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Abstract Promyelocytic leukemia (PML) nuclear bodies are important components of nuclear architecture that
are functionally linked to aberrant gene expression and disease. To understand the mechanisms that modify subnuclear
distribution and regulatory activities of PML domains in leukemia, we performed immunofluorescence microscopy with
a panel of normal diploid cells and established cell lines. We analyzed the representation and intranuclear distribution
of PML domains. We find that multiple biological parameters contribute to heterogeneity in the subnuclear organiza-
tion of PML domains in a broad spectrum of cell types. The subnuclear organization of PML domains was also
evaluated following transient transfection with a series of vectors expressing normal hematopoietic and leukemia-
related transcription factors. Our results show that expression of a chimeric transcription factor encoded by the tumor
related chromosomal translocation (8;21) involving the AML1 and ETO loci is sufficient to cause reorganization of PML
domains. This finding increases our understanding of the mechanisms by which the AML1/ETO protein may contribute
to modified gene expression linked to the onset and progression of t(8;21) related acute myelogenous leukemia. J. Cell.
Biochem. 79:103–112, 2000. © 2000 Wiley-Liss, Inc.
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The interrelationships between nuclear
structure and function are important to the
regulation of gene expression. Evidence is ac-
cumulating that intranuclear distribution of
genes and regulatory factors is critical to tran-
scriptional and post-transcriptional control
[Stein et al., 1998; Berezney and Wei, 1998].
When regulatory factors or genes are targeted
inappropriately, altered gene expression may
result in development of disease. Changes in
nuclear structure are hallmarks of cancer cells
[Nickerson, 1998].

As a nuclear matrix-associated structure,
promyelocytic leukemia (PML) nuclear bodies
may be prognostic indicators of alterations in

nuclear architecture that are related to aber-
rant gene expression and disease. PML nuclear
bodies are discrete subnuclear foci that range
in size from 0.1 to 1 mm in size. These domains
have been referred to as nuclear bodies (NB),
Kr-bodies, ND10, and PML oncogenic domains
(PODs) [Ascoli and Maul, 1991; Lamond and
Carmo-Fonseca, 1993; Dyck et al., 1994]. PML
bodies are disrupted in acute promyelocytic
leukemia (APL) [Dyck et al., 1994; Weis et al.,
1994; Koken et al., 1994] in which a t(15;17)
translocation is present that fuses PML to the
retinoic acid receptor alpha (RARa) gene [de
The et al., 1991; Goddard et al., 1991]. The
PML nuclear bodies are restored by treatment
with retinoic acid which also leads to clinical
remission through restored promyelocyte dif-
ferentiation [Dyck et al., 1994; Weis et al.,
1994; Koken et al., 1994]. However, APL may
also result from the expression of other RARa
fusion proteins, including PLZF-RARa, NPM-
RARa, and NuMA-RARa, that do not exhibit
altered PML nuclear bodies [Hodges et al.,
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1998]. Aberrations in nuclear structure/
function are not limited to cancer, but are also
observed in neurodegenerative disorders. For
example, spinocerebellar ataxia type 1 (SCA-1)
results from the expression of the mutant
ataxin-1 protein containing an expanded poly-
glutamine repeat. The expression of this mu-
tant ataxin-1 protein leads to the formation of
large aggregates that result in abnormal local-
ization of the PML protein [Skinner et al.,
1997]. Aggregation of mutant ataxin-1, how-
ever, is not required for disease development
[Klement et al., 1998]. The observed changes in
PML bodies are important indicators of altered
gene expression accompanying progression of
disease [Seeler and Dejean, 1999].

