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SDS-dependent cleavage of nuclear DNA
into high molecular weight DNA fragments:
a signal to the engagement of apoptosis?

V. T. Solov'van

Institute of Molecular Biology and Genetics Ukrainian Academy of Sciences
150 Zabolotnogo str., 252143, Kyiv, Ukraine

In this paper we employed an extraction of the cells with high concentration of sodium chloride (a
procedure commaonly used for preparation of histone-depleted nuclei) to investigate the genesis of nuclear
DNA degradation during apoptosis. We demonstrated that apoptosis in primary culture of murine
thymocyles and [n continuously growing Swiss 3T3 fibroblasts is associated with progressive disintegration
of nuclear DNA into high molecular weight ( HMW) DNA fragments of about 50—150 kb followed by the
development  of ofigonucleosomal DNA  ladder. In apoptotic cells both HMW-DNA cleavage and
interntucleosomal DNA fragmentation can be detected cither by cell treatment with jonic detergents (SDS)
ar by extraction with high concentration of sodium chloride. However, at the early stage of apoptosis only
SDSdetected HMW-DNA cleavage can be observed which precedes the sodium-chioride-detected nuclear
DNA degradation. SDS-detected but not sodium-chloride-detected formation of HMW-DNA fragments
occurs I apoptotic cells as carly as before detachment. 1t may be observed also in nonapoprotic cells after
they reach the confluent state and is reversible. On the busis of obtained results it is possible to suggest
that SDS-detected HMW-DNA cleavage represents o physiological reaction of alive cells thuat accompaies
it curly comnitiment step of apopiosis.

cleaves DNA at internuclcosomal rcgions has been
considered as a critical event in apoptosis for many
yvears [2, 3]. More recently, the attention of many
laboratories has been focused on another essential
step of apoptosis, namely, activation of proteases
frews 11, 121

[n the early phases of apoptosis peculiar modifi-
cations of nuclear morphology become cvident. Mor-

Introduction. Apoptosis is a genctically regunlated form
of cell death, in which superfiuous or abnormal cells
are ¢liminated from an organism |1 |. Apoptosis (also
referrcd to as a programmed cell death) plays a
fundamcnlal role in cell homeostasis and in a variety
of physiological and pathological processes [2, 3}
Although apoptosis occurs in diverse cell types and is
triggered by a number of extracellular and intra-

cellular signals it involves the uniform morphological
changes of the cells such as chromatin condensation,
cytoplasmic vacuolization and plasma membrane bleb-
bing {2]. The morphological alterations of apoptosis
are accompanied by a variety of biochemical changes.
Elevations in cytosclic free calcium (rew |4)) and
cytosolic hydrogen ions [5] are followed by inter-
nucleosomal DNA  degradation |0, 7] and sharp
decreases in cellular NAD levels {8—10]. Despite
considerable effort has been directed toward defining
the biochemical basis for morphological changes asso-
ciated with apoptosis, no consensus has been achie-
ved. Activation of endonuclease which prefercntially
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phological nuclear changes typical for apoptlosis usu-
ally coincide with double-strand cleavage of DNA at
internucleosomal sites [2, 3]. Recent evidence sug-
gests, however, that the changes in nuclear mor-
phology observed during apoptosis seem 1o be more
closely correlated with the proteolysis of a subset of
nuclear proteins |13—18) and the onset of high
molecular weight (HMW) DNA fragmentation, an
event that has been shown to precede [19--22, or,
in some cell types, 1o occur in the abscnce of
internuclteosomal DNA cleavage [23-—25]. The
formation of HMW-DNA fragments, possibly resulted
from the cleavage of looped DNA domains at the
attachment points on the nuclear scaffold, and the
activation of proteases, which seem to act in parallel



with nuclcases [16—18 |, have been postulated 1o be
an early critical event in apoptosis.

