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Genistein is a bioflavonoid enriched in soy products. However, high levels of maternal soy consumption
have been linked to the development of infant leukemia ALL and AML. The majority of infant leukemia is
linked to mixed lineage leukemia gene (MLL) translocations. Previous studies have implicated topoisomer-
ase Il (Top2) in genistein-induced infant leukemia. In order to understand the roles of the two Top2 iso-
zymes in and the molecular mechanism for genistein-induced infant leukemia, we carried out studies
in vitro using purified recombinant human Top2 isozymes, as well as studies in cultured mouse myeloid
progenitor cells (32Dc13) and Top2 B knockout mouse embryonic fibroblasts (MEFs). First, we showed that
genistein efficiently induced both Top2a and Top2 B cleavage complexes in the purified system as well as in
cultured mouse cells. Second, genistein induced proteasomal degradation of Top2f in 32Dc13 cells. Third,
the genistein-induced DNA double-strand break (DSB) signal, y-H2AX, was dependent on the Top2p iso-
zyme and proteasome activity. Fourth, the requirement for Top2 and proteasome activity was mirrored
in genistein-induced DNA sequence rearrangements, as monitored by a DNA integration assay. Together,
our results suggest a model in which genistein-induced Top2p cleavage complexes are processed by protea-
some, leading to the exposure of otherwise Top2 B-concealed DSBs and subsequent chromosome rearrange-
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ments, and implicate a major role of Top2p and proteasome in genistein-induced infant leukemia.

© 2010 Elsevier Inc. All rights reserved.

1. Introduction

Genistein is a natural bioflavonoid (isoflavone) mostly found in
soy-based foods. Genistein exhibits cancer-chemopreventive and
antitumor activities, as well as anti-oxidant, anti-inflammatory
and anti-in vitro angiogenesis effects [1-3]. However, clinical stud-
ies have suggested a strong link between a prior exposure to die-
tary bioflavonoids including genistein and infant leukemia. It was
demonstrated that maternal consumption of bioflavonoid-rich
foods led to an approximately 10-fold higher risk of infant acute
myelogenous leukemia (AML) [4,5].

Infant leukemia is frequently associated with chromosome
translocations involving the mixed lineage leukemia 1 (MLL) gene
[6]. It has been estimated that up to 80% of infant acute lympho-
blastic leukemia (ALL) and 65% of infant AML are linked to MLL
translocations [7]. These translocations can take place in utero
and are associated with poor prognosis, especially in infant ALL
[5]. Interestingly, MLL translocations are also hallmarks of more
than 70% of t-AML (therapy-related acute myelogenous leukemia)
associated with topoisomerase II (Top2)-based chemotherapy in
cancer patients [8]. Mapping of chromosomal breakpoints of MLL
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translocations has revealed the clustering of breakpoints within
an 8.3 kb region of the human MLL gene, known as the breakpoint
cluster region (BCR) [8]. The genomic breakpoints in infant leuke-
mia and t-AML tend to co-localize with Top2 cleavage sites, sug-
gesting a possible link between infant leukemia and Top2 [8,9].
Genistein is known to induce Top2-linked DNA breaks (Top2
cleavage complexes) [3]. There are two human Top2 isozymes,
Top2o and Top2f, that share 70% sequence identity [10]. Top2o
has been suggested to function in cell cycle events such as DNA rep-
lication and chromosome condensation/segregation [11], whereas
Top2p has been shown to be involved in transcription [12-15]. Re-
cent studies have shown that cancer chemotherapeutic drugs that
target Top2 poison both Top2a and Top2p [10]. It has been sug-
gested that Top2a targeting (poisoning) is primarily responsible
for the antitumor activity of these drugs while Top2p targeting
could lead to secondary malignancies such as (Top2 drug) ther-
apy-related acute myelogenous leukemia (t-AML) [16]. Since geni-
stein is a Top2-targeting compound, we envision that genistein may
induce infant leukemia through poisoning of the Top2p isozyme.
Previous studies have demonstrated that the induction of DNA
double-strand breaks (DSBs) by Top2-targeting drugs characteristi-
cally requires the proteasome activity [17]. It has been shown that
Top2-targeting drugs induce preferential degradation of the Top2
isozyme (Top2p down-regulation) in various cells, leading to the
exposure of the otherwise Top2-concealed DSBs [16,17]. It has
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been proposed that Top2B down-regulation is the underlying
mechanism for Top2 drug-induced DNA sequence rearrangements
and carcinogenesis [16].