Numerous proteins are associated with PML
nuclear bodies. It was initially proposed that
PML nuclear bodies may function as dynamic
storage or waste accumulation sites for nuclear
proteins (nuclear depots or nuclear dumps).
These storage sites may represent concentra-
tions of proteins in an inactive state that are
dispersed to other sites in response to an ap-
propriate signal [reviewed in Maul, 1998]. Re-
cent studies support an active role for PML
nuclear bodies in numerous nuclear functions
including gene regulation, cell growth, differ-
entiation, apoptosis, and viral infection [re-
viewed in Seeler and Dejean, 1999]. The pro-
myelocytic leukemia protein (PML) [de The et
al., 1991; Goddard et al., 1991; Kakizuka et al.,
1991] is a tumor suppressor protein [Mu et al.,
1994; Liu et al., 1995; Mu et al., 1996], a reg-
ulator of MHC expression [Zheng et al., 1998],
and is involved in apoptosis [Quignon et al.,
1998; Wang et al., 1998]. The Sp100 protein,
which was first identified using auto-immune
antibodies present in primary biliary cirrhosis,
is also consistently present in PML nuclear
bodies [Szostecki et al., 1990]. Other proteins
found associated with PML nuclear bodies in-
clude Daxx [Yang et al., 1997; Li et al., 2000],
the recQ helicase (BLM) [Neff et al., 1999], and
NDP55 [Ascoli and Maul, 1991]. In addition,
two proteins that are components of an
ubiquitin-related pathway reside in PML nu-
clear bodies. One of these, designated PML in-
teracting clone (PIC1)/small ubiquitin-related
modifier (SUMO-1)/ubiquitin-like protein-1
(UBL-1)/Sentrin [Boddy et al., 1996], plays a
role in modifying PML and targeting to the
PML nuclear bodies [Muller et al., 1998]. The
second ubiquitin pathway-related factor present

in PML nuclear bodies is the herpes simplex-
associated ubiquitin-specific protease (HAUSP),
a member of a family of proteins that removes
ubiquitin adducts from proteins and protects
them from degradation by the ubiquitin-
proteasome pathway [Everett et al., 1997].

Because altered subnuclear organization of
PML domains has been functionally linked to
deregulation of gene expression during tumor-
igenesis, it is important to understand the
mechanisms that modify intranuclear distribu-
tion and regulatory activities of PML domains.
In this study, we show that expression of a
chimeric transcription factor encoded by a sin-
gle tumor related chromosomal translocation,
(8;21), involving the AML1 (RUNX1)1 and ETO
loci, is sufficient to cause a reorganization of
the PML domains. Our data provide novel in-
sight into the mechanisms by which the AML1/
ETO protein may contribute to the onset and
progression of leukemia.

MATERIALS AND METHODS

Cell Culture, Transient Transfections,
and Plasmids

SaOS-2, HeLa, C2C12, and IMR90 cells were
acquired from the American Tissue Culture
Collection (ATCC). ROB d7 cells were derived
from rat calvarial osteoblasts. Human osteo-
blasts (i.e., HOB-04T8, HOB-03-CE10, HOB-
03-CE6) were kindly provided by Barry Komm
and Peter Bodine (Wyeth-Ayerst Research,
Radnor, PA) [Prince et al., submitted]. Marrow
cells transformed with v-myc (MLB13-myc
clone 14 and MLB13-myc clone 17) were kindly
provided by Vicky Rosen (Genetics Institute,
Cambridge, MA) [Rosen et al., 1994]. C2C12,
HeLa, and MLB13-MYC (clone 14 and clone
17) cells were maintained at 37°C in DMEM
medium supplemented with 10% (v/v) fetal bo-
vine serum (FBS). SaOS-2 cells were main-
tained at 37°C in McCoy’s 5A medium supple-
mented with 15% FBS. IMR90 cells were
maintained at 37°C in BME medium supple-
mented with 10% FBS. HOB 03-CE6, HOB 03-
CE10, and HOB-04T8 cells were maintained at
34°C in phenol red-free DMEM/F-12 medium
containing 10% heat-inactivated FBS. ROB
cells were grown at 37°C in MEM medium sup-

1The nomenclature committee of the Human Genome Or-
ganization has recently designated the AML1 locus as
RUNX1.
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plemented with 10% fetal calf serum (FCS). All
cells were maintained in the presence of 1%
(v/v) Penicillin-Streptomycin and 2 mM
L-glutamine. Cells were plated on 0.5%
gelatin-coated coverslips (Fisherbrand, #12-
545-101, 22cir-1; Fisher, Pittsburgh, PA) in six-
well tissue culture plates at a density of 0.2 3
106 cells/well. SaOS-2 cells were grown approx-
imately 18 h after plating on coverslips in the
McCoy’s 5A supplemented with 15% FBS. Cell
density was approximately 50% at the time of
transfection. SaOS-2 cells were transfected us-
ing Superfect as described by the manufacturer
(Qiagen, Valencia, CA). Transfection condi-
tions were optimized to achieve low levels of
expression by limiting the amount of expres-
sion vector and Superfect reagent. Optimiza-
tion of the Superfect procedure included using
250 ng of expression vector and 5 ml of Super-
fect reagent per well. Cells were processed for

immunofluorescence 48 h following transfec-
tion as described below. Epitope-tagged DNA
constructs used were HA-AML1, HA-AML1/
ETO, and Flag-ETO [Zeng et al., 1997; Meyers
et al., 1995; Meyers and Hiebert, 1995; Lutter-
bach et al., 1998].