Although considerable progress has been achi-
eved in understanding the biochemical cvents, under-
lying morphological changes in apoptotic cells, remar-
kably few is known about initiating events that trigger
apoptotic cell death. The observation that apopiosis-
related cytoplasmic changes can be achieved in enuc-
leated cells [26, 27 | suggests that nuclear events arc
not essential for initiation of apoptosis. Genotoxic
damage, however, is a powerful apoptotic stimulus,
and it secms likely that the nucleus contains impor-
tant mediators which can initiate apoptotic cascade, at
least for particular apopiotic inducers.

In this paper we employed a procedure of cell
exiraction with high concentration of sodium chloride
10 monitor the integrity of nuclear DNA during
apoplosis and demonstrated that before the formation
of HMW-DNA fragmenits, revealed in sodium-chlo-
ride-cxtracted cells, the <«hidden> HMW-DNA clea-
vage takes place in apoptotic cells, that can be
detected by cell treatment with SDS. SDS-dependent
HMW-DNA cleavage in apopiotic cells occurs at the
early stage of apoptosis, is observable in the density-
arrested nonapoptotic cells, and is reversible,

Experimental Procedures. Cell lines and culture
conditions. Murine thymocytes oblained from the
thymus of a 4—3 week old mouse (line BALB/C) and
Swiss 373 fibroblasts were used for this investigation.
3T3 fibroblasis were routinely incubated in DMEM
medium supplemented with 10 %, fetal calf serum
(FCS) in an atmosphere of 95 % air, 5§ % CO, to give
a final suspension of 5-10° cells/ml. Apoptosis in
exponentially growing 3T3 fibroblasts was induced by
serum withdrawal. Thymocytes primary cultures were
prepared {rom intact thymocytes to give a final
suspension of 5-10° cells/ml in RPMI 1640/10 <%,
FCS and incubated under conditions indicated above
for at least 6 h either with or without 1 mM
dexamethasone.

Morphological examination of cells, Cells were
harvested by centrifugation and resuspended in 100 u!
of phosphate buffered normal saline (PBS) at =10’
cells/ml followed by staining with 1 gg/ml of Hoechst
33342 for 30 win at 37 °C, Aftcr washing cclls were
resuspended in 30 wt of PBS and fixed with 30 uxl of
4 %, paraformaldchyde. For inspection of chromatin
10 ul aliquots were laid on glass slides coated with
3-aminopropyl-tricthoxysilane. Microscopy was per-
formed under conditions of normal illumination and
fluorescent light using phase contrast optics.

DNA analysis in cellular preparations. 200 ul of
thymocylc suspension containing app. 1-10° cells were
placed in(o the well of cell culture plate and equal
volume of 1 % low-melting point agarose in PBS-buff-
er preheated to 37 °C was added. For preparation of
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DNA samples from 373 fibroblasts culivral medium

was collected and detached cells were harvested from
the cultural medium by centrifugation. Attached cclls
were scraped in the fresh medium and collected by
centrifugation. Both attached and detached cells were
resuspended in 200 ul of the fresh medium and
embedded into agarose by addition of preheated to
37 °C equal volume of 1.5 % low-melling point
agarose prepared on PBS-buffer. Agarose-embedded
cells (both thymocytes and fibroblasts) were either
treated with the lysing buffer (PBS-buffer containing
10 mM EDTA, 1 % SDS} for | h at 25 °C or with
the extraction buffer (20 mM tris-HCI, pH 7.5, 1 mM
EDTA, 0.2 mM PMSF, 2 M NaCl three times for 20
min at 4 °C. Both SDS-treated and sodium-chloride-
extracted embeddcd in agarose cells were washed
three times for 20 min at 25 °C with washing buffer
(extraction buffer without NaCl) and subjected to
electrophoresis.

