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Abstract Topoisomerase II (TopoII) is a Mg-dependent enzyme involved in topological modifications of DNA
that are crucial to the regulation of cell proliferation and possibly differentiation. To investigate the role of Mg
availability in the modulation of TopoII in whole cells, we studied enzyme activity and expression in HL-60 cells grown
in the presence of decreasing amounts of extracellular Mg (0.5, 0.03, and 0.01 mM MgSO4). In comparison to cells
grown in 0.5 mM Mg, cells grown in 0.03 mM Mg exhibited a decrease in TopoII activity, as evidenced by reduced
induction of DNA/TopoII cleavable complexes and apoptosis by etoposide and teniposide. Enzyme activity was
restored by the readdition of Mg (0.5 and 1.5 mM) in the incubation medium, confirming that this effect was indeed
modulated by extracellular Mg. Restriction of Mg to 0.01 mM was associated with a dramatic decrease in TopoII
activity resembling that observed in HL-60 cells differentiated by dimethyl sulfoxide treatment. The restriction of Mg,
while decreasing enzyme activity, was found to upregulate TopoII protein expression, determined by Western blot
analysis. The increase of TopoII protein levels was correlative with the degree of Mg deprivation. Collectively, these
results indicate that extracellular levels of Mg may control availability of intracellular Mg, thus affecting the regulation
of TopoII activity/expression and downstream processes of cell proliferation and/or differentiation. J. Cell. Biochem. 78:
325–333, 2000. © 2000 Wiley-Liss, Inc.
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Topoisomerase II (TopoII) constitutes the ma-
jor nonhistone component of the nuclear matrix.
By repeated break/resealing steps of the double-
strand chain, the enzyme resolves some topolog-

ical problems of the DNA molecule during repli-
cation, transcription, recombination, and repair
[Anderson and Roberge, 1992]. TopoII is the tar-
get for a variety of antineoplastic agents that
block the religation reaction forming covalent
DNA/TopoII adducts. These “cleavable com-
plexes” interfere with physiologic DNA metabo-
lism and trigger events leading to cell death
[Beere et al., 1995]. Several lines of evidence
indicate that TopoII plays a role in the commit-
ment of the cell to the differentiation process. In
fact, differentiation is accompanied by modifica-
tion in the activity, protein levels, and phosphor-
ylation of TopoII [Francis et al., 1987; Zwelling et
al., 1990; Constantinou et al., 1989; Kaufmann et
al., 1991; Aoyama et al., 1999]. Moreover, TopoII
cleavage sites have been shown to occur in
regions important to the transcription of
differentiation-associated genes [Riou et al.,
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1993; Rubin et al., 1991]. Phosphorylation/
dephosphorylation of TopoII was suggested to
affect DNA by influencing the expression of
differentiation- versus proliferation-associated
genes [Constantinou et al., 1996]. TopoII inhib-
itors at noncytotoxic concentrations are also
reported to induce the differentiation of vari-
ous leukemic cell lines [Larsen, 1994]. Finally,
TopoII activity is modulated by several protein
kinases that are known to influence cell differ-
entiation, for example, casein kinase II [Ritke
et al., 1995] and some protein kinase C iso-
forms [Sahyoun et al., 1986; Corbett et al.,
1993; Devalia et al., 1992].

Magnesium ion plays a crucial role in many
cell functions. The divalent cation serves both
intracellular and extracellular roles, although
the relative free concentrations are similar
[Cowan, 1995]. Approximately 90% of intracel-
lular Mg is bound to ribosomes, polynucleoti-
des, and adenosine triphosphate (ATP). This
bound form has the function to stabilize pro-
teins, nucleic acid, and cell membranes and to
participate in the catalysis of several biochem-
ical reactions. The remaining 10% of intracel-
lular Mg is in the ionized form and is quite
stable in physiopathologic conditions [Black
and Cowan, 1995]. ATP, cytokines, hormones,
and prostaglandins can influence Mg ho-
meostasis through receptor-mediated mecha-
nisms that regulate Mg movements across the
plasma membrane [Wolf et al., 1996; Keenan et
al., 1996]. However, the regulatory role of Mg
at the cellular level remains poorly understood,
nor is it known how extracellular Mg can influ-
ence cell function(s). We have recently demon-
strated that human leukemia HL-60 cells in-
duced to differentiate by dimethyl sulfoxide
(DMSO) or retinoic acid undergo a substantial
decrease of total cell Mg content followed by an
intracellular redistribution of Mg that may be
important in cell maturation [Wolf et al., 1998;
Di Francesco et al., 1998]. In fact, culturing
HL-60 cells in Mg-restricted media can influ-
ence growth rate and mimic patterns of gran-
ulocytic differentiation [Covacci et al., 1998].