Cell Extraction, Fixation, and
Immunofluorescence Microscopy

Cells were processed for nuclear matrix in-
termediate filament (NMIF) as described pre-
viously [McNeil et al., 1998]. PBS-A (PBS con-
taining 0.5% bovine serum albumin) was used
to block non-specific antibody binding, as the
wash solution, and for antibody dilution, un-
less otherwise indicated. Antisera were as fol-
lows: a rabbit polyclonal antiserum to the HA
epitope was diluted 1/1,000 (Santa Cruz Bio-
technology, Santa Cruz, CA #SC805); a mouse
monoclonal antibody to the FLAG-epitope was

Fig. 1. Immunofluorescence staining of PML protein in various cell types reflects the heterogeneity of PML
domains. Various cell types were analyzed by immunostaining of the nuclear matrix intermediate filament (NMIF)
preparations and PML domains were detected using a mouse anti-PML primary antibody and a Texas red conjugated
secondary antibody (shown in black and white).
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diluted 1/1,000 (Kodak, #IB13010 or Sigma
#F3165); a mouse monoclonal antibody to hu-
man PML was diluted 1/1000 (Santa Cruz Bio-
technology, #SC966); and a rabbit polyclonal to
the ETO protein was diluted 1/500 (kindly pro-
vided by Scott Hiebert, Vanderbilt University,
Nashville, TN). Diluted antibody was added as
a 50 ml drop to coverslips in wells, covered
lightly with Parafilm, and incubated for 1 h at
37°C or overnight at 4°C. Coverslips were
rinsed four times with PBS-A and secondary
antibody was added. Secondary antibody was
goat anti-rabbit IgG conjugated to fluorescein
or Texas Red or donkey anti-mouse IgG conju-
gated to fluorescein or Texas Red (Jackson Im-
munoresearch Laboratories, West Grove, PA)
diluted 1/500, added to coverslips, and incu-
bated 1 h at 37°C. Following incubation cover-
slips were rinsed four times with PBS-A; once

with PBS-A containing 0.1% Triton X-100 and
0.05 mg per ml of the DNA counterstain DAPI;
1 time with PBS-A containing 0.1% Triton
X-100; and twice in PBS. Coverslips were
mounted in Vectashield (Vector Laboratories,
Burlingame, CA) as an antifade mounting me-
dia. A Zeiss Axioplan 2 microscope equipped
with epifluorescence filters and a CCD camera
interfaced with the MetaMorph Imaging Sys-
tem (Universal Imaging Corporation, West
Chester, PA) was used for analysis.

RESULTS AND DISCUSSION

Multiple Biological Parameters Contribute to
Heterogeneity in the Subnuclear Organization

of PML Domains

The number of PML nuclear bodies reflects
structural and functional properties of nuclear

