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AML1/Runx1, originally identified as a gene located at the break-
point of the t(8;21) translocation, encodes one of the two sub-
units forming a heterodimeric transcription factor. AML1 contains
a highly evolutionally conserved domain called the Runt domain,
responsible for both DNA binding and heterodimerization with
the partner protein, CBFββββ. AML1 is widely expressed in all he-
matopoietic lineages, and regulates the expression of a variety of
hematopoietic genes. Numerous studies have shown that AML is
a critical regulator of hematopoietic development. In addition,
AML1 and CBFββββ are frequent targets for chromosomal transloca-
tion in human leukemia. Translocations lead to the generation of
fusion proteins, which play a causative role for the development
of leukemia, primarily by inhibiting AML1 function. Point muta-
tions that impair AML1 function are also associated with familial
and sporadic leukemias. Loss of AML1 function is thus implicated
in a number of leukemias through multiple pathogenic mecha-
nisms. However, AML1-related translocations or haploinsuffi-
ciency of AML1 are not immediately leukemogenic in animal
models, suggesting that additional genetic events are required
for the development of full-blown leukemia. (Cancer Sci 2003; 94:
841–846) 

ematopoiesis is an exquisitely regulated process that gen-
erates terminally differentiated cells in the peripheral

blood from immature progenitors in the bone marrow. Mature
blood cells consist of a variety of components, such as erythro-
cytes, granulocytes, lymphocytes, and platelets, the number of
which is strictly maintained in spite of the short life of many of
these cells. For this tight control, hematopoietic progenitors are
required to properly proliferate, differentiate into more mature
cells, or undergo apoptosis according to circumstances. Many
lines of evidence have indicated that hematopoiesis can be
achieved by a finely tuned cooperation of hematopoietic genes
in progenitor cells.

Leukemia is a malignant disease that results from the acqui-
sition by hematopoietic progenitors of gene mutations that con-
fer deregulated proliferation, impaired differentiation, and a
survival advantage. In humans, specific chromosomal translo-
cations are detected in up to 65% of cases with acute leukemia.
Isolation of translocation-related genes has revealed that he-
matopoietic transcription factors are frequent targets for leuke-
mia-associated gene rearrangements. Among them is the AML1
(acute myeloid leukemia 1) gene, which was originally identi-
fied through its location on human chromosome 21 at the
t(8;21)(q22;q22) breakpoint.1) Acute myeloid leukemia (AML)
can be divided into subgroups (M0–M7) by virtue of morphol-
ogy and immunophenotype, which are roughly related to matu-
ration stages of myeloid, erythroid, and megakaryocytic
lineages. t(8;21) is associated with about 30% of the M2 sub-
type of AML and is one of the most common translocations in

AML, appearing in 18% of AML cases with discernible chro-
mosomal translocations.

Biochemical functions of AML1
AML1 is also called Runx1 (Runt-related protein 1),

PEBP2αB (polyoma virus enhancer-binding protein 2αB), or
CBFα (core-binding factor α), and is one of the two subunits
forming a heteromeric transcription factor. AML1 contains a
domain of 128 amino acids that is highly conserved among spe-
cies (Fig. 1). A region of homology for this domain was first
noted with Drosophila melanogaster Runt, a DNA-binding pro-
tein involved in segmentation, sex determination, and neural
development, and hence it was named the Runt domain. The
Runt domain of AML1 mediates both DNA binding and het-
erodimerization with the β subunit, which is called CBFβ or
PEBP2β. The consensus sequence for DNA binding was re-
vealed to be PyGPyGGT, which is named the PEBP2 sequence,
and the same sequence preference seems to be shared by all the
Runt protein family. CBFβ does not directly contact DNA but
enhances the DNA-binding ability of AML1 as a heterodimeric
complex, and protects it from ubiquitin-mediated proteolysis.