To explore the consequences of Mg redistri-
bution previously observed in differentiated
HL-60 cells [Wolf et al., 1998], we have studied
the effect of extracellular Mg on TopoII activity
and expression. TopoII is a potentially ideal
target for regulation by intracellular Mg, for at
least two major reasons. First, TopoII activity
requires Mg as an essential cofactor both for

allosteric DNA cleavage and catalytic enzyme-
mediated ATPase reaction [Osheroff, 1987].
Second, as mentioned before, because both To-
poII expression and intracellular Mg distribu-
tion undergo substantial changes during the
cell maturation process [Ellis and Zwelling,
1994; Wolf et al., 1998; Di Francesco et al.,
1998].

We present data demonstrating that TopoII
activity decreases on mild extracellular Mg re-
striction to 0.03 mM Mg but returns to control
levels after reintroduction of Mg (0.5 and 1.5
mM) into the culture medium. Severe extracel-
lular Mg restriction to 0.01 mM causes a more
pronounced reduction in TopoII activity simi-
lar to that observed in HL-60 cells induced to
differentiate by DMSO treatment. Such de-
crease in TopoII enzyme activity is associated
with a significant increase of immunodetect-
able protein levels, which is correlative with
the severity of Mg depletion.

MATERIALS AND METHODS

Cells, Media, and Incubation Condition

Human promyelocytic HL-60 cells were
grown as suspension cultures in RPMI 1640
(Bio Wittaker) supplemented with 10% fetal
calf serum (FCS) (Biological Industries), at
37°C in 5% CO2 plus air atmosphere. Mg-
restricted medium was prepared with a Mg-
free RPMI 1640 (Gibco), supplemented with
dialyzed FCS according to Maguire [1988], to
which the proper amount of MgSO4 was added
to obtain the desired Mg concentration. HL-60
cells referred to as 0.03 mM Mg cells were
grown in medium supplemented with 0.03 mM
Mg and used the 7th day after subculture;
HL-60 referred to as 0.01 mM Mg cells were
obtained by subculturing cells adapted to 0.03
mM Mg in 0.01 mM Mg containing medium,
and were used on the 4th day of culture. HL-60
cells were induced to differentiate to neutro-
phil granulocytes by culturing the cells in a
medium containing 1.3% DMSO for 7 days.

Determination of Apoptosis

HL-60 cells grown in the presence of varying
concentrations of Mg were treated for 5 h with
10 mM etoposide (VP16) (Sigma) and/or 5 mM
teniposide (VM26) (Schering Plough). Quanti-
tative determination of apoptosis was per-
formed by fluorescence microscopy on acridine
orange–stained cells by scoring for morpholog-
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ical features of nuclear pyknosis and chroma-
tin condensation. At least 300 cells were
counted for each condition. Double-blind exam-
ination was routinely performed. Oligonucleo-
somal DNA fragmentation was assessed by
conventional gel electrophoresis after 5-h
treatment with 10 mM VP16, according to
Kaufmann [1989] with slight modifications.
Briefly, cells were suspended in lysis buffer (10
mM Tris, 10 mM EDTA, 0.5% Triton X, pH 7.4)
and incubated at 4°C for 30 min. After ultra-
centrifugation for 20 min, the supernatant con-
taining small-molecular-weight DNA frag-
ments was transferred to a new tube and was
treated with RNAase (400 mg/ml) for 1 h at
37°C followed by ProteinaseK (400 mg/ml) for
1–2 h at 37°C. DNA was then precipitated and
loaded onto a 2% agarose gel containing 10
mg/ml ethidium bromide. DNA from 5 3 105

cells was loaded into each lane. Gels were pho-
tographed under ultraviolet light Polaroid-type
667 films.