TABLE IA. Distribution of PML Nuclear Bodies

Cell type Species

Average
number

(SD) Range Comments
Reference for
PML index

HEp2 Human 12.2 (3.2) 7–21 Epidermoid carcinoma, larynx
cell line

Ascoli and
Maul, 1991

WI38 Human 10.1 (4.2) 4–24 Normal embryonic lung
fibroblast cell line

Ascoli and
Maul, 1991

Fibroblast — 26.4 (4.1) 6–40 — Ascoli and
Maul, 1991

Keratinocyte — 8.5 (2.9) 4–17 — Ascoli and
Maul, 1991

Melanocyte — 14.9 (4.4) 6–23 — Ascoli and
Maul, 1991

MCF-7 Human 14.6 (4.4) 4–40 Breast adenocarcinoma cell
line

Ascoli and
Maul, 1991

HeLa Human 10 — Epitheloid cervical carcinoma
cell line

Cho et al.,
1998

MCF-7 Human 10 — Breast adenocarcinoma cell
line

Cho et al.,
1998

ML-2 Human 16 — Myeloid leukemia cell line Gordon et
al., 2000

AML-Dx Human 8.4 1–20 Peripheral blood monocytes
from AML patienta

Gordon et
al., 2000

ALL-Dx Human 5.2 1–6 Peripheral blood monocytes
from ALL patientb

Gordon et
al., 2000

ALL-CR Human 2.2 1–3 Peripheral blood monocytes
from ALL patient in
remissionc

Gordon et
al., 2000

Normal Human 2.6 1–3 Normal peripheral blood
monocytesd

Gordon et
al., 2000

aPeripheral blood monocytes collected from a 30-year-old male AML patient, monosomy 10 and 21, at time of diagnosis.
bPeripheral blood monocytes collected from a 20-year-old female ALL patient, del(9;p21), at time of diagnosis.
cSame as in “b” with patient at time of remission.
dPeripheral blood moncoytes collected from a control individual without hematologic/oncologic disorders.
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architecture and varies significantly under dif-
ferent biological conditions (Table I, Fig. 1).
PML domains were visualized in various cell
types by immunofluorescence staining of nu-
clear matrix intermediate filament (NMIF)
preparations with monoclonal antibodies against
PML protein. Primary rat osteoblasts (ROB, d7),
which are normal diploid cells derived from ex
vivo cultures of rat calvarial tissue, exhibited a
limited number of PML bodies. Similar results
were obtained by Cho et al. [1998], who ob-
served modest numbers of PML domains in
many normal fetal and adult tissues. Consis-
tent with previous results (Table IA), many
established cell lines (C2C12, IMR90, HeLa,
and SaOS-2), including both normal and tumor
derived cells, were observed to have between
five and 25 PML nuclear bodies (Table IB).
Interestingly, several SV40 T-antigen trans-
formed (HOB-04T8, HOB-03-CE10, and HOB-
03-CE6) and v-MYC transformed cell lines
(MLB-13-MYC-clone 14, and MLB-13-MYC-
clone 17) contain a much greater number of
PML nuclear bodies (Table IB). In general, we
observed higher numbers of PML nuclear bod-
ies in transformed cell lines than in other cell
lines. One conclusion that emerges from our
findings and those of others is that there is no
strict correlation between PML organization
and a single biological parameter (Table I).
Thus, it appears that multiple biological fac-
tors contribute to the intranuclear distribution
of PML domains.

PML nuclear bodies may be increased by
many different biological events and by physi-
ological mediators of gene expression. For ex-
ample, Cho et al. [1998] have reported that the
number and size of PML bodies is increased in
malignant neoplasms relative to benign tu-
mors and normal tissues. These authors also
observed increased PML body staining in sex
hormone related normal tissues (endometrium
and myometrium). Hormonal changes in the
uterine endometrium and mammary epithelial
cells were observed to be associated with size
variation in nuclear bodies [Padykula et al.,
1981; Fitzgerald and Padykula, 1983]. Cho et
al. [1998] observed that the number of PML
bodies was increased in MCF7 cells treated
with 17-hydroxy-b-estradiol, but not in hor-
mone insensitive cells (MDA-MB-231). PML
nuclear bodies are dispersed following heat
shock or heavy metal exposure and redistrib-
uted to a great number of sites throughout the
nucleus [Maul et al., 1995]. Viral infection with
Herpes simplex virus-1 [Maul et al., 1993], hu-
man cytomegalovirus [Kelly et al., 1995; Kori-
oth et al., 1996], or Adenovirus 5 [Carvalho et
al., 1995; Doucas et al., 1996; Ishov and Maul,
1996] also results in dispersal of PML nuclear
bodies. Interferon induced upregulation of
PML and Sp100 result in increases in both size
and number of PML nuclear bodies [Lavau et
al., 1995; Grotzinger et al., 1996]. These studies
indicate that tumorigenesis, hormone-signaling
pathways, stress factors, viral infection, and

