
I
nterest in acute promyelocytic leukemia
(APL), the M3 subtype of the French-
American-British (FAB) classification of

acute myeloid leukemias, has recently grown
enormously because of its paradigmatic behav-
ior with respect to three distinct and unique
features: i) accumulation in the bone marrow
of tumor cells blocked at the promyelocytic
stage of myeloid maturation; ii) association in
100% of cases with specific translocations
which always involve chromosome 17. This
molecular hallmark places APL among the rare

tumors characterized by an invariable associa-
tion with a specific cytogenetic lesion, the only
other example to date being chronic myeloge-
nous leukemia (CML) and its characteristic
9;22 translocation; iii) the exquisite sensitivity
of APL blasts to the differentiating action of
retinoic acid (RA). From this point of view APL
has become the paradigm for therapeutic
approaches utilizing differentiating agents (dif-
ferentiation therapy for cancer), since APL
patients undergo complete, albeit transient,
clinical remission if treated with RA.1,2
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ABSTRACT
Acute promyelocytic leukemia (APL) is a distinct subtype of myeloid leukemia that in the USA

and Italy alone affects more than 3,000 individuals every year. APL is characterized by three distinct
and unique features: i) accumulation in the bone marrow of tumor cells with promyelocytic fea-
tures; ii) invariable association with specific translocations which always involve chromosome 17
and the retinoic acid receptor a (RARa) locus; iii) exquisite sensitivity of APL blasts to the differen-
tiating action of retinoic acid (RA). From this point of view APL has become the paradigm for thera-
peutic approaches utilizing differentiating agents. The last five years have been crucial for the
understanding of the molecular basis of APL. RARa translocates in 99% of cases to a gene located
on chromosome 15 that we initially named myl and is now known as PML. In a few cases RARa
variably translocates to chromosome 11, where it fuses to the PLZF gene or to a gene, also on 11,
which has not yet been characterized. In addition, RARa is also found translocated to chromosome
5, where it fuses to the NPM gene. The cloning of variant translocations in APL and comparative
analysis of their associated products is crucial for the understanding of the molecular etiopathogen-
esis of the disease. Functional analysis of the various fusion proteins as well as RARa partners is
revealing strikingly common features beneath a misleading structural heterogeneity which unravels
a possible unifying molecular mechanism towards APL leukemogenesis.
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APL is, in the majority of patients, associated
with a reciprocal translocation between chro-
mosome 15 and chromosome 17 (Figure 1).3-6

At the molecular level the breakpoint on chro-
mosome 17 lies within the retinoic acid receptor
a (RARa) locus. The breakpoints on chromo-
some 15 cluster within a locus originally called
myl and now named PML (for promyelocytic
leukemia7-10 (Figure 2). The importance of the
identification of this gene rearrangement for the
diagnosis and monitoring of APL has already
been analyzed in this Journal.11

In a few cases, the translocation involves chro-
mosome 11 instead of chromosome 15 and a
newly identified gene named promyelocytic
leukemia zinc finger (PLZF).12,13

In only 2 cases described so far the trans-
location has involved chromosome 5 and the
nucleophosmin gene (NPM) (ref. #14 and our
unpublished results). The common feature of the
3 translocations is the involvement of chromo-
some 17 and the RARa locus. As a consequence
of the translocation two fusion genes are pro-
duced, and, at least in the t(15;17) and t(11;17)

Figure 1. 15;17 translocation detect-
ed by FISH on bone marrow inter-
phase cells from an APL patient with
a chromosome 17 painting probe. A.
Normal cell with both chromosomes
17 in their relaxed configuration
shows two stained areas. B. An APL
blast in which three distinct hybridiz-
ing areas are visible: the larger area
is the normal chromosome 17, the
two smaller areas represent the 17q-
and 15q+ chromosomes 17. 
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Figure 2. Molecular genetics of APL.
A. Schematic representation of RARa,
PML, PLZF and NPM proteins. RARa
is designated with hatched lines sub-
divided into its conserved functional
domains. The various functional
regions of PML, PLZF and NPM are
represented by different patterns. P
designates proline-rich regions, S/P
designates proline-serine rich
regions. DI is the PML dimerization
interface. The breakpoints where the
3 genes are fused to RARa are indi-
cated by the black arrowheads and
phosphorylation sites in PML and
NPM are designated by asterisks. The
9 zinc fingers of PLZF are represented
by checked circles. MBD in the NPM
scheme denotes the potential metal
binding domain, and the 2 boxes
numbered 1 and 2 indicate acidic
amino acid clusters. B. Schematic
representation of the various fusion
proteins generated by the three vari-
ant translocations. Symbols are as
before. C. Schematic representation
of the reciprocal fusion proteins. The
existence of the putative RARa/NPM
fusion molecule has not been report-
ed and this is denoted by the (?). A, B
and C are not drawn to scale.