Covalent DNA/Topoisomerases Complex
Formation in Intact Cells

Cells were cultured at approximately 1 3 106

cells/ml and labeled overnight with 0.6 mCi/ml
[methyl-3H] thymidine (6.70 Ci/mmol, NEN
Dupont) and 0.2 mCi/ml [U-14C] leucine (54.0
mCi mmol, Amersham). Cells were then har-
vested by centrifugation, washed, counted, re-
suspended in fresh medium, and exposed to 10
mM VP16 or 5 mM camptothecin (CPT) for 1 h.
At the end of incubation, each sample was di-
vided into 0.5-ml aliquots and transferred to
microfuge tubes. After removal of supernatant,
cell pellets were lysed in 1 ml warm (65°C) stop
buffer [1.25% sodium dodecyl sulfate (SDS), 5
mM EDTA (pH 8.0), 0.4 mg/ml salmon sperm
DNA]. Cell lysates were passed 20 times
through a 22-gauge syringe needle, heated for
15 min at 65°C, and buffer supplemented with
112 ml of 1 M KCl, vortexed for 10 s, and incu-
bated on ice for 10 min. The tubes were then
centrifuged at 12,000 g for 10 min at 4°C. The
pellets were heated at 65°C in 1 ml washing
buffer (pH 8.0) (10 mM Tris-HCl , 100 mM KCl,
1 mM EDTA, 0.1 mg/ml salmon sperm DNA),
incubated on ice, and centrifuged at 10,000 g
for 5 min at room temperature. The washing
procedure was repeated three times. The pel-
lets were finally dissolved in 0.5 ml water at
65°C, transferred into vials containing 4.5 ml
of Ultima Gold scintillation cocktail (Packard),

and the amount of radioactivity was deter-
mined. Data are expressed as 3H-thymidine
incorporated into DNA (dpm) normalized for
14C-leucine incorporation as internal control
for each sample, or as 3H-DNA/14C-protein ra-
tio, reported as fold increase from basal counts
of untreated cells.

Topoisomerase II Decatenating Activity

Decatenating activity of HL-60 cells nuclear
extracts was assayed using kinetoplast DNA
(kDNA) from Crithidia fasciculata (Topogen
Inc.) after serial dilution of the same amount of
nuclear proteins, following the protocol de-
scribed in Aoyama et al. [1999].

Topoisomerase Immunoblotting

Cell lysate obtained in RIPA buffer (425 mM
NaCl, 50 mM Tris-buffer, 1% NP-40, 0.5% deoxy-
cholate, 0.1% SDS, 10 mM 2b-mercaptoethanol,
pH 8.0) were run on a sodium dodecyl-
sulphate polyacrylamide gel electrophoresis
(SDS-polyacrylamide gel electrophoresis),
transferred to a nitrocellulose membrane,
and exposed to antibodies specific for TopoI
and TopoII (a and b) isoforms. A secondary
antibody coupled with peroxidase was used to
detect TopoI protein bands by chemilumines-
cence. Another 125I-labeled secondary anti-
body was used for recognition and quantifi-
cation of TopoII protein bands.

Protein were assayed by the Bradford assay
using bovine serum albumin as a standard.

Data are presented as mean 6 standard er-
ror indicated by vertical bars. When vertical
bars are not visible, they fall into the symbols.
Statistical analyses have been performed by an
unpaired Student’s t test, with significance be-
ing considered when P , 0.05.

RESULTS AND DISCUSSION

Drug-Induced Apoptosis

To investigate the role of Mg in the regula-
tion of TopoII activity in vivo, we studied the
apoptotic response to specific TopoII inhibitors,
etoposide (VP16) and teniposide (VM26), in
HL-60 cells cultured under Mg restriction or
induced to differentiate by treatment with
DMSO. The apoptotic response observed under
these conditions was assumed as an indirect
measure of TopoII activity. Figure 1A shows
that DMSO-treated cells were virtually resis-
tant to apoptosis induced by VP16 and VM26.
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In cells cultured at an extracellular level of
0.03 or 0.01 mM Mg, apoptosis induced by ei-
ther drug was reduced by about 40% and 80%
as compared to control cells, respectively. In
the case of cells cultured in 0.01 mM Mg, resis-
tance to apoptosis was similar to that observed
in DMSO-treated cells. Because etoposide-
induced cell death requires ongoing DNA syn-
thesis, differences in the cell cycle distribution
between control and HL-60 cells grown in the
presence of decreasing concentration of Mg
could compromise the interpretation of the re-
sults. We have previously shown that cells
grown under 0.03 mM Mg displayed a cell cycle
distribution similar to control cells whereas
cell grown under 0.01 mM Mg had a cell cycle
distribution similar to DMSO-differentiated
cells [Covacci et al., 1998]. Thus, concerning
sensitivity to TopoII inhibitors, HL-60 cells
grown under 0.03 mM Mg are comparable to
control cells, whereas cells grown under 0.01 mM
Mg are comparable to DMSO-differentiated
HL-60 cells. It is concluded that the differences
in drug-induced apoptosis observed in cells
grown under restricted Mg concentration are
specifically caused by the availability of the