In the present study, we have tested the role of Top2p and pro-
teasome in genistein-induced DSBs and chromosome rearrange-
ments. Our results suggest that proteasomal processing of
genistein-induced Top2p cleavage complexes results in DSB forma-
tion and DNA sequence rearrangements, thus implicating an
important role of Top2B and proteasome in genistein-induced
MLL translocations and infant leukemia.

2. Materials and methods

2.1. shRNA-mediated knockdown of Top2p in 32Dc13 mouse myeloid
progenitor cells

The Control (Ctrl) or Top2 shRNA sequences were selected
using the Whitehead Institute siRNA selection program (http://jur-
a.wi.mit.edu/bioc/siRNAext/) and the corresponding oligo duplex
DNAs were cloned into a LentiLox 3.7 vector with an inserted neo-
mycin-resistant gene. Standard procedures were then followed to
generate stable Top2f- or control-knockdown 32Dc13 cells lines.

2.2. Top2-mediated DNA cleavage assay
The Top2 cleavage assay was performed as described [18].
2.3. Measurement of plasmid integration frequency

For measuring the plasmid integration frequency in MEFs, pro-
cedures were followed as previously described [19]. For measuring
the plasmid integration frequency in 32Dc13 cells, 2 x 106 cells
were seeded 24 h prior to the experiment. Treatment and transfec-
tion were performed as described [19]. Six hours post-transfection,
cells were washed three times, replenished with fresh medium and
incubated for additional 24 h to allow the expression of the blastic-
idin resistance gene. Cells were then trypsinized and cultured in
methylcellulose (Methocult® 3134 medium) in RPMI/IL3 medium
supplemented with blasticidin (3 pg/ml). A small aliquot of cells
were also cultured in the absence of blasticidin for survival deter-
mination. After 10 days, blasticidin-resistant colonies were counted
by the IPI MiniCount colony counter. Plasmid integration frequency
was determined as the ratio of the number of blasticidin-resistant
colonies and the number of surviving cells (number of colonies
without blasticidin selection times the dilution factor). The average
and standard error of mean were then calculated and plotted.

2.4. Top2B down-regulation

To determine genistein- or VP-16-induced Top2p down-regula-
tion, procedures were followed as described previously [17,20].

2.5. Band depletion assay
To determine the level of drug-induced intracellular Top2 cleav-

age complexes, the band depletion assay was performed as previ-
ously described [16].

3. Results

3.1. Genistein induces Top2 cleavage complexes and proteasomal
degradation of Top2p (Top2B down-regulation)

As shown in Fig. 1A, genistein, like VP-16 (a prototypic Top2
poison), induced both Top2a and Top2B-mediated DNA cleavage

in a concentration-dependent manner, most certainly reflecting
the formation of cleavage complexes with the two Top2 isozymes
(Fig. 1A, note the disappearance of the full length DNA (labeled **)
and the appearance of the cleaved DNA fragments (labeled *)). Rel-
ative to VP-16, genistein appeared to be slightly more effective in
inducing Top2p- than Top2o-mediated DNA cleavages. While VP-
16 induced comparable levels of Top2a- and Top2p-mediated
DNA cleavages (lanes 3-8 and lanes 17-22), genistein could induce
more extensive Top2B-mediated DNA cleavages as compared to
Top2a-mediated DNA cleavages at all concentrations of genistein
being tested (lanes 9-14 and lanes 23-28). We also tested whether
genistein could induce Top2 cleavage complexes in cells. As shown
in Fig. 1B, genistein, like VP-16, caused depletion of both Top2a
and Top2p immunobands within 15 min of treatment as evidenced
by a band depletion assay [16], suggestive of the formation of Top2
cleavage complexes (too large to enter the gel due to the large size
of the Top2-DNA covalent complexes). As expected for reversible
Top2 cleavage complexes [21], genistein- (as well as VP-16-) in-
duced depletion of both Top2a and Top2f immunobands was lar-
gely abolished following replenishing the cells with drug-free
medium and further incubation for 30 min (Fig. 1B, labeled
Rev + genistein and Rev + VP-16), demonstrating the reversibility
of genistein-induced Top2 cleavage complexes.