The mammalian Runt protein family consists of three distinct
members, AML1/Runx1, AML2/Runx3, and AML3/Runx2.
While AML1 is a key regulator of hematopoiesis at several crit-
ical steps, AML3 plays an essential role in osteogenesis, haplo-
insufficiency of which results in the skeletal disorder
cleidocranial dyplasia. By contrast, several lines of investiga-
tions have unveiled critical functions of AML2 in the control of
gastric epithelial cell growth, axonal projection of dorsal root
ganglion, and more recently in the late stage of T cell matura-
tion.2)

AML1 possesses at least three alternatively spliced isoforms
(AML1a, AML1b, and AML1c) that are distinctly expressed in
hematopoietic cells. In AML1b and AML1c, carboxy (C)-ter-
minal to the Runt domain lies a region that contains sequences
of defined biochemical functions, which are absent in AML1a.
Functional antagonism between the isoforms has been reported,
in which AML1b can release myeloid cells from the AML1a-
mediated differentiation block.3) The AML1/CBFβ complex
regulates the expression of a large number of hematopoiesis-re-
lated genes, including those for myeloperoxidase, the macroph-
age colony-stimulating factor receptor (M-CSFR), interleukin-
3, neutrophil elastase, granzyme B, the T-cell receptors (TCRs),
and the B-cell receptors.4) The PEBP2 sequence is found in
transcriptional cis-elements of these genes, to which AML1/
CBFβ binds and then initiates transcription (Fig. 2A). How-
ever, AML1 seems to be a relatively weak activator of tran-
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scription, due to the fact that DNA binding of AML1/CBFβ on
its own is necessary but insufficient to exert full activation of
gene transcription. Instead, AML1 functions as an organizing
protein that facilitates assembly of transcriptional activation
complexes. Indeed, the PEBP2 sequences are frequently adja-
cent to binding sites for other hematopoietic transcription fac-
tors, such as Ets, C/EBPα, and Myb, within several target gene
promoters. All of these factors are known to cooperate with
AML1 to activate gene transcription. In addition to these cis-in-
teractions, AML1 associates with transcriptional cofactors in-
cluding p300 and CREB-binding protein (CBP), which
facilitate transcription by acetylating histones and rendering the
promoter structures more accessible.5) Other coactivators that
interact with AML1 include Yes-associated protein (YAP) and
ALY, the latter being a protein that activates the TCRα pro-
moter by facilitating assembly of LEF-1, Ets, and AML1.4)

AML1 can also function as a transcriptional repressor, depend-
ing on the target gene and the cellular milieu, by recruiting
corepressors, such as transducin-like enhancer of split (TLE),
the nuclear receptor Ear-2, and mSin3A (Fig 2B).4, 6) Of these,
TLE, a mammalian homolog of Drosophila Groucho protein,
interacts with AML1 by recognizing its C-terminal VWRPY
motif. Similarly, AML1 acts as a transcriptional repressor for
p21/WAF1/CIP1 in NIH3T3 cells,7) and CD4 in thymocytes.2)

Although the mechanism that governs whether AML1 acts as
an activator or a repressor is not yet fully understood, one pos-
sibility is posttranslational modification, including phosphory-
lation by extracellular signal-regulated kinase that stimulates
transcriptional activity of AML1 in response to growth factor
stimuli.8)

AML1 in normal hematopoiesis 
During vertebrate embryogenesis, hematopoietic develop-

ment consists of two distinct waves of discrete cellular compo-
nents. The first wave of primitive hematopoiesis emerges in the
yolk sac at embryonic day (E) 7.5, which is replaced at E9.5 by
definitive hematopoiesis, generally described as the second
wave. Progenitors for definitive hematopoiesis originate from
para-aortic splanchnopleure (P-Sp) at E8.5, and hematopoietic
stem cells (HSCs) appear in the aorta-gonad-mesonephros
(AGM) at E9.5. These cells subsequently colonize the fetal
liver, where they expand and differentiate. After birth, defini-
tive hematopoiesis shifts to the bone marrow and the spleen,
where adult hematopoietic cells are generated throughout life.
Homozygous disruption of AML1 in mice results in midgesta-
tion embryonic lethality at E12.5 with massive bleeding in the

central nervous system, showing a profound defect in definitive
hematopoiesis.9) In contrast, primitive hematopoiesis seems to
be relatively spared. Hematopoietic progenitors of any lineage
that can produce colonies in vitro are absent from the fetal liver
of AML1-deficient mice, and no hematopoietic stem cell activ-
ity is detected in their AGM region.10) The results establish an
essential role for AML1 at the level of definitive hematopoietic
progenitors or stem cells. It is noteworthy that mutated CBFβ
alleles in mice phenocopy these mutations in AML1-deficient
mice, indicating that CBFβ is essential for AML1 function in
vivo.11) Recent studies revealed that AML1 is required for the
generation of HSCs from the endothelium of the great vessels
(hemogenic endothelium), including the vitelline and umbilical
arteries, and the AGM region.12) On the other hand, it was
shown that HSCs in turn promote angiogenesis and vessel re-
modeling by secreting growth factors, lack of which may cause
fatal hemorrhage in AML1-deficient mice.13)