Agarose gel electrophoresis Agavosc plugs with
SDS-treated- and sodium-chloride-extracted cells we-
re subjected {0 conventional or field inversion gel
(FIGE) elecirophoresis. Conventional gel clectropho-
resis was carried out in 1.2 9% agarose at 70 V for
3—4 h using 0.5 TBE buffer (0.080 M Tris,
0.089 M boric acid, 0.002 M EDTA, pH 85). As a
molecular weight marker was used 1 kb ladder,
obtained from Life Technologies. FIGE was per-
formed in 1 % agarose at 85 V for 18 h in 0.5 %
x TBE buffer undcer constant pulses of eleciric ficid
(24 s «forward» and 8 s «backward») allowing reso-
lution of DNA molecules sized up to 500 kb [47]. [n
some cases FIGE was carried out for 5—6 h allowing
resolution of both low- and high molecular weight
DNA. After electrophoresis, the gcl was stained with
| ug/ml ethidium bromide for 10 min, viewcd using
a UV transiiluminator and photographed using Micrat
300 film.

Results. Data presented in Fig. 1| show that
dexamethasone-induced apoptosis in primary culture
of thymocytes is associated with an cxtensive cleavage
of nuclear DNA into high molecular weight (HMW)
DNA fragmenis of about 300 kb and 50—150 kb (300
kb-DNA fragments represent an compression artifact
under FIGE employed, results not shown}). Parallel
fractionation of SDS-treated apoptotic cells both by
field-inversion- and conventional gel electrophoresis
indicates that the formation of HMW-DNA fragments
takes place at the carly stage of apoptosis (Fig. 1),
and precedes the internucleosomal DNA fragmen-
lation, which represents a hallmark of apoptosis in
these cells.,

As is evidenced from the results presented in Fig.
2 the typical pattern of nuclear DNA disintegration in
apoptotic thymocytes can be detected either by treal-
ment of agarose-embedded cells with ionic detergent
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Fig. I. The pattern of auclear DNA Cleavage in murine thymocytes
indoced to undergo apoptosits with dexamethasone. Intact myrine
thymocytas were resuspended in RPMI medium supplemented with
10 %, FBS and allowed to incubate for | —6 h in the presence of |
#M desxamethasene. At different time points the sampies of the celly
were embedded in low-melting agarose as descnibed in Experimental
I'rocedore. Agarose-emhedded cells were frcated with 1 %, SDS for
Uk oat 37 "C oand fracdonated cither by FIGE (Pane!l A) or by
conventional gel electrophocesis (pancl . O, control cells, non-
wreated with dexamethasone

SDS or by cell extraction with high concentration of
sodium chloride 1 procedure commonly used for
preparation of histone-depleted nucleiy. However, the
formation of SDS-detected HMW-DNA fragments ip
apoptotic thymocytes precedes the nuclear DNA frag-
mcatation detecled by high-sali-extraction (Fig. 2,
A). Incubation of primary thymocyte culture without
apoptotic inducers also resulls in similar pattern of
nucicar DNA disintegration, which involves the for-
maition of HMW-DNA fragments and concomitant
development of oligonucleosomal DNA ladder (Fig. 2,
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B). This indicates that isolated thymocyles are com-
mittcd 1o dcath, and die via apoptosis cven in the
absence of apoptotic inducers. At the same time the
formation of HMW-DNA fragments to occur rapidly
in the cells committed to apoptosis can be detected
only in SDS-treated- but not in high-salt-cxtracied
celts, while the oligonucleosomal DNA ladder can be
detected by both cell ircatment with SIS and ex-
traction with high concentration of soedinm chloride
(Fig. 2, B). The examination of nuclear morphology
by Hoechst 33342-staining reveals that internucleo-
somal DNA fragmentation accompanics the apoptotic
changes in nuclear morphology, while the SDS-
detected HMW-DINA cleavage is nol associated with
the apoptosis-related chromatin changes (Fig. 2).

Data presented in Fig. 3 show that SDS-detected
HMW-DNA cleavage in apoplotic thvmocytes is re-
versible after brief heat treatment of the cells. The
reversibility of HMW-DNA cleavage is observed at the
early stage of apoptosis with its subsequent loss at the
advanced stage coinciding with the development of
oligonucleosomal DNA ladder (Fig. 3).