A B



cases, both of these are transcribed into their
respective fusion proteins (Figure 2). 

Very recently a new and as yet uncharacterized
case of APL was reported in which once again
RARa translocates to chromosome 11 but not
to the PLZF locus (Table 1).15

RARa
RARs are members of the super family of

nuclear hormone receptors that are involved in
fundamental biological processes such as devel-
opment and differentiation.16-19 They act as lig-
and inducible transcriptional activators which
are able to recognize and bind to retinoic acid
responsive elements (RAREs) located in the pro-
moter/enhancer regions of RA-responsive
genes.20 In addition to the RARs, a second class
of nuclear retinoid receptors, RXRs, exist.21,22

These are able to heterodimerize with RARs and
other nuclear receptors in order to facilitate
their binding to RAREs (in the case of RARs)
and the other response elements.21,23,24 Three RA
isomers, 13-cis-RA, all-trans-RA and 9-cis-RA,
have been identified as ligands for RARs, where-
as the RXRs bind only the 9-cis isomer with
high affinity.25

RARa isoforms are the predominant RAR
expressed in hemopoietic cells.26 Recently it has
been shown that HL60 myeloid cells are ren-
dered unresponsive to the differentiating activi-
ty of RA by a mutation in the RARa gene.27 The
resistance is overcome by transfecting the wild
type RARa cDNA.28 In addition, a dominant
negative form of RARa introduced into multi-
potent murine FDCPmix A4 cells can cause a

switch in their differentiation program from the
neutrophil/monocyte lineage to that of baso-
phil/mast cell.29 These findings implicate RARa
in the control of normal differentiation of
myeloid cells. However, it has also been found
that mice lacking all RARa isoforms do not
show any remarkable disturbance of hemo-
poiesis and that other forms of RARs or RXRs
can restore RA-induced differentiation of RA
resistant HL60 cells.30,31

PML, PLZF and NPM gene structure and
nuclear localization

PML is a member of a family of proteins
which share a novel zinc finger binding motif
termed RING, and one or two additional
Cys/His-rich regions (B-Boxes) followed by a
predicted coiled-coil domain.32-34 This family
contains genes with no apparent functional sim-
ilarity, although some of them are transcription
factors and two other members (T18/HPRR and
RFP) are, like PML, found to be involved in
oncogenesis as fusion proteins.35-37 Recently, a
RING finger domain has been identified in the
breast cancer susceptibility gene BRCA1, with
one of the identified predisposing mutations
resulting in a deletion of the RING finger.38,39

The RING and B-Boxes are located at the PML
N-terminal end, followed by an a-helical
domain, a coiled-coil region and, at its C-termi-
nal end, a serine/proline-rich region where PML
is phosphorylated. No clear function has yet
been attributed to PML RING and B-box
domains, and at present no experimental evi-
dence that those regions have DNA binding
capacities is available.40,41 The coiled-coil region is
responsible for the formation of stable PML
homodimers.42 The RING finger, B-boxes and
coiled-coil domains are retained in all 13 PML
isoforms identified so far.43 PML is a nuclear
phosphoprotein which is detectable as part of
structures associated with the nuclear matrix
called nuclear bodies (NBs) or PML oncogenic
domains (PODs).44-47 PML is not rigidly confined
to the NBs, but represents a protein with the
capacity to shuttle between the nucleus and the
cytoplasm (ref. #48, #49 and our unpublished
results).
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Table 1. Occurrence of variant translocations in APL. PML and RARa are

involved in 99% of cases. In a few cases RARa translocates and fuses to
either PLZF, NPM or a gene on chromosome 11 which has not yet been
characterized.