The formation of Top2 cleavage complexes (e.g. induced by VP-
16) is known to trigger degradation of Top2f through a protea-
some-dependent pathway (Top2B down-regulation), resulting in
the exposure of the otherwise Top2p-concealed DSBs [17]. To test
whether genistein could also induce Top2B down-regulation, the
Top2p protein levels were monitored in genistein-treated 32Dc13
hematopoietic progenitor cells. As shown in Fig. 1C, genistein
(500 uM) treatment reduced the Top2f level by about 50% in 2 h.
By contrast, the level of Top2a did not change significantly upon
genistein treatment. In addition, genistein-induced Top2p degrada-
tion was prevented by co-treatment with the proteasome inhibitor
MG132 (Fig. 1C). These results suggest that similar to VP-16, gen-
istein could induce Top2B down-regulation through a proteasome-
dependent pathway.

3.2. Genistein-induced DNA double-strand breaks (DSBs) require
Top2p and proteasome

Previous studies have linked VP-16-induced Top2f down-regu-
lation to the formation of DSBs [16,17]. Since our studies have
demonstrated that genistein induces Top2f down-regulation, we
tested the possibility that genistein could induce DSBs in a protea-
some-dependent manner. As shown in Fig. 1C, genistein, like
VP-16, induced y-H2AX (phosphorylation of histone H2AX at
Ser-139, a prototypic DSB marker) in 32Dc13 cells, suggesting that
genistein could induce DSBs. Interestingly, genistein-induced DSBs,
like VP-16-induced DSBs, were significantly reduced in the pres-
ence of the proteasome inhibitor MG132, suggesting that geni-
stein-induced DSBs requires proteasome activity. We also tested
the possibility that genistein-induced DSBs require Top2f. As
shown in Fig. 2A, genistein induced y-H2AX in Top2p*/*, but not
in Top2p~/~, MEFs. As a positive control, we showed that VP-16-in-
duced y-H2AX also required Top2 (Fig. 2A). By contrast, campto-
thecin (CPT), a Topl (topoisomerase I)-targeting drug, induced
v-H2AX independent of Top2p (Fig. 2A). Together, these results
suggest that genistein-induced DSBs, like VP-16-induced DSBs,
require both proteasome and Top2p.

VP-16-induced Top2p cleavage complexes have been suggested
to arrest transcription, triggering proteasomal degradation of
Top2B and concomitant exposure of the Top2B-concealed DSBs
[17]. To determine whether genistein-induced DSBs also specifi-
cally involves active transcription, we tested the effect of the
transcription inhibitor DRB and the protein synthesis inhibitor
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Fig. 1. Induction of Top2 cleavage complexes and Top2f down-regulation by genistein. (A) Genistein induces Top2a- and Top2p-mediated DSBs in vitro. VP-16 (0 uM (lanes 2
& 16), 3.13 uM (lanes 3 & 17), 6.25 uM (lanes 4 & 18), 12.5 uM (lanes 5 & 19), 25.0 pM (lanes 6 & 20), 50.0 M (lanes 7 & 21), 100 pM (lanes 8 & 22)) and genistein (0 pM
(lanes 2 & 16), 3.13 uM (lanes 9 & 23), 6.25 uM (lanes 10 & 24), 12.5 uM (lanes 11 & 25), 25.0 uM (lanes 12 & 26), 50.0 uM (lanes 13 & 27), 100 uM (lanes 14 & 28)) were
incubated with 32P-labeled linearized plasmid DNA in the presence of purified recombinant hTop2a: (lanes 1-14) or hTop2p (lanes 15-28) as described in Section 2 (DNA
cleavage assay). **Full length 32P-labeled linearized plasmid DNA; *Cleaved DNA fragments. DNA cleavage products were then analyzed by agarose gel electrophoresis,
followed by autoradiography. (B) Genistein traps both Top2a and Top2p cleavage complexes in mouse 32Dc13 progenitor cells. The amounts of genistein-induced Top2a and
the Top2p cleavage complexes were measured by the band depletion assay. 32Dc13 cells, expressing both Top2 isozymes were treated with genistein (100, 250 or 500 uM) or
VP-16 (250 pM) for 15 min, followed by lysis in 6X sample buffer. Cell lysate were then analyzed by SDS-PAGE and immunoblotted with isozyme-specific antibodies. This
assay measures the levels of free Top2 isozymes in the lysate as trapping on DNA leads to the decreased free Top2 levels. To demonstrate the reversibility of genistein- and
VP-16-induced Top2 cleavage complexes, drug-treated cells were further incubated in drug-free medium for an additional 30 min, followed by immunoblotting analysis. (C)
Mouse 32Dc13 progenitor cells, expressing both Top2 isozymes, were treated with genistein (500 uM) or VP-16 (100 uM) for 0 and 2 h in the absence or presence of the
proteasome inhibitor MG132 (10 uM). Cells were then lysed in alkaline lysis buffer followed by neutralization and S7 nuclease digestion. After SDS-PAGE, the amount of the