The absence of HMW-DNA cleavage in 5D5-non-
treated thymocytes as well as reversibility of HMW-
DNA cleavage at the carly stage of apoplosts allow us
1o suggest that SDS-detected HMW-DNA cleavage is
nol associated with the apoplotic DNA degradation
but represents an carly genomic cvent in cells pre-
disposed 1o undergo apoplosis, To Turther investigate
the relationship between the HMW-DNA cleavage and
apopiotic DNA degradation we cxaminced the integrily
of nuclear DNA in continuously growing Swiss 3T3
cells induced to undergo apoptosis by scrum de-
privation. To facilitatle the DNA analvsis a con-
ventional gel-electrophoresis has been ased insicad of
FIGE stmce it allows to detect casily both inter-
nuclcosomal and HMW-DNA fragmentation (latter is
detected as a single condensed band sized about
30 kb, Fig. h.

Data presented in Fig, 4 demonstrale that the
progressive dccuwmulation of HMW-DNA - fragments
and concomitant development of oligonuclcosomal la-
dder, detected cither by cell treatment with SDS or
extraction with sodium chioride, is restricted to the
detached serum-deprived 3T3 cells. In attached cells,
however, there is no obvious sodium-chloride-detecied
DNA fragmentation but SDS-deiected HMW-DNA
cleavage may be observed. These datla indicate that
the formation of SDS-detected HMW-DNA fragments
in apoplotic 3T3 cells precedes sodium-chloride-de-
tected HMW-DNA cleavage and occurs in alive (at-
tached) cells commitied to undergo apoptosis.

From the data presented at Fig. 5 it is scen that
the SDS-detected formation of HMW-DNA fragments
takes place in altached 3713 cells in the absence of
apopiotic inducers, with the maximal cfficiency of
fragmentation being in conflucnt cells. At the same
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Fig. 2. The pattern of nuctear DNA - clewvapge in apopiofic thymocyies and thyvmoeyies conmupiticd o undergoe apoptosis. lotact murine
thymuocytes were incubated at 37 “C Tor - 20 h either with {panel A) or without (panel 8} | oM dexamethasone. After incubanon the celly
were embedded in low-meling agarese as described in Experimentad Procedure and then were exiracted either with 2 M NaCl or treaicd with
1% 8SDS (as pobvted on the higures. Both sodiom-chloride-extracted and SDS-wecated cells were washed three times with washing buffer
(see Experimentai Provedure) and Dractionated by FIGL. Left panets demonsteate the HMW-DNA Tragments separated by FIGE (ethidium
bromide stainingr. Right panels show the mosphelogical features of chromatin in Hoochst 33342-stuined thymacyies after 3 h of cell incubation
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Fig. 3. The reversibility of HMW-DXNA cleavage in thymocytes at the
carly stages of apopilosis. Thymoecytes were  treated with 1 aM
dexamethasone and allowed to wcubate for 0--3 ho AL different time
points wells were embedded  into agarose as described in Ex-
perimental Procedures (panel ) or were additionglly incubated at
55 °C for 10 min followed by agarese embedding (panel B). After
gelation cells were treated with SDS and fractionated by FIGE as
described in Experimental Procedures

time in detached cells, which appcar afier monolayer
has been established in artached cells, the HMW-
DNA cleavage can be revealed by both cell treatment
with SDS and extraction with sodium chloride (Fig. §,
).

Data presented suggest that SDS-dceiected for-
mation of HMW-DNA fragments represcnts a phy-
siological reaction of alive cells that accompanies
changes in functional activity of the cells during the
cell passage.

Discussion. Our results show that apoptosis in
primary culture of murine thymocytes and in con-
tinuously growing 313 fibroblasis is accompanicd by
an ordered fragmentation of nuclear DNA. Two
stages of nuclear DNA disintegration can be dis-
tinguished in apoptotic cells: the formation of HMW-
DNA fragments followed by the development of
oligonucleosomal DNA ladder (Fig. 1, 4). At the same
time our datla indicate that therc are {wo types of
HMW-DNA cleavage in cells induced 1o undergo
apoplosis, namely, the HMW-DNA cleavage detected
cither with NaCl or SDS angd that detecled only by
cell treatment with SDS.