Translocation Frequency Genes involved

t(15;17) 99.9% PML (15); RARa (17)

t(11;17) 6 cases PLZF (11); RARa (17)

t(11;17) 1 case Uncharacterized gene (11); RARa (17)

t(5;17) 2 cases NPM (5); RARa (17)
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The function of these NBs is unclear. There is
evidence that a number of proteins associated
with specific metabolic activities, such as pre-
mRNA processing and DNA replication, show
specific localization to certain subnuclear
domains. The small nuclear ribonucleoprotein
particles (snRNPs), which are the major sub-
units of spliceosomes, for example, show a
punctuate pattern of distribution that also
results from their association with specific sub-
nuclear structures.50 PML domains are distinct
from structures containing splicing factors. A
number of other proteins are detectable in the
NBs, among them the SP100 protein, originally
identified as an autoantigen in patients with pri-
mary biliary cirrhosis51,52 and also known to be
inducible by interferon.53

In the promyelocytic cell line NB4, as well as in
promyelocytes from APL patients, the normal
localization pattern of PML is abolished and
aberrant structures into which PML, RARa and
the PML/RARa fusion protein co-localize
become apparent.4 4 - 4 6 Co-localization of
PML/RARa and RXR to distinct nuclear struc-
tures has also been demonstrated in NB4 cells,
with RXR showing a diffuse nuclear staining
pattern in control HL60 cells. Therefore
PML/RARa has the ability to direct PML,
RARa, RXR and presumably other nuclear anti-
gens into these aberrant structures, thereby
diverting them from their natural sites of
action.44-46 If APL cells are treated with RA, the
aforementioned proteins reacquire their natural
nuclear localization and PML relocalizes to the
NBs. For these reasons delocalization of PML
from the NBs and delocalization of the other
proteins from their natural sites of action by
PML/RARa is thought to represent a crucial
event in the pathogenesis of APL.

PLZF is also found in the nucleus, where it
shows speckled localization similar to that of
PML in the NBs, although the two proteins do
not show completely overlapping nuclear distri-
bution.54 PLZF is a phosphoprotein and a mem-
ber of the large group of C2H2 zinc finger-con-
taining transcription factors typified by the
Drosophila gap gene Krüppel.55-58 PLZF has defi-
nite DNA binding and transcriptional effector
activities and, in addition to the zinc finger

motif, contains a POZ (POxvirus and Zinc fin-
ger) domain.55,56,59 This region was initially iden-
tified in a protein called ZID and was shown to
facilitate protein-protein interactions as well as
confer transcriptional repressor activity to the
transcription factor that contains the domain.59

The PLZF POZ domain represents the most
highly conserved region between avian and
mammalian PLZF sequences, suggesting a cru-
cial functional role.60,61 We named the proteins
sharing the POZ and the Krüppel DNA binding
domain POK proteins (POZ and Krüppel)
(Figure 3). At present the family is composed of
at least 9 members. Interestingly, BCL-6, anoth-
er POK protein, is involved in lymphomagene-
sis.62 The PLZF protein is expressed as at least
two isoforms which differ in sequences encod-
ing its N-terminal region.55

NPM (nucleophosmin, protein B23, NO38,
numatrin) is a major nonribosomal nucleolar
phosphoprotein which is significantly more
abundant in tumor and growing cells than in
normal resting cells.63,64 At its N-terminal end
NPM displays a potential protein kinase C phos-
phorylation site and a potential metal binding
motif (Figure 2). NPM shows high binding
affinity to single-stranded nucleic acids.65 NPM
is not rigidly confined to the nucleolus but shut-
tles, like PML, between the nucleus and the
cytoplasm.66 Finally, NPM has the capacity to
oligomerize.67

NPM was previously found to be involved in a
translocation between chromosome 2 and chro-
mosome 5 associated with anaplastic large cell
lymphomas (ALCL).68,69 In this translocation it is
fused to the novel anaplastic lymphoma kinase
(ALK) gene.68 In addition, NPM is fused to the
MLF1 gene as a result of a translocation
between chromosome 3 and chromosome 5,
which is associated with myelodysplastic syn-
drome (MDS) and acute myeloid leukemia
(AML).70

PML, PLZF and NPM in normal hemopoiesis
In the bone marrow PML is highly expressed

in cells of the myeloid lineage, while it shows
minimal or no expression in mature circulating
polymorphonucleates and monocytes.48,71,72