cation. Apoptosis was also studied by the typi-
cal nucleosomal ladder of DNA fragmentation,
which was evaluated after 5 h incubation of
control and 0.03 mM Mg cultured cells with 10
mM VP16 (Fig. 1B). The gel obtained after this
treatment shows a significant decrease of DNA
internucleosomal fragmentation in the 0.03
mM Mg cells (lane 4 versus lane 2), confirming
data on apoptosis obtained by morphological
evaluation.

To correlate the degree of Mg deficiency to
the magnitude of apoptosis, we performed ex-
periments by increasing Mg concentration in
the incubation medium during the exposure of
HL-60 cells to the drugs. As shown in Figure 2,
extracellular Mg did not influence the amount
of apoptotic nuclei in cells that had been grown
under control conditions. Although the addi-
tion of 0.5 or 1.5 mM Mg had no appreciable
effect on cells cultured in 0.01 mM Mg, it re-
stored the apoptotic response of cells cultured
in 0.03 mM Mg to levels observed in control
cells. Taken together, these data suggest that
HL-60 cells cultured by restricting extracellu-
lar Mg levels exhibit a reduced susceptibility to

Fig. 1. Drug-induced apoptosis in HL-60 cells. A: Morpho-
logic assessment of apoptotic nuclei in control, Mg-deprived,
and DMSO-treated HL-60 cells after treatment with VP16 (10
mM) and VM26 (5 mM). Further technical details are given in
the Materials and Methods section. Vertical bars indicate the
standard errors from the mean of six different experiments.

B: Agarose gel analysis of DNA oligonucleosomal fragmenta-
tion in control and 0.03 mM Mg cells after 5-h incubation with
10 mM VP16. M: molecular weight standard Lanes 1 and 2:
control cells minus and plus VP16, respectively. Lanes 3 and 4:
0.03 mM Mg cells minus and plus VP16.
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apoptosis induced by TopoII inhibitors. Thus,
inhibition of TopoII activity by Mg restriction
is a key factor of apoptotic response. Further-
more, these data suggest analogies between
Mg deficiency and differentiation-induced de-
crease of TopoII activity. In fact, cells cultured
in 0.01 mM Mg exhibit the same resistance to
drug-induced apoptosis as observed with
DMSO-differentiated cells, which are known to
exhibit a significant downregulation of TopoII
[Del Bino et al., 1994; Solary et al., 1993].

Before our present study on Mg, the only
evidence for TopoII regulation by intracellular
cations was obtained in HL-60 cells in which
Ca was chelated by treatment with 1,2-bis-(2-
aminophenoxy)ethane-N,N,N9,N9-tetraacetic
acid acetoxymethyl ester. Under those condi-
tions, a decrease of TopoII activity was evi-
denced by reduced formation of DNA/TopoII
cleavable complexes, associated with a hypo-
phosphorylation of the enzyme [Ganapathi et
al., 1996; Aoyama et al., 1998].

In principle, Ca and Mg might influence
the apoptotic process by activating endo-

nucleases rather than by modulating TopoII
[Zhivotovsky et al., 1994; Patel et al., 1994].
This does not appear to be involved in our
study, because increasing extracellular Mg
from 0.03 to 1.5 mM during treatment with
drug did not influence the apoptotic response
of cells grown in normal (0.5 mM) Mg me-
dium (Fig. 2). This behavior led us to con-
clude that Mg deprivation acts upstream of
endonuclease-mediated internucleosomal frag-
mentation.