Because most of the histones and non-hisione
proteins are extracted upon treatment of cells with

318

3 (h) hlgh concentration of sodium chloride E28 34] one

can expect that ds DNA breaks should be revealed in
high-salt-extracted cells. As an illustration both
HMW-DNA fragments and oligonucleosomal DNA
ladder can be detected in high-salt-extracted cells at
the advanced stage of apoptosis (Fig. 2, 4) and is
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Fig. 4. The pattern of HMW-DNA fragmentation in attached (panel
Ay and detached (panci £) 3T3 fibroblasts induced to undergo
apoptosis by serum deprivation. Exponentially growing cells (50 %,
of monolayer) were incubated in serum-deficient medium for 0—54
h. Following incubation the cultural medivm was collected and
detached cells were harvested from the culwral medium by cen-
trifugation. Attached cells were scraped in the fresh serum-deficient
medium and collected by centrifugation. Bath attached and detached
cells were emhedded e agarose as described i Pxperimental
Procedurcs foflowed by extraction either with 2 M NaCl or § %,
SDS. Both sodium-chloride- and SINS-exiracted cells were washed
three  thines with washing buffer  Gee Exporimental Procedures
followed by fractionation by conventional gel elecirophoresis. M,
molecular wight standard. 1 kb-DNA jadder
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Iig. 5. The pattern of 1IMW-DNA fragmentation in 313 fibroblasts
in the absence of apopiotic inducers. The conditions of experiment
and the designations are the same as described in the legend 1o Fig.
4 with the only differcnce that cells were incubated in serum-
conlaining medium. Asterisk indicales the time point when monolayer
has been cstablished

further confirmed by the results of Lichtenstein et al.
1371 that {reatment of isolated nuclei with DNAse |
releases the nuclear DNA upon extraction of nuclei
with 2 M Nalll. The abscnce of the HMW-DNA
cleavage in high-salt-extracted thymocytes, cultured
i vitro without apoptotic inducers, as well as in
thymocytes a1 the early stage of dexamethasone-
induced apoptosis (Fig. 2) clearly indicate that there
are no preexisting ds DNA brecaks in the cells
committed 10 undergo apoptosis or at the early slage
of apoptosis. Al the same timc the detection of
HMW-DNA cleavage in the same cells by cell treat-
ment with SDIS suggests that the HMW-DNA cleavage
is either induced or revealed by addition of detergent.
SDS-dependent formation of HMW-DNA fragments
makes the phenomenon observed strikingly analogous

SDS-DEPENDENT CLEAVAGE OF NUCLEAE iINA

1o the topoisomerase ll-dependent DNA cleavage.
This is further confirmed by thc observation that
SDS-detected HMW-DNA cleavage at the early stage
of dexamethasone-induced apoptosis in murine thy-
mocytes is reversible under conditions that favor
topoisomerase 1l-dependent rejoining reaction |38 |
(Fig. 3). It is of intcrest that the reversibility of
SDS-detected HMW-DNA  cleavage in dexamotha-
sonc-treated thymocyies is lost at tbe advanced stage
of apoptosis, when oligonuclecosomal DNA laddor is
developed (Fig. 3). This suggests that different nuc-
leases may be involved in the HMW-DNA cleavage al
the different stages of apoptosis. Alternative exp-
lanation is that apoplosis-relaied proteolysis of topo-
isomerase I1 [24, 48] could underlie the loss of
reversibility of HMW-DNA cleavage at the advanced
stage of apoptosis.