Nevertheless, in those cells as well as in tissue
macrophages, PML expression is specifically
induced, at the transcriptional level, by class I
and II interferons.48,71-73 That is to say that PML
expression declines in fully differentiated myeloid
cells, but its expression is restored in response to
interferon. Within the hemopoietic compart-
ment and among cell lines of hemopoietic origin,
PLZF expression seems to be restricted to the
myeloid lineage.12,74 PLZF is also expressed in
CD34+ hemopoietic progenitors.74 In this respect
it is noteworthy that MZF-1 and Egr-1, other
members of the Krüppel family, have been shown
to regulate myeloid differentiation in vitro.75,76 In
the myeloid cell lines NB4 and HL60, treatment
with RA induces granulocytic differentiation of
the cells and PLZF expression is concomitantly
down-regulated.12 However, treatment of the
human teratocarcinoma cell line NT2/D1 with
RA, which also results in terminal differentiation
of the cells into a wide variety of tissues of differ-
ent histological origin, does not result in down-

regulation of PLZF expression.61 This would indi-
cate that the down-regulation observed in the
myeloid cell lines reflects an event specific to the
terminal differentiation of myeloid cells and not
a direct effect of RA on PLZF expression per se.
In this respect PLZF seems to mimic PML, which
is also down-regulated and minimally or not
expressed in mature circulating myeloid cells. We
are at present testing whether interferon is also
capable of re-inducing PLZF expression in termi-
nally differentiated myeloid cells. 

NPM is equally expressed in myeloid and lym-
phoid cell lines (our unpublished results).
Nothing is known about the regulation of its
expression in bone marrow hemopoietic precur-
sors or during myeloid and lymphoid terminal
differentiation. Because of its involvement in
three different translocations associated with
APL, MDS, AML and ALCL, NPM appears to be
a promiscuous partner in translocations specifi-
cally associated with lymphohemopoietic
tumors.
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Figure 3. PML nuclear localization. The
PML protein shows mainly speckled
nuclear localization within smaller or
larger nuclear bodies (A and B). In a few
cells, PML also localizes in the cyto-
plasm (C). The nuclei stained with Dapi
are also shown on the left (A1, B1, C1).



PML, PLZF and NPM genes in the control of
cell growth and tumor suppression, and during
the cell cycle

PML localization and expression is cell-cycle
regulated. PML is in fact highly expressed in late
G1 and S phases (refs. #47, #49 and our unpub-
lished results). 

PML overexpression suppresses anchorage-
independent growth and tumorigenicity of NB4
cells in nude mice, blocks the oncogenic trans-
formation of rat embryonic fibroblasts by coop-
erative oncogenes (Ras and a mutated p53),
suppresses oncogenic transformation of neu-
transformed NIH/3T3 cells, and slows down
growth of HeLa, CHO, A549 and NIH3T3
cells.49,77,78 PML overexpression also markedly
reduces the size of tumors generated in nude
mice by injection with HeLa cells.49 With this in
mind, the inactivation of PML could become a
critical event in the pathogenesis of APL, lead-
ing to loss of function as a growth suppressor
and resulting in growth stimulation. A possible
relationship is therefore emerging between the
role of PML in APL transformation and its
capacity to act as a growth suppressing factor
whose expression is modulated by interferon.

Initial observations reveal that PLZF, like
PML, shows growth suppressive behavior in cell
lines such as NIH3T3 and HeLa (our unpub-
lished results). In addition, similarly to PML,
PLZF expression appears to be modulated dur-
ing the cell cycle, where it peaks in late G1/S
phase (our unpublished results).

NPM transcription and translation are also
cell-cycle related, reaching peak levels just
before entry into S phase and declining to base-
line just before the onset of G2.79 Induction of
mitogenesis in B-lymphocytes is characterized
by significant increases in NPM synthesis, sug-
gesting that this protein may be associated with
the transduction of mitogenic signals.63,80

Molecular genetics of APL 

X/RARa and RARa/X fusion products and aber-
rant X products

In APL, RARa variably fuses to PML, PLZF
and NPM (X proteins). The various transloca-

tions are always balanced and reciprocal, and
therefore two categories of products are generat-
ed: X/RARa and RARa/X. In addition, in APL
blasts associated with the 15;17 translocation, a
third category of transcripts encoding for aber-
rant PML products are coexpressed with the
PML/RARa and RARa/PML transcripts: 

The 15;17 translocation. As a consequence of
t(15;17), two fusion transcripts can be expressed:
PML/RARa and RARa/PML.11,81 PML/RARa is
expressed in all t(15;17) APL cases. In leukemic
blasts, it coexists with a truncated form of PML
generated by alternative splicing of the PML por-
tion of the PML/RARa fusion gene that puts the
longest RARa open reading frame out of frame,
which is referred to as aberrant PML.11 This
truncated PML product lacks regulatory ele-
ments of the protein: the phosphorylation site
and the C-terminus, but retains the RING+B-
Box domains and the capacity to heterodimerize
with the normal PML protein via the dimeriza-
tion interface. 