The observation that extracellular Mg re-
stores apoptosis in 0.03 mM but not in 0.01
mM Mg cells also suggests that severe Mg
deprivation may have broader effects similar
to cell differentiation induced with DMSO.
Indeed, we have previously shown that
HL-60 cells treated with DMSO or grown in
0.01 mM cultured HL-60 share similarities
that are not confined to the apoptotic re-
sponse to TopoII inhibitors (e.g., morphologic
differentiation, expression of surface anti-
gens, increased oxidative burst) [Covacci et
al., 1998].

Fig. 2. Effect of extracellular Mg on drug-induced
apoptosis in HL-60 cells. Morphologic assessment of
apoptotic nuclei in control and Mg-deprived HL-60
cells after 5-h treatment with VP16 (upper panel) and
VM26 (lower panel) in different extracellular Mg
concentrations. Data are mean 6 standard error of
six separate experiments.
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DNA/Topoisomerase Complex Formation

To further investigate the role of Mg depri-
vation on TopoII activity, we evaluated the for-
mation of drug-stabilized DNA/TopoII com-
plexes, which are considered highly indicative
of TopoII activity in intact cells. Figure 3 shows
the effect of Mg depletion on VP16-stabilized
DNA/TopoII cleavable complex formation. Af-
ter 2 days of culture in 0.03 mM Mg, cells
showed reduced formation of TopoII/DNA com-
plexes. This reduction is even more pronounced
after 4 days (P , 0.005 versus starting value).
Prolonged cell culture in Mg-deficient medium
did not decrease the formation of DNA/TopoII
complexes any further (see also Fig. 3). The
progressive reduction of VP16-stabilized DNA/
TopoII complex formation strongly suggests
that TopoII DNA cleavage activity is inhibited
by Mg depletion.

In Figures 1 and 2, we have shown that cells
cultured in 0.03 mM Mg are more resistant to
VP16- and VM26-induced apoptosis and that
such response is reverted by increasing extra-
cellular Mg. To further confirm that this is
caused by TopoII activity, we measured DNA/
TopoII cleavable complex formation under the
same experimental conditions. The results in
Figure 4 show that in control cells, DNA/TopoII
complexes are not affected by extracellular Mg
concentration during VP16 treatment. In con-
trast, 0.03 mM Mg cells respond to the addition
of extracellular Mg by increasing complex for-

mation up to the same levels as observed in
control cells. Thus, apoptosis and DNA/TopoII
complex formation are dependent on Mg avail-
ability, reinforcing the concept that Mg is in-
volved in the regulation of TopoII activity.

In contrast to TopoII, the regulation of To-
poI, which acts on a single DNA strand, is
independent from Mg [Black and Cowan,
1995]. To further validate our results, we ran
similar experiments using CPT instead of
VP16 to assess DNA/TopoI cleavable complex
formation. In this case, the levels of DNA/TopoI
complexes were not modified by extracellular
Mg concentration both in control and in 0.03
mM Mg cells (data not shown), further confirm-
ing the specificity of the effect of Mg on regu-
lation of TopoII.

TopoII Catalytic Activity

To establish whether the decrease in DNA/
TopoII cleavable complex formation was
caused by a loss of TopoII catalytic activity, we
determined the ability of nuclear extracts from
control and Mg depleted cells to decatenate
kinetoplast DNA. This assay requires the ad-
dition of excess Mg (10 mM) in the reaction
mixture [Aoyama et al., 1999]. As shown in
Figure 5, no significant difference was ob-
served between the decatenation activity of
control and Mg-deprived cells. This result
clearly indicates that the ability of TopoII to
decatenate DNA is maintained, after cell cul-

Fig. 3. DNA/TopoII cleavable complex
formation of HL-60 cells cultured for differ-
ent periods in 0.03 mM Mg. Cells were
treated with 10 mM VP16 for 1 h and DNA
cleavable complexes were determined by
the SDS-KCl method (see Materials and
Methods for further details). Data are ex-
pressed as 3H-thymidine radioactivity
(dpm) of precipitated DNA. Data are
mean 6 standard error of four different ex-
periments. *P , 0.005 versus control cells.
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ture in Mg-deficient medium, provided that Mg
is present in the assay mixture. Thus, TopoII
functions related to apoptosis and to drug-
stabilized complex formation are affected by
Mg availability, but not the decatenation activ-
ity tested in vitro.