The examination of nuclear DNA disintegration
in 3T3 fibroblasts, induced to undergo apoplosis by
serum deprivation, allows us to divide several stages
of apoptotic DNA fragmentation as follows. SDS-
detected formation of HMW-DNA fragments proceeds
in attached cells at the early stage of apoptosis, then
the detachment of the cells takes place, which is
associated with the sodium-chloride-detected HMW-
DNA cleavage, followed by the development of oligo-
nucleosomal DNA ladder. 1ln the consecutive events of
apoptotic DNA degradation to occur in 3T3 cells the
appearance of sodium-chloride-detecied HMW-DNA
fragments seems to be attributed 1o the detached
(dead) cells (Fig. 4). At the samg time the SDS-
detected HMW-DNA cleavage, which precedes the
sodium-chloride-detected  formation of HMW-DINA
fragmenis in apoptotic thymocytes (Fig. 2), occurs in
attached serum-deprived 3T3 cells (Fig. 4) as well as
in the confluent scrum-non-deprived cells (Fig. 35).
Furthermore, the SDS-detecied HMW-DNA cleavage
is reversibie at the carly stages of apoptosis upon brief
heat treatment of the cells (Fig. 3) and after addition
of the serum to the scrum-deprived cells 1490 All
these data suggest that SDS-detected formation of
HMW-DNA fragments shares no common feature
wilh an apoptotic DNA degradation but represents an
early genomic event in cells committed to undergo
apoptosis. Indeed, there is no difference in the abality
to SDS-detected formation of HMW-DNA fragmonts
both in attached scerum-deprived cells (preapopiotic
cells) and serum-non-deprived (healthy) cells (com-
pare Fig. 4 and 3. Remarkably, an increased for-
mation of SDS-deiccted HMW-DNA fragments takes
place in cells stimulated to undergo apoptosis by
non-genotoxic inducers, namely by dexamethasone,
and by serum deprivation. This indicates that the
nucleus centains important mediators of the carly
evenis of apoptosis cven in the absence of DNA
damaging agents.

It is becoming increasingly evident that apoptosis
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occurs in response to many different stimuli, of which
a partial list includes withdrawal of growth factors,
inappropriate cxpression of genes that stimulate cell
cycle progression, and viral infection. Several of these
factors have in common the property that they alter
the ccll cycle, and it has been proposed that apoptosis
primarily reflects a cell cycle perturbation [50, 51].
Because the most probable event sccompanying a cell
engagement {0 apoptosis might be an arrest of cell
proliferation one could assume that SDS-detected
formation of HMW-DNA fragments rcflects changes
in proliferative status of the cells. This is further
confirmed by the data that monolayer establishment
in continvously growing 3T3 cells is accompanied by
an increascd formation of SDS-detected HMW-DNA
fragments (Fig. 6). On the other hand, the sti-
mulation of confluent cells to protiferation by ditution
of monolayer is accompanied by decrcased HMW-
DNA cleavage [49]. These data allow us to suggest
that an arrest of ccil proliferation may underliec the
formation of SDS-detected HMW-DNA fragments, an
event that scems to represent an early commitment
step to the subscquent apoptosis.

The cleavage of nuclear DNA into HMW-DNA
fragments to occur al the early stage of apoptosis (or
at the commitment stage of apoptosis) clearly indicate
that there is a periodic location of cleavage sites along
genomic DNAL 11 is becoming apparantly evident that
in the interphase nucleus each chromosome occupies
its own threc-dimensional space due to the estab-
lished contacts with the protein scaffold to generate &
complex structural organization. An extraction of
nuclei with high concentration of sodium chloride
reveals that nuclear DNA is organized into topo-
logically constrained loop domains anchored to a
protein backbone structure referred (o as the nuclear
matrix or chromosome scaffold [28-—34].

Topoisomerase 1l has been shown to be a major
componcnt of the nuclear matrix and plays an im-
portant role in chromosome structurc and dynamics
135—37]. Several lines of evidence suggest that
topoisomerase Il is concentrated in a number of
discrete anchoring complexes which probably form the
bases of the chromatin loop domains [35, 38—40, rew
41, 42].