RARa/PML is expressed in only 70% of cases
and it retains only RARa and PML regulatory
domains.81 Recently, however, cases of APL char-
acterized by the presence of RARa/PML tran-
scripts and the absence of any detectable
PML/RARa products have been described, sug-
gesting a more important etiopathogenetic role
for the former molecule.82

The PML/RARa protein retains the PML
RING, B-Boxes and coiled-coil regions fused to
most of the functional domains of the RARa
protein (domains B to F), including its DNA
and RA binding domains, and is able to het-
erodimerize with RXRs and wild type PML
(refs. #8-10, 42, 83 and Figure 2). It is present in
excess in APL cells and has the potential to
interfere with both PML and RARa endogenous
signaling pathways.11,42,83 This may be accom-
plished through sequestration of RXR from
RARs and the other nuclear receptors, thereby
interfering with their ability to bind to their
respective response elements. The PML/RARa-
RXR heterodimer is able to bind to retinoic acid
responsive elements and PML/RARa as a
homodimer is also able to bind, thus generating
competition for specific DNA binding sites of
the wildtype nuclear receptor complexes.8,83

477PML, PLZF and NPM genes in APL
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The 11;17 translocation. As a consequence of
t(11;17), two fusion transcripts can also be
expressed: PLZF/RARa and RARa/PLZF.12 The
PLZF/RARa chimeric protein results from
fusion of the POZ domain and the first 2 or 3
zinc-fingers of PLZF to RARa B-F domains (ref.
#12 and Figure 2). Similarly to PML/RARa,
PLZF/RARa has the capacity to heterodimerize
with PLZF via the POZ domain, and with RXR
via the RARa portion.4 2 , 5 9 The reciprocal
RARa/PLZF fusion transcript, which is found
in all patients studied so far, encodes for a pro-
tein that retains one RARa transactivation
domain fused to the last seven PLZF zinc fin-
gers.12 This protein therefore retains the poten-
tial capacity to bind DNA, and it could play a
significant role in APL leukemogenesis. When
transfected into myeloid cell lines (HL60,
U937), the PLZF/RARa fusion protein exerts a
dominant negative effect on the transactivation
mediated by endogenous RARa, as well as on
co-transfected wild type RARa and RXR, over a
large range of concentrations of ATRA.84 In this
sense it behaves much the same as the
PML/RARa fusion molecule in terms of antago-
nizing the function of RARa transcriptional
activities in the absence of RA.8 In contrast, at
pharmacological doses of RA, PML/RARa dom-
inant negative effects are released, whereas this
dual behavior is not reproduced by PLZF/
RARa.8,84

It is of note that, clinically, the presence of the
two variant translocations involving chromo-
somes 15 and 11 results in two distinct syn-
dromes. Patients harboring t(15;17) are unique-
ly sensitive to treatment with all-trans retinoic
acid (ATRA), which yields complete remission

rates of 75% to 95%.85 They are also highly
responsive to conventional chemotherapy.
However, APL associated with t(11;17) shows a
distinctly worse prognosis, with poor response
to chemotherapy and little or no response to
treatment with ATRA.86

The 5;17 translocation. The NPM/RARa
fusion protein retains the same RARa domains
present in the chimeric products generated by
the other two translocations, as well as a large
portion of the NPM protein, including a puta-
tive metal binding domain. This has no struc-
tural similarities either to the PML or to the
PLZF portion fused to RARa (Figure 2, and ref.
#14). Two NPM/RARa fusion molecules have
been described so far and found to coexist in the
APL blast: the short and long forms.14 The long
NPM/RARa form retains an intervening in-
frame sequence, which is placed between NPM
and RARa sequences and is probably of intronic
origin.14

NPM/RARa can also heterodimerize with
NPM and RARa/RXR since the regions that
mediate NPM and RARa/RXR homodimeriza-
tion are retained in the fusion moiety.14,67

The unifying hypothesis 
At a first glance it therefore appears that the

contribution of the three different RARa part-
ners to the chimeric products is, at a structural
level, dramatically different and that the only
common feature among the X/RARa fusion
proteins is the presence of the B-F RARa
domains (Figure 2). Despite this diversity, pre-
liminary characterization of the biochemical
properties of the three X/RARa fusion mole-

AAAAA
AAAAA
AAAAA
AAAAA

Poz PLZF

BCL6

50AA

AAAAA
AAAAA
AAAAA
AAAAA

Poz Zn+Zn
+
Zn

+Zn
+
Zn

+
Zn

+

Zn+Zn+Zn+Zn+Zn+Zn+ Zn+Zn+ Zn+

Figure 4. Modular organization of the PLZF and
BCL6 POK proteins. POZ domains and zinc-fin-
gers are shown. The breakpoints where the
PLZF gene fuses to RARa are indicated by the
black arrows.