Top2 isozymes was measured by immunoblotting.

cycloheximide (CHX) on the induction of genistein-induced DSB
signal, y-H2AX. As shown in Fig. 2B, genistein-induced y-H2AX
in Top2p*™* MEFs was also largely prevented by the transcription
inhibitor DRB (Fig. 2B), but not by the protein synthesis inhibitor
cycloheximide (Fig. 2C). Additionally, we showed that the require-
ment for active transcription and proteasome in DSB induction by
genistein and VP-16 was specific since the induction of y-H2AX by
hydrogen peroxide (H,0,) was not affected by neither the protea-
some inhibitor MG132 nor the transcription inhibitor DRB (Fig. 2B).
It indicated that in contrast to Top2-mediated DNA damage, reac-
tive oxygen species (ROS)-induced DNA damage did not involve
transcription or proteasome-mediated processing. Furthermore,
we have showed that while N-acetyl cysteine (NAC, 1 mM) could
almost completely block the H,0,-induced y-H2AX signal, it had
minimal effect on the genistein- or VP-16-induced y-H2AX signal
(Fig. 2D). These results further suggested that genistein could in-
duce DNA damage through a mechanism that did not involve ROS.

3.3. Genistein-induced DNA sequence rearrangements are Top2f- and
proteasome-dependent

Genistein is known to induce chromosome translocations
involving the MLL locus in CD34" hematopoietic progenitors [22].

However, the molecular basis for genistein-induced rearrange-
ment, other than the involvement of DSBs, is not clear. Since gen-
istein induces Top2B- and proteasome-dependent DSBs, we
hypothesize that genistein-induced chromosome translocations
could result from DSBs generated from the proteasomal processing
of Top2B cleavage complexes. To test the possible involvement of
Top2p and proteasome in genistein-induced chromosome translo-
cations, we employed the plasmid integration assay that measures
the integration frequency of a plasmid-born resistance gene into
chromosomal DNAs in order to score DNA sequence rearrangement
events induced by genistein. To test the involvement of Top2p, we
have generated stable Top2p knockdown and control-knockdown
32Dc13 lines expressing Top2f shRNA (shTop2f) and control
shRNA (shCtrl), respectively. Immunoblotting analysis showed that
32Dc13-shTop2p cells expressed much reduced level of Top2p as
compared to 32Dc13-shCtrl cells (Fig. 3A, inset). As shown in
Fig. 3A, genistein (100 pM) stimulated plasmid integration at a
much higher frequency in 32Dc13-shCtrl cells than in 32Dc13-
shTop2p cells. A similar trend of decrease in plasmid integration
frequency was also observed for VP-16 (0.5 pM). We have also em-
ployed plasmid integration assay using SV-40-transformed Top2p*/*
and Top2p~/~ MEFs. As shown in Fig. 3B, genistein-stimulated
plasmid integration was much less frequent in Top2p~/~ cells as
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Fig. 2. Genistein-induced DNA damage signal is Top2p- and proteasome-dependent
in primary MEFs. (A) Primary Top2p*/* and Top2~/~ MEFs were treated with 25 uM
CPT, 10 pM VP-16 and or increasing concentrations of genistein (25, 50, 100 uM) for
1 h, followed by lysis in 6 x SDS sample buffer and immunoblotted with antibodies
against y-H2AX and o-tubulin. (B) The genistein-induced y-H2AX signal requires
proteasome activity and transcription. Primary Top2B*”* MEFs were treated with
MG132 (10 uM) or DRB (150 uM) for 30 min, followed by co-treatment with VP-16
(10 uM), genistein (100 pM) or hydrogen peroxide (H,0,, 400 uM) for 1 h. Western
blotting was performed as described in (A). (C) Genistein-induced y-H2AX does not
require protein synthesis. Primary Top2p”* MEFs were treated with cycloheximide
(CHX, 10 uM) for 30 min, followed by co-treatment with VP-16 (10 uM), genistein
(100 uM) or hydrogen peroxide (H,0,, 400 uM) for 1h. Western blotting was
performed as described in (A). (D) N-acetyl cysteine had no effect on the genistein-
induced DNA damage. Primary Top2p** MEFs were treated with 0.1% DMSO or
1 mM N-acetyl cysteine (NAC) for 30 min, followed by co-treatment with genistein
(20 pM, 100 pM), VP-16 (10 uM) or H»0, (100 pM, 500 uM) for 2 h. Western
blotting was performed as described in (A).