Previously we demonstrated that the HMW-DNA
fragments, resulted from the treatment of nuclear
DNA preparations with the protein-denaturing
agents, correspond to DNA loop domains [52]. The
relation of HMW-DNA fragmecnts to the DNA Joop
domains were also concluded by other authors {353,
541. We presented evidence indicating that DNA loop
domains in nonapoptosizing tissues are involved in
functional topeisomerase 1I/DNA complexes with the
ability 10 mediate the cleavage/rejoining reactions
{55, 56). Based on studics with purified topo II
enzyvmes and DNA, a iwo-stage model for topo-
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isomerase ll-mediated cleavage/religation reactions
has been proposed [45, 46]. According 1o this model,
an enzyme/DNA cleavable complex is the key cova-
lent intermediate in the topoisomerase H-mediated
DNA turnover which is in rapid cquilibrium with the
noncleavable complex [45, 46]. DNA in the cleavable
complex is broken, but ds DNA brcaks are hidden
since they are clamped by topo 1l enzyme. The
exposure of the cleavable complex lo protein dena-
turants such as SDS or alkali results in a cleaved
DNA product involving the covalent linking of topo-
isomerase 1l subunits to the 5'-ends of broken DNA
[45, 461.

Proceeding from the results that structural do-
mains of nuclear DNA contribute to the functional
topoisomerase [H/DNA complex [55, 50| it scems
appropriate to interpret the SDS-detected HMW-DNA
cleavage to occur at the carly stage of apoptosis as a
transition of DNA structural domains from «non-
cleavable» to «cleavables state, mediated by topo-
isomerase I1I. Our results allow us (0 suggest that
changes in the functional properties of the complexcs
topoisomerase 11/DNA structural domains, resulting
in altered pattern of HMW-DNA clecavage, may be a
physioclogically valuable genome reaction, that un-
derlies an carly commitment step of apoptotic cell
death.

To summarize it can be concluded that changes
in the integrity of nuclear DNA, recognizable as an
altered pattern of SDS-dependent HMW-DNA cle-
avage, represent a physiological reaction of the cells
engaged in apoptosis. This reaction may be associated
with changes in prolifcrative status of the celis and
may be interpreted as a iransition of topoisomerase
II/DNA complex between «clcavables and «noncle-
avabies states.
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DS-Na-zanexne pozurenaernns gnepHol JHE na
BHCOKOMONEKYIApHE QPArMelTH: CHFHAA Z0 TIOUATEY anonro3y?

Pemome

¥ pobomi 30cINocoguro Memod  srcokocnaegol  cxempaxuil in
MAKMHUX KAMH 03 GUBHEHHA ONHGMING POSLCRACHHS A0CHHOT
AHK npu gnonmosi. Hoxa3ano, wo anonmos 6 nepsuiniil Kyas-
HYPE HLAOUUINEG | I BPIGOGUHILE HPHICDILe Y KAIMUNGX -
PoORGCHIG  Miluil CYRPOGOUXRNCMECH NPOSPCCHEHOK: Jeepadalicn
Adeprol AHK Ha GucorRoMOReKyAspri (hpaesenmu possiposm 50—
156G muc. 1o on 3 nOOANBUIHM DOPMYBGHHIM OALLOHYKICOCOMHUX
hpazmenmie. B anonmoswux kAimunax  posmenacmis gdeprot



JHK Hu GHCORKUMOACKYAAPRE M QAICONYKACDCOMME Ppacmenmiy
sidfygacimues A npu 0pobui waimus DS-Na, miac { npu sucoio-
coAcGin crcmpuicyll. Odnak RO paMRrix etHatex anonmoly  mac
micye auiie DS-Na-30ieKAa SRCOKOMOIEKYARPHA @PAMENMAUIR
sdepuol AHK, arxa nepedye opmysanHi) sucOKOMOREKYAAPHUX
DpacMeriic, WO SUAGARIOMCA NPH  GUCOKOCOAESIL excmparyfl
aimue., Ha sidminy sid po3pusie, AKX GUAGARKINLCA GUCOKOCORE-
gm0 excinpakicg, NDS-Na-zatexue posuienaenna adeprot JHK na
BULOKOMAREKYIAPHE PpAcMeErHmi CROCIHENicacibC 8 QROMMOIHUX
KRIPNHAX neped GCHARGANHAM, d MUKOXK MO MICUC 6 HEQRONMO3-
X orimnax, o docaenn sonowapy. fToxasann, wo DS-Na-sa-
AR poswenaeins sdepuol JAHK wa sucoxpmoaeyaspri fpaz-
MO NG NONAMROGUX CHIadinX anonmody € 360porHumM 8 Yymo-
GUX, W) CHPUSIOMY 30A8XHOMY 6i0 monoizomepasu 1T nizysanunio
pospusis [JHK. Ompumani pexyasmamu caiduame, wo DS-Na-3a-
AEKHE Posenienns sdephoi AHK na sucoxomorexyanpri gpac-
MEHMU € @H3L0A02IUNGH peariic) XKuauX KAIMUH, kg hepedye
wnonmodnit deepadayii sdeproi AHK.