Due to embryonic lethality of AML1-deficient mice, little is
known about the function of AML1 in adult hematopoiesis,
with the exception of thymocyte development. A critical role
for AML1 has been proposed on the basis that AML1 is highly
expressed in the thymus throughout mouse development and
that the target genes for AML1 include those of TCRs. Imma-
ture thymocytes lacking CD4 and CD8 differentiate into dou-
ble-positive (DP) cells within the thymus upon successful
rearrangement of TCRs, a step described as β selection. Then
they are positively selected to survive and committed either to
the CD4 single-positive (SP) or to the CD8 SP cells, which em-
igrate to peripheral lymphoid tissues. Blockade of AML1 func-
tion by the dominant negative form in mice results in
impairment at multiple steps of T cell ontogeny, including the
transition from the DP to the SP stage, the maturation of SP
thymocytes.14) In contrast, forced expression of AML1 produces
enhanced differentiation of thymocytes to the CD8 SP lin-
eage,15) and attenuates differentiation of naïve T cells to the Th2
subset, the latter presumably being through downregulation of
GATA3 transcription factor.16) Furthermore, investigations us-
ing T-cell specific AML1-deficient mice demonstrated that
AML1 is required for CD4 silencing in immature thymocytes,

Fig. 1. Functional anatomy of AML1. DNA binding and heterodimer-
ization with CBFβ are mediated by the Runt domain (green). The Runt
domain also associates with other DNA-binding proteins. The negative
regulatory regions for DNA binding are located adjacent to the Runt
domain (gray). Shown are the locations of other sequences for transac-
tivation (red), transcriptional repression (blue), and nuclear matrix at-
tachment, ERK phosphorylation sites, binding regions for coactivators
p300/CBP, ALY, YAP, corepressors mSin3A, Ear-2, and TLE. Arrows indi-
cate breakpoints in t(8;21), t(3;21), and t(12;21). Almost all sequences
downstream to the Runt domain are lost in t(8;21) and t(3;21), while
they are retained in t(12;21). ERK, extracellular signal-regulated kinase;
ALY, ally of AML1 and LEF-1.

Fig. 2. Transcriptional complex formation by AML1. (A) AML1 binds to
the consensus DNA sequence (PEBP2 sequence) present in the cis-ele-
ments of target genes. The PEBP2 sequence is often adjacent to bind-
ing sites for other DNA-binding proteins, including Ets, Myb, and C/
EBPα. AML1 regulates gene expression in cooperation with these lin-
eage-specific transcription factors. AML1 mediates transcriptional acti-
vation (A) or repression (B) upon recruitment of non-DNA-binding
coactivators (p300/CBP) or corepressors (mSin3A, HDAC, and TLE).
Whether AML1 acts as either an activator or repressor may be deter-
mined by several factors, including phosphorylation of AML1 or rela-
tive levels of cofactors.
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efficient β selection, and upregulation of CD8 at the transition
to the DP stage.2)

Chromosomal translocations associated with AML1/CBFββββ 
Thus far, more than a dozen different chromosomal translo-

cations of human acute leukemia that involve AML1 are
known. Notably, the gene encoding CBFβ is also disrupted in
inv(16)(p13q22) associated with the AML subtype of M4 with
eosinophilia, that accounts for 10% of adult cases with AML.17)

t(8;21) and inv(16) translocations confer a favorable outcome
in adults with AML who receive high-dose chemotherapy.
t(12;21)(p13;q22) is another common translocation that occurs
in 25% of pediatric acute lymphocytic leukemia of the B pre-
cursor phenotype.18) It defines a distinct subgroup of patients
with a favorable prognosis, although this point is controversial.
t(3;21)(q26;q22), though a less common translocation, is found
in cases with myelodysplastic syndrome or progression of
chronic myelogenous leukemia (CML) to blast crisis.19)