TABLE IB. Distribution of PML Nuclear Bodies

Cell type Species
Average
number Range Number Comments

HOB-04T8 Human — 40–49a 5 ts, SV40 T-antigen tranformed
osteoblast

HOB-03-CE10 Human — 180–195a 5 ts, SV40 T-antigen tranformed
osteoblast

HOB-03-CE6 Human — 150–175a 5 ts, SV40 T-antigen tranformed
osteoblast

MLB13-MYC(Clone 14) Mouse — 110–125a 5 ts, v-myc transformed marrow
cells

MLB13-MYC(Clone 17) Mouse — 90–110a 5 ts, v-myc transformed marrow
cells

C2C12 Mouse — 10–12a 5 Normal diploid myoblast
ROB d7 Rat — 6–8a 5 Primary osteoblast
SAOS-2 Human 5.8 1–18b 575 Osteogenic sarcoma
HeLa Human 19 5–34b 75 Epitheloid cervical carcinoma
IMR90 Human 22 5–39b 75 Normal diploid fetal lung

aThe number of PML nuclear bodies was determined by counting and comparing several planes of a z-series.
bThe number of PML nuclear bodies was determined by counting all of the PML nuclear bodies in nuclei.
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anti-viral agents all contribute to altered sub-
nuclear organization of PML domains.

Genetic Abnormalities Present in Some
Leukemias May Alter the Subnuclear

Distribution of PML Domains

Apart from pleiotropic mediators of biologi-
cal activity, reorganization of PML subnuclear
domains has been observed in leukemic cells as
a direct consequence of chromosomal translo-
cations of the PML locus. For example, the
PML-RARa fusion generated by the t(15;17)

translocation in acute promyelocytic leukemia
(APL) alters PML domains in a retinoic acid
reversible manner [Dyck et al., 1994; Weis et
al., 1994; Koken et al., 1994]. More recently,
Gordon et al. [2000] observed that the number
of PML nuclear bodies in hematopoietic cells
are increased in both acute lymphocytic leuke-
mia (ALL) and acute myelogenous leukemia
(AML) patients at the time of diagnosis (Table
IA). During remission of the disease the ALL
patient had a normal number of PML nuclear
bodies in peripheral blood monocytes. Neither

Fig. 2. Expression of the AML1/ETO fusion protein modifies
NM-associated subnuclear organization of PML domains. The
subnuclear distribution of PML bodies was analyzed in SaOS-2
cells transfected with either epitope tagged AML1 protein iso-
form AML1B, AML1/ETO, or ETO expression constructs. We
determined the number of PML bodies present in expressing
cells as compared to non-expressing cells. Left: AML1 (top),
AML1/ETO (middle), and ETO (bottom) were detected using
antibodies specific for epitope tags or the ETO protein and
visualized using a fluorescein isothiocyanate conjugated sec-
ondary antibody detected as a green fluorescent signal. Center:
PML domains were visualized using a mouse anti-PML primary

antibody and a Texas red conjugated secondary antibody that is
detected as a red fluorescent signal. Right: Merged images are
shown. Far right: The PML images, shown in the center panel,
were inverted in Adobe Photoshop and shown in black and
white to improve visualization of PML bodies outside the focal
plane. We observed that the average number of PML bodies is
similar in both non-expressing and AML1 expressing cells. In
contrast, this number increases in both AML1/ETO and ETO
expressing cells. These results suggest that PML bodies are
reorganized in response to AML1/ETO or ETO expression. Scale
bar 5 10 mm).
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ALL nor AML patients had a translocation of
the PML locus, suggesting that rearrangement
of the PML locus is not the only factor affecting
PML domain distribution. Thus, genetic le-
sions present in leukemias other than APL re-
sult in altered subnuclear distribution of PML
domains.

The acute myelogenous leukemia transcrip-
tion factor AML1 is a key regulator of hemato-
poiesis [Okuda et al., 1996; Wang et al., 1996].
Numerous cytogenetic abnormalities that in-
volve the genes encoding AML1 or its partner
CBFb have been identified in acute myeloge-
nous leukemia and acute lymphocytic leuke-
mia [Speck et al., 1999; Lutterbach et al., 2000;
Speck and Stacy, 1995; Meyers and Hiebert,
1995; Meyers et al., 1995; Sawyers, 1997; Row-
ley, 1984]. The most frequently occurring
translocation [Koeffler, 1987; Schiffer et al.,
1989; Tashiro et al., 1992], t(8;21), produces a
chimeric protein (AML1/ETO) in which the
C-terminus of AML1 is replaced by the unre-
lated ETO (MTG8) protein [Erickson et al.,
1992; Miyoshi et al., 1991, 1993; Kozu et al.,
1997; Le et al., 1998]. The AML1/ETO fusion
protein encoded by the (8;21) chromosomal

translocation lacks a nuclear matrix targeting
signal that directs the AML1 protein to distinct
gene regulatory sites within the nucleus [Zeng
et al., 1997]. We previously reported that sub-
stitution of the multifunctional C-terminus of
AML1 with the chromosome 8-derived ETO
protein precludes targeting of the factor to
AML1 subnuclear domains. Instead, the
AML1/ETO fusion protein is redirected by the
ETO component to alternate nuclear matrix-
associated foci [McNeil et al., 1999].