compared to Top2p** cells. Together, these results suggest
strongly that Top2p plays an important role in genistein-, and
VP-16-, induced DNA sequence rearrangements.

We next tested the role of proteasome in genistein-induced
chromosome rearrangements using the plasmid integration assay.
As shown in Fig. 4B, co-treatment with the proteasome inhibitor
MG132 during transfection led to a greater than 2-fold decrease
in genistein-stimulated plasmid integration frequency, similar to
that observed for VP-16 (this study and also see Ref. [16]). These
findings are in agreement with the model that proteasomal pro-
cessing of Top2B cleavage complexes exposes Top2p-concealed
DSBs, leading to chromosome rearrangements.

4. Discussion

Previous studies have demonstrated that genistein-induced
chromosomal DNA cleavages as well as chromosome translocations
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Fig. 3. Genistein-induced plasmid integration is Top2p and proteasome-mediated.
(A) Mouse 32Dc13 progenitor cells expressing control shRNA (shCtrl) or Top2B
shRNA (shTop2p) were transfected with linearized pUCSV-BSD plasmid in the
presence of DMSO (0.1%), VP-16 (0.5 uM) or genistein (100 uM) as indicated.
Plasmid integration frequency was then determined and plotted as histograms. (B)
SV40-transformed Top2p*/* and Top2p~/~ MEFs were transfected with the linear-
ized pUCSV-BSD plasmid in the presence of DMSO (0.1%), VP-16 (0.5 uM) or
genistein (10 or 20 uM) as indicated. In addition, similar transfections were also
performed in the presence of the proteasome inhibitor MG132 (2 uM). Plasmid
integration frequencies were then determined.

involve the MLL BCR [9,22]. These genistein-induced DNA cleavages
and chromosome translocations have been suggested to result from
genistein-trapped Top2 cleavage complexes within the MLL BCR
[8,23,24]. However, the relative contribution of the two Top2 iso-
zymes (i.e. Top2a and Top2p) as well as the mechanism for process-
ing Top2 cleavage complexes into DSBs, in genistein-induced
chromosome translocations is unknown. Studies of etoposide
(VP-16)-induced carcinogenesis in the classical mouse skin carcino-
genesis model have suggested that etoposide-induced skin carcino-
genesis is primarily Top2B-mediated [16]. It has been suggested
that etoposide behaves as a stage Il tumor promoter, presumably
by promoting DNA sequence rearrangements [17]. The predomi-
nant role of the Top2p isozyme in etoposide-induced carcinogene-
sis could suggest that the Top2p isozyme may be involved in
genistein-induced MLL translocations and infant leukemia.

In the current studies, we show that genistein-induced DNA se-
quence rearrangements in murine myeloid progenitor D32¢13 cells
and MEFs require both Top2f and the proteasome activity.
Although genistein can induce the formation of both Top2a and
Top2B cleavage complexes in these cells, the strong dependence
on Top2p rather than Top2a for genistein-induced DNA sequence
rearrangements is most likely related to the differential cellular
processing of Top2f and Top2a cleavage complexes. It is known
that Top2B cleavage complexes are more readily converted into
DSBs than Top2a cleavage complexes through a proteasome-
dependent pathway [16,17]. Indeed, we have shown that
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Fig. 4. A proposed model for genistein-induced DNA sequence rearrangements and
infant leukemia. In this model, genistein stabilizes Top2B-DNA covalent adducts
(Top2p cleavage complex) on chromosomal DNA within the transcribed regions.
Top2p cleavage complexes arrest transcription elongation, triggering Top2 degra-
dation through a proteasome-dependent pathway. Proteasomal degradation of
Top2p cleavage complexes expose Top2B-concealed DSBs. Subsequent repair of the
DSBs through the non-homologous end joining pathway (NHE]) leads to DNA
sequence rearrangements. DSBs located within MLL BCR can undergo NHE] leading
to MLL translocations and hence infant leukemias.