B. T. Coroduesa

DS-Na zanucivoe pacwervienue agepioit JIHK wa
BLICOKOMONCKVpHBE (DPArMEHTEL CHPHAA K HAHasy anonroia?

Pestome

B pabonie wpumencn Memod 6uiCOKOCONLEOH IHCMPUKUHI WHIH-
HOLX KACMOK AR 13ywerus OuHaMKL pacwenienus adeproi JHK
npu aronmoese. Hokaszano, wno anonmo3 6 NEPEUMHON KYAoMmype
IUNMOGHMOE W KYABIRUGHPOGAILHOIX npmrpenﬂzmu.;uxcn KAlemlcgx
Dubipabaacmos Mol ConpoeoxXGaemcen npozpeccusHol decpada-
wuel adepnoi JHK na soicoROmonekyasapuse Ppaemenmer paise-
pom 30—150 mewc. o M. ¢ nocaedyrOuum GopmuposaHiem O20-
HYKACOCOMIOLY (PPacmenmos. B anonmo3nnx Kaemxax pacuenie-
nue woeprow K Hu GUICOKOMONEKYARPHOIE U ONUCONYKIEOCOMHBIC
Ppacmenui Aporcxddum kax Npu 0bpubomie kremor DS-Na,
MaK L Npu BLICOKOCOTed0l  3kcmpakuuy. OdMako na  pamHux
SMANax QUoORMose umecni sMecto auws DS-Na-3aoucuman épico-
rROMmoexyanpras paemenmayis adeproi JHK, npeduecmayio-
wiet OPMUPOSUIING GLICOKOMORAEKYARPHOLE (IPACMEHMOS, BbLRG-
AACMBIX  GHCOKOCOACROU KCMPARUHCH KAEmoK., B omawaue om
Paspuléns, OIHAPYXIUGAEMbIX  BHICOKOCONERON Jkcmpaxiiieti, DS-
Nég-3aauciumoe pucuienaernue adepnot JTHK na eébicokomoneiyasp-
Hote dipaemeinne haboodaermes 8 anoRMO3INbIX KASMKAX neped
BCRAGINIHEM, ( PIUKKE UMEEH MECMO 8 HEQHONIO3HbIX KACMKAX,
docmiteunex sorocaoy. Hokasano, umo D8-Na-3a8uctemoe puciyen-
senue sdepron JHK HO GLICOKOMOACKYALPHLIC PPALMERINGI HU
HAMLAALHBLY CIAGUAX GRONMO3UL A6ASEINCH oﬁpamumum 8 YCA0au-
X, CHOCOOCHEYRIWUX QROCpedodarnaomy moneuiomepaion IT aucu-
POGEHIIO PEIpuanG HITK ITORYMeNbe DeIYALMAnibt Coudeme1oc -
aytom, «mo DS-Na-3aéucamoe pacunacnue adeprot JHK na
BHICOKOMOACKYAAPHBIC Bpacseriiet Apedcmasasem coboi pusuo-
AOZUMECKNVIO PCOKLIND KUBBLX KAEMOK, KOMOPUA HPediiecmayem
anonmosHoi deepuadauun sdeproi JHK.
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