent fashion at doses of342

5-azaC ranging from 0.05 to 35�M. At concentrations 343

of the cytidine analogue of 50�M and higher, while the 344

induction of endoreduplication was still observed, the345

dose-dependent relationship was more variable (data346

not shown).
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Fig. 3. Endoreduplicated cell at metaphase showing the characteristic diplochromosomes. 5-azaC was present for two consecutive rounds of
DNA replication, followed by an additional S-period in absence of the cytidine analogue during which endoreduplication took place.

4. Discussion347

The question as to the relative importance of DNA348

sequence for its recognition by DNA topoisomerases349

and their subsequent binding and cutting of the polynu-350

cleotide chain (s) for enzyme function is still a matter351

of scientific investigation. Concerning this, it is gener-352

ally agreed upon that nucleotide sequence plays a role353

but the rules that determine the nucleic acid specificity354

of topo II are as yet far from being fully understood.355

Fig. 4. Induction of endoreduplication by 5-azaC. In good agreement with the degree of hypomethylation observed (seeFig. 1) 5-azaC was
shown as capable of inducing endoreduplication in a dose-dependent fashion. Bars indicate standard errors from three experiments.
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Reports on topo II cleavage at preferred sequences of356

DNA within its recognition/binding sites have been357

presented, while high specificity does not seem to exist358

[13–16].359

The frequencies of the nucleotides and dinucleotides360

in the region near the site of phosphodiester bond361

breakage was analyzed in order to study the se-362

quence specificity of double-strand DNA cleavage by363

Drosophila topo II [30] and clearly revealed a non-364

random distribution. The consensus sequence derived365

was 5′GT·A/TAY ↓ATT·AT··G3′ where a dot means no366

preferred nucleotide and Y stands for pyrimidine[30].367

Furthermore, analysis of DNase I footprint has revealed368

that Drosophila topo II can protect a region in both369

strands of the duplex DNA, with the cleavage site lo-370

cated near the center of the protected region[31], and it371

has been proposed that the strong DNA cleavage sites372

ofDrosophilatopo II [30] likely correspond to specific373

DNA-binding sites of the enzyme[13,32].374

On the other hand, the interaction between calf thy-375

mus topo II and DNA was also characterized by means376

of a transcription assay[33] and it was concluded that377

topo II binds to a region of DNA located symmetrically378

around the enzyme-mediated cleavage site.379

In a study aimed at the assessment of the possible380

role played by the nature of DNA in chromosome seg-381

regation, we have recently reported the induction of en-382

doreduplication in AA8 Chinese hamster cells treated383

with different halogenated nucleosides that incorporate384

into DNA for thymidine[34], namely CldU, IdU and385
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poisons were mapped in the simian virus 40 genome404

[16] and the finding was that strong sites tended to405

occur within A/T runs, such as those that have been406

associated with binding to the nuclear scaffold[16]. 407

In the present investigation, we have found that408

DNA substitution of 5-azaC for cytidine that results409

in a drastic DNA demethylation, provides a protection410

against DNA double-strand breaks induced by the topo411

II poisonm-AMSA. This observation seems to point412

out to a loss in the capacity of the poison to induce413

the stabilization of covalent DNA–topo II “cleavable414

complexes” that, in turn, are responsible for the DNA415

damage when the replication fork machinery collides416

with them[35]. 417

Concerning endoreduplication, a dose-dependent418

increase in the yield of endoreduplicated cells after419

treatment with 5-azaC was observed. This parallels420

the corresponding level of DNA hypomethylation in-421

duced in DNA by 5-azaC incorporation for cytidine, as422

assessed using restriction enzyme digestion, and also423

correlates with the protection of DNA against damage424

induced by the topo II poisonm-AMSA. 425

Taken as a whole, our previous report[27] as well as 426

the present results seem to support the idea that the pres-427

ence of anomalous bases, such as halogenated pyrim-428

idines or demethylated cytosines in DNA, results in a429

defective function of topo II in chromosome segrega-430

tion that eventually leads to aberrant mitosis and the431

subsequent endoreduplication[26]. Supporting this, it 432

has been reported that the cleavage activity of topo I433
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rdU. The observation was that treatment with an
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ine into DNA [27]. We concluded that even thou

he possible involvement of other proteins canno
uled out at present, our observations seem to favo
ikely hypothesis that the nature of DNA might pl

role for the recognition/binding of topo II and
ubsequent cleavage of the fully replicated mole
or chromosome segregation[27]. It has been reporte
hat eukaryotic topo II preferentially cleaves altern
ng purine–pyrimidine repeats within the consensu
uence, and additionally, GT, AC and AT repeats w
etter substrates for cleavage than GC repeats[14,33].
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s affected by both the removal of the CH3 group from
hymidine (by substituting uridine for thymidine)
ts addition onto cytosine (replacement of cytosine
-methylcytosine)[36–38].

In our opinion, however, an alternative hypothe
ased upon the degree of chromatin condensation
e considered. It is well known that the dynamics
hromatin compaction can be altered by incorp
ion of the deoxycytidine analogue 5-azaC into D
uring the second-half of S-phase, as a consequ
f drastic DNA demethylation. This prevents the n
al compaction of late-replicating structures, i.e.
ands and constitutive heterochromatin[39–41]. Inter-
stingly, also BrdU incorporation into DNA has be
eported to induce alterations in chromatin compac
lthough more limited than those induced by 5-a

42]. The mechanisms are different; while BrdU play
irect role by steric hindrance, 5-azaC is responsibl
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an epigenetic effect leading to drastic DNA demethy-452

lation [41].453

It has been reported that topo II has a much higher454

affinity for supercoiled DNA than for the relaxed forms455

of the molecule[3], which explains the strong interac-456

tion of the enzyme with the former, while the relaxed457

products of its reaction are readily released. Taking458

into account this behaviour of topo II depending upon459

the supercoiled state of DNA, the results reported in460

the present investigation could be explained as due to461

a possible loss of affinity of the enzyme for decon-462

densed demethylated DNA. In turn, unresolved inter-463

twined daughter DNA molecules, unable to segregate at464

G2/M, should lead to the triggering of an endoredupli-465

cation cycle, most likely as an emergency mechanism466

mediated by checkpoint signalling.467

At present, discriminating between both hypothe-468

ses, i.e., DNA sequence versus DNA supercoiling/469

relaxed status appears as technically difficult and fur-470

ther investigation is needed.
471
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