genistein-induced DSBs are both Top2B- and proteasome-depen-
dent. Consequently, while genistein induces both Top2a and Top2
cleavage complexes to a similar extent, genistein-induced DNA
sequence rearrangements are Top2B-dependent, presumably due
to the propensity of Top2B cleavage complexes to undergo prote-
asomal processing into DSBs (see Fig. 4 for a schematic model).
The difference between the two Top2 isozymes in mediating cel-
lular responses to the Top2-targeting drugs is probably related to
their differential regulation and distinct roles in various cellular
functions. Top2a is known to be a proliferation marker and partic-
ipate in cell cycle events such as DNA replication, chromosome con-
densation and sister-chromatid segregation [11]. It seems possible
that the chemopreventive and antitumor activities of genistein
could at least in part result from its targeting of the Top2o isozyme.
Top2a cleavage complexes induced by genistein could selectively
kill tumor cells due to elevated levels of Top2a and hence elevated
Top2a cleavage complexes in tumor cells. By contrast, the Top2
isozyme is expressed more or less at a constant level in both prolif-
erating and quiescent cells [11], and has been implicated in regula-
tion of gene expression, presumably by controlling regional

chromatin condensation/decondensation [13,25]. Top2p has been
shown to localize in the transcribed regions of human rDNA repeats
[26], as well as the promoter and transcribed regions of protein-
coding genes [13]. As genistein-induced MLL translocations occur
within the transcribed region of the MLL gene (i.e. the MLL BCR)
and the transcribed regions of the various MLL partner genes, it
seems plausible that the initial step may involve trapping of Top2p
into cleavage complexes within the transcribed regions of both MLL
(e.g. BCR) and its partner genes. The Top2B-DNA covalent adducts
(cleavage complexes) then arrest the elongating RNA polymerase
complexes, triggering proteasomal degradation of Topp-DNA cova-
lent adducts and concomitant exposure of otherwise Top2B-con-
cealed DSBs. The initial formation of genistein-induced DSBs
could have at least two outcomes; first, these DSBs may directly un-
dergo NHE] resulting in chromosomal translocations (e.g. MLL
translocations). Second, these DSBs could induce apoptosis, result-
ing in activation of apoptotic nucleases (e.g. CAD) and the formation
of secondary DSBs at nuclease hypersensitive sites (e.g. the MLL
BCR). These DSBs formed at nuclease hypersensitive sites, which
are reflected in the formation of high-molecular-weight DNA frag-
mentations [27-29], can also undergo NHE] causing chromosomal
translocations (e.g. MLL translocations at MLL BCR). Clearly, the
possible involvement of CAD in genistein-induced MLL transloca-
tions and infant leukemia needs further investigation.

Although the concentration of genistein used in our studies
seems to be much higher than the peak plasma concentration as
determined previously (8 pmol/L [30]), it is possible that the intra-
cellular accumulation of genistein may reach much higher levels. In
addition, our in vitro studies have shown that genistein could induce
Top2p-mediated DNA cleavages at concentrations as low as 3.13,
6.25 and 12.5 uM (Fig. 1A, lanes 23-25). These results could suggest
that genistein may induce low levels of chromosome breaks at
physiologically achievable concentrations in vivo. Although unde-
tectable by biochemical methods, these low levels of chromosome
breaks at specific chromosomal regions (e.g. the MLL BCR) could
contribute to chromosome translocations and infant leukemia.

5. Conclusions

In the present study, we have tested the role of Top2p and pro-
teasome in genistein-induced DSBs and chromosome rearrange-
ments. We show that genistein, like other Top2 drugs, induces
proteasomal degradation of Top2p. In addition, we show that gen-
istein-induced DNA damage and sequence rearrangements are
Top2p-mediated and can be prevented by co-treatment with the
proteasome inhibitor MG132. These results suggest that proteaso-
mal processing of genistein-induced Top2p cleavage complexes re-
sults in DSB formation and DNA sequence rearrangements, thus
implicating an important role of Top2p and proteasome in geni-
stein-induced MLL translocations and infant leukemia.
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