To determine whether AML1/ETO may af-
fect other aspects of nuclear organization, we
analyzed the subnuclear distribution of PML
bodies in human osteosarcoma cells (SaOS-2)
transfected with epitope-tagged AML1, AML1/
ETO, or ETO expression constructs (Fig. 2).
The transfected cells were allowed to express
the fusion protein and recover from the trans-
fection for 48 h. We processed the transfected
cells to retain the nuclear matrix intermediate
filament (NMIF) fraction. PML domains and
epitope tags were visualized by immunofluo-
rescence staining with monoclonal antibodies
against PML protein or polyclonal antibodies
against the epitope tags. The number of PML
bodies present in transfected cells was deter-
mined and compared to untransfected cells. At
least 100 transfected and untransfected cells
were counted for each expression construct. We
noted that the transfection procedure appeared
to result in a modest and transient increase in
the number of PML nuclear bodies within the
first 18 h after transfection (data not shown).
However, this procedural effect subsided by the
time of our analysis (48 h).

SaOS-2 cells expressing AML1 consistently
exhibited the same number of PML bodies as
non-expressing cells from the same experi-
ments (Fig. 3; Table II). In contrast to AML1
expressing cells, we observed a significant in-
crease in the average number of PML domains
and the proportion of cells with an increased
number of PML bodies (greater than six) in
cells expressing AML1/ETO proteins (Fig. 3;
Table II). Similar to AML1/ETO expressing
cells, analysis of ETO expressing cells also
reveals an increase in the average number of
PML bodies, as well as the fraction of cells
with many PML bodies. Not all expressing
cells display an altered number of PML bod-
ies. Values in Table II show an increase in
the average number of PML bodies but the
range of values did not change. No obvious or

Fig. 3. The proportion of cells containing more than six PML
bodies per nucleus is changed in response to expression of
AML1/ETO or ETO, but not AML1. The bar graph illustrates the
increased frequency of a higher than average number of PML
bodies per nucleus in cells expressing AML1/ETO or ETO rel-
ative to control cells or cells expressing AML-1. Open bars
represent the percentage of cells with zero to six PML bodies
per nucleus and solid bars represent the percentage of cells
with greater than six PML bodies per nucleus. The average
number of PML bodies in the control cell population was
approximately six.
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consistent effect on size of PML bodies was
observed for any of the expression constructs.
Thus, in SaOS-2 cells, over-expression of
AML1/ETO and ETO, but not AML1 results
in subtle modifications of subnuclear organi-
zation. Hence, aberrant expression of the
ETO moiety present in the AML1/ETO fusion
protein appears to be responsible for alter-
ations in the subnuclear organization of PML
domains. Although many factors may alter
PML nuclear body distribution (see Table I),
we demonstrate that expression of a single
fusion protein may result in altered nuclear
organization as reflected by the increased
number of PML nuclear bodies.

Concluding Remarks

The t(8;21) chromosomal lesion is the most
frequently observed genetic abnormality in
acute myelogenous leukemia [Speck et al.,
1999]. The t(8;21) encoded AML1/ETO fusion
protein interferes with normal hematopoietic
differentiation by interfering with AML1 de-
pendent gene regulation [Lutterbach et al.,
2000]. Recent data from our laboratory indi-
cate that the fusion of the ETO protein with
AML1 causes misdirection of the AML1 tran-
scription factor to subnuclear foci distinct from
those containing the wild-type protein [McNeil
et al., 1999]. Thus, apart from abrogating fidel-
ity in the normal molecular mechanisms that
regulate AML1 responsive genes, the t(8;21)
lesion perturbs intranuclear trafficking of the
AML1 transcription factor. The main finding of
this study is that expression of the t(8;21) re-
lated AML1/ETO protein also perturbs the sub-
nuclear organization of PML domains. We con-
clude that alterations in molecular mechanisms
and subnuclear organization of regulatory fac-
tors may contribute to the onset and progres-
sion of acute myelogenous leukemia.
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