TopoII Expression in Cells Cultured Under
Mg Restriction

To better understand the mechanism
whereby extracellular Mg can influence TopoII
activity, we evaluated the enzyme expression
by Western blot analysis of protein extracts

from HL-60 cells cultured under varying levels
of extracellular Mg. As shown in Figure 6, the
expression of both TopoII b and a isoforms
increased proportionally with the extent of Mg
restriction. Densitometric analysis indicated
that HL-60 cells cultured in 0.03 and 0.01 mM
Mg displayed a twofold and threefold increase
of TopoII protein levels, respectively. Con-
versely, Mg deprivation did not influence the
protein levels of TopoI, which is not dependent
on Mg for activity. Thus, the correlation be-
tween Mg availability and activity but not pro-
tein levels of TopoII was observed. The overex-

Fig. 5. Decatenating activity of nu-
clear protein extracts derived from
HL-60 cells cultured under Mg restric-
tion (see Materials and Methods sec-
tion for technical details). Serial dilu-
tion (from 4–128) of an equal amount
of nuclear proteins was challenged
with 200 ng kinetoplast DNA (K), and
samples were electrophoresed in aga-
rose gel.

Fig. 4. Effect of extracellular Mg on DNA/
TopoII complex formation in control and 0.03
mM Mg HL-60 cells. Cells were treated with 10
mM VP16 for 1 h in the presence of different
extracellular Mg concentrations, and DNA
cleavable complexes were determined by the
SDS-KCl method. Data are expressed as fold-
increase over untreated cells and are mean 6
standard error of four different experiments.
*P , 0.05 versus cells cultured in 0.03 mM Mg.
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pression of TopoII a and b but not of TopoI
previously observed in HL-60 cells induced to
differentiate by all-trans retinoic acid (RA),
was attributed to decreased protein degrada-
tion. In the same study, TopoII b was sug-
gested to play a role in the transcription of
genes potentially involved in differentiation
[Aoyama et al., 1999]. This study also demon-
strated that drug-induced apoptosis was shown
to decrease significantly in differentiated cells,
independent of differences in TopoII protein
expression. Our present findings confirm and
extend those results, showing that Mg-
deprivation can strongly inhibit apoptosis in
spite of concomitant increase in the protein
levels of TopoII. These data suggest that To-
poII protein levels may be increased in an at-
tempt to compensate for reduced Mg availabil-
ity and consequent loss of enzyme activity.
Whether Mg deficiency regulates TopoII levels
at transcriptional or posttranscriptional levels
remains to be established. Nonetheless, the ob-
servation that Mg deprivation has the same
effect as RA-induced differentiation lends sup-
port to our hypothesis that Mg homeostasis
may be a key determinant of differentiation
[Covacci et al., 1998].

The mechanism(s) wherein extracellular Mg
restriction can influence TopoII activity has
been proposed in our previous studies on Mg
homeostasis in undifferentiated and neutrophil-
like HL-60 cells, where we showed that Mg de-
privation triggers a decrease in total cell Mg,
leading to redistribution of intracellular Mg
from the bound to the free form, which resem-

bles that observed in cells differentiated with
DMSO [Covacci et al., 1998; Wolf et al., 1998].
Thus, the decrease of TopoII activity observed
in cells grown under Mg deficiency implies that
Mg-requiring enzymes may undergo functional
inactivation, resulting in modification of re-
lated biological processes. The time-dependent
decrease in DNA/TopoII complex formation
supports this interpretation, as well as the abil-
ity of Mg supplementation to restore the forma-
tion of such complexes (cf. Figs. 3 and 4). The
mechanism(s) whereby Mg influences TopoII ac-
tivity remain unresolved at the present time.
Mg can interact with TopoII directly by pro-
moting DNA cleavage reaction or by affecting
enzyme ATPase activity. Alternatively, Mg can
act indirectly by influencing the DNA tertiary
structure. Mg might also influence TopoII phos-
phorylation by acting in concert with or antag-
onistic to calcium ions. Clearly, further studies
are needed to delineate the pathophysiologic
changes that can mimic these conditions.

In conclusion, this work demonstrates for the
first time that in vivo TopoII levels and activity
are influenced by manipulating extracellular
Mg availability. Based on these findings, we
propose that changes in intracellular Mg, in-
duced by physiologic receptor-mediated stim-
uli, may contribute to the regulation of cell
differentiation and programmed death.
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