The molecular consequence of t(8;21), inv(16), t(12;21), and
t(3;21) is the generation of AML1-ETO/MTG8, CBFβ-SM-
MHC, TEL/ETV6-AML1, and AML1-Evi-1 fusion proteins,
respectively (Fig. 3). These fusion proteins have the common
functional property that they act as a dominant negative inhibi-
tors for the normal AML1 allele. For example, the AML1-ETO
fusion protein retains the ability to bind to the cis-elements of
the AML1-target genes, but does not initiate gene transcription,
which enables the fusion protein to interfere with transcrip-
tional activity of native AML1. Similar in vitro data have been
obtained for TEL-AML1 and AML1-Evi-1 fusions.20, 21) Evi-
dence consistent with this notion includes the observation that
AML1-ETO represses the expression of p14ARF, that is a target
gene for transactivation by AML1.22) In addition, AML1-ETO
exerts a dominant inhibitory function during hematopoietic de-
velopment. Heterozygous knock-in mice were generated in
which AML1-ETO expression is directed from the endogenous
AML1 promoter.23) Although these mice have one fully intact
AML1 allele, they die in utero showing a phenotype nearly

identical to that of AML1-deficient mice. Similar data have
been generated for CBFβ-SMMHC, in which heterozygous
knock-in of the gene for CBFβ-SMMHC to the CBFβ allele re-
capitulates the AML1- and CBFβ-knockout phenotypes.24) In
the following sections, we will go further to focus on the de-
tailed function of each fusion protein in leukemogenesis.

AML1-ETO in t(8;21) 
AML1-ETO consists of the amino (N)-terminal half of

AML1, including the Runt domain, fused in-frame to all but the
first 30 N-terminal amino acids of ETO, a mammalian homolog
of Drosophila protein Nervy.25) ETO is a nuclear protein and
exerts its activity by associating with N-CoR, a transcriptional
repressor that recruits mSin3A and histone deacetylases
(HDACs).26) Through multiple binding sites on ETO, mSin3A
can also bind to ETO independently of N-CoR. In AML1-ETO,
the C-terminal sequences of AML1 for transactivation are re-
placed with the ETO moiety, which serves to recruit repressor
complexes to the fusion protein. The affinity of AML1-ETO for
CBFβ is higher than that of native AML1, which would lead to
elevated DNA binding to the fusion protein.27) Thus, transcrip-
tional repression of AML1 target genes by AML1-ETO seems
to be due to aberrant recruitment of repressor complexes (Fig.
4). It is reasonably convincing to suppose that interference with
the normal activity of AML1/CBFβ is one of the critical prop-
erties of AML1-ETO in leukemogenesis; this idea is supported
by several lines of experiments. For example, transduction of
AML1-ETO into myeloid cells slows terminal differentiation
induced by granulocyte-colony stimulating factor (G-CSF),
whereas forced expression of native AML1 can restore differ-
entiation.5) However, it should be noted that more is involved
than just the dominant inhibitory effect on the functions of
AML1-ETO; some newly gained activity may also contribute
to leukemogenic potential.28) For example, AML1-ETO has
been reported to induce M-CSFR expression synergistically
with AML1, or to elevate the expression of G-CSF receptor
through upregulation of C/EBPε. AML1-ETO inhibits promye-
locytic leukemia gene protein (PLZF), which normally re-
presses transcription of genes involved in cell proliferation, C/
EBPα, or PU.1, a critical regulator for myeloid differentiation.
The analysis of AML1-ETO knock-in mice revealed upregula-
tion of a ubiquitin-specific protease UBP43, which blocks

Fig. 3. Structure of fusion proteins generated in AML1-related leuke-
mia. All AML1 fusion proteins retain the Runt domain. In CBFβ-SM-
MHC, the AML1-binding domain of CBFβ is fused to the coiled-coil
domain of SMMHC, which mediates cytoplasmic targeting of the fusion
protein. Arrows indicate breakpoints in the fusion genes. Zn, zinc fin-
ger domain; HLH, helix-loop-helix domain.

Fig. 4. Repressor recruitment by AML1-ETO. As a consequence of
t(8;21), AML1 is interrupted between the Runt domain and the transac-
tivation domain, which fuses to ETO. Although native AML1 activates
target gene expression (A), AML1-ETO interferes with AML1 binding to
DNA and recruits transcriptional complexes that contain N-CoR,
mSin3A, and HDAC (B). These complexes in turn repress the expression
of genes normally regulated by the native AML1 complex.
Kurokawa and Hirai Cancer Sci | October 2003 | vol. 94 | no. 10 | 843
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monocytic differentiation when overexpressed on myeloid
cells. Differential display analysis using AML1-ETO-express-
ing cells identified several downstream genes, including a puta-
tive posttranscriptional regulator TIS11b. These gains-of-
function may contribute to perturbed maturation of HSCs, as
discussed below.