POK (POZ and Kruppel) proteins in hemopoietic tumors



cules shows striking similarities:
1) X/RARa proteins have the capacity to het-

erodimerize with PML, PLZF or NPM, since the
regions which mediate PML, PLZF and NPM
homodimerization are retained in the fusion
moiety41,58,66 (Figure 2). Similarly, the RARa por-
tion is able to mediate heterodimerization with
RXR;76

2) X/RARa proteins retain the RARa capacity
of binding DNA and regulating transcription,
albeit in an altered manner, since the transacti-
vation domain of the RARa protein is missing
and is substituted by domains from the X pro-
teins; 

3) X proteins, like RARa, are all nuclear pro-
teins and localize within the nucleus in a dis-
crete, punctuated/speckled/microspeckled man-
ner. Therefore X/RARa proteins remain con-
fined to the nucleus but acquire new localization
properties due to their capacity to heterodimer-
ize with X; 

4) expression of X proteins is regulated during
the cell cycle, where it peaks in late G1.
Therefore expression patterns of X/RARa pro-
teins very probably fluctuate during the cell
cycle as well;

5) PML and PLZF show growth suppressive
behavior when transfected into various cell lines
of different histological origin. Little is still
known about NPM and its possible capacity for
modulating cell growth, although induction of
mitogenesis in B-lymphocytes is characterized
by significant increases in NPM synthesis, sug-
gesting that this protein may also be associated
with the transduction of mitogenic signals.

In conclusion, X/RARa proteins can disrupt, in
a dominant negative manner and possibly by
delocalization, PML, PLZF and NPM tumor/
growth suppressive activity, resulting in growth
advantage for APL blasts (Figure 5A and B).
Concomitantly, by a similar mechanism, inacti-
vation of, or interference with, RARa/RXR path-
ways would result in a differentiation block at the
promyelocytic stage. 

RARa/PML, RARa/PLZF and aberrant PML
products could cooperate with X/RARa pro-
teins. In this sense the recent finding of APL
cases with RARa/PML in the absence of
PML/RARa products strongly suggests that if

the tumor has selected for the presence of this
molecule, the protein must play a crucial patho-
genetic role.82 At the same time, X/RARa pro-
teins could acquire totally new and aberrant
DNA binding properties or protein het-
erodimerization specificity. 
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Figure 5. A unified mechanism of action for the X/RARa and RARa/X
fusion molecules. 
A.X/RARa fusion molecules have the ability to heterodimerize with PML,

PLZF and NPM, as well as with RARa and RXR, thus interfering with
their functions in a dominant negative manner. The functional inactiva-
tion of, or interference with, X proteins would result in growth advantage
for APL blasts, whereas the inactivation of, or interference with,
RARa/RXR pathways would result in a differentiation block at the
promyelocytic stage. Concomitantly, the X/RARa proteins could gain new
DNA binding properties or protein heterodimerization specificity. The role
of RARa/X proteins is presently unclear, although in some cases it could
be crucial, e.g. for RARa/PLZF. In general, RARa/X proteins could coop-
erate with X/RARa in a multistep view of APL pathogenesis. 

B.One of the mechanisms by which X/RARa fusion proteins exert their
dominant negative action is by delocalizing the various normal proteins
from their natural sites of action, as in the case of PML/RARa. 
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However, none of the fusion molecules have
been shown to display leukemogenic or trans-
forming activity in vivo (in animal transgenic
models), and all the information that has accu-
mulated so far on the function of APL-specific
chimeric products relies on experiments carried
out on leukemic cell lines, which are valuable
for studying hemopoietic differentiation and
maturation, but obviously are not the ideal
model system to study oncogenic transforma-
tion. In addition, even in these model systems,
the role of RARa/PML and RARa/PLZF fusion
proteins and aberrant PML products in APL
leukemogenesis is still totally unexplored.
Transgenic mice carrying individual or multiple
APL fusion genes, and mice in which the func-
tion of X and RARa/RXR genes has been inacti-
vated by gene targeting will be invaluable for
addressing these questions.
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