Neither of the two types of transgenic mice expressing
AML1-ETO has developed leukemia throughout the normal
lifespan.29, 30) Moreover, investigations using a conditional
knock-in allele also demonstrated that AML1-ETO on its own
does not cause leukemia, but requires additional mutations for
the manifestation of a leukemic phenotype.31) In spite of this,
abnormal maturation and proliferation of HSCs or progenitor
cells were noted in these animals. Similar hematopoietic de-
rangement was observed in retroviral transduction systems that
deliver AML1-ETO exclusively into the hematopoietic
cells.32, 33) Taking these results together, we may conclude that
AML1-ETO perturbs the maturation program of hematopoietic
progenitors, which is critical for causing leukemia, but has only
a restricted capacity for the induction of full-blown leukemia.

CBFββββ-SMMHC in inv(16) 
inv(16) results in a protein product that fuses the first 165

amino acids of CBFβ to the coiled-coil region of a smooth
muscle myosin heavy chain (SMMHC). The CBFβ-MYH11 fu-
sion gene, which encodes the CBFβ-SMMHC fusion protein, is
exclusively associated with a specific AML subtype, M4, that
is characterized by eosinophilia. CBFβ-SMMHC can bind to
AML1 in place of native CBFβ, and inhibits AML1 function in
a dominant-negative manner. In transient transfection experi-
ments, as well as in a knock-in mouse model, this fusion pro-
tein was shown to sequester AML1 into cytoskeletal filaments
in the cytoplasm, which presumably prevents AML1 from effi-
ciently activating gene transcription in the nucleus.34) Several
studies reported another mechanism that alters the transcrip-
tional properties of AML1. The C-terminal 163 amino acids of
the SMMHC region interacts with mSin3A, and HDAC activity
was detected with the CBFβ-SMMHC fusion protein.35) Thus,
CBFβ-SMMHC acts as a transcriptional repressor by introduc-
ing a repression domain into the CBFβ protein through the SM-
MHC moiety. As a consequence, the AML1 complex is
converted into a constitutive transcriptional repressor. Chimeric
mice generated with CBFβ-MYH11 knock-in embryonic stem
(ES) cells did not develop leukemia regardless of the distinct
contribution of the knock-in ES cells to HSCs in the bone mar-
row. Upon treatment with an additional mutagen, however, they
suffered from a malignant disease reminiscent of human
inv(16) leukemia, indicating that CBFβ-SMMHC can be a pre-
requisite, but requires additional events for leukemogenesis, as
does AML1-ETO.36)

AML1-Evi-1 in t(3;21) 
In the t(3;21) translocation, a breakpoint between the Runt

domain and the transactivation domain of AML1 fuses AML1
with the full-length Evi-1 gene on the long arm of chromosome
3. AML1-Evi-1 was primarily identified in the blastic phase of
CML,19) and the fusion protein is envisioned to cause leukemic
transformation of hematopoietic cells. Evi-1 was originally iso-
lated as a gene existing in a common locus of retroviral integra-
tion in myeloid tumors in AKXD mice. This gene encodes a
145 kDa nuclear-localized protein that possesses two clusters of
zinc finger domain. Although Evi-1 shows a very restricted pat-
tern of expression in normal hematopoietic populations, its fre-
quent transcriptional activation has been documented in a
subset of myeloid malignancies, suggesting a critical role of
Evi-1 in malignant transformation of hematopoietic cells as a
dominant oncogene. Some evidence suggests that Evi-1 works
as a negative regulator of gene expression, while the character-

istics of Evi-1 as a transcriptional activator have also been de-
scribed. Evi-1 elevates intracellular AP-1 activity and
stimulates the c-fos promoter, which contributes to Evi-1-medi-
ated cellular transformation.37, 38) Forced expression of Evi-1
blocks granulocytic differentiation of myeloid cells induced by
G-CSF, and causes a decrease in colony formation of hemato-
poietic progenitors in response to erythropoietin. Evi-1 antago-
nizes the growth-inhibitory effects of TGF-β by repressing the
transcriptional activity of Smad3,39) and prevents stress-induced
cell death by inhibiting c-Jun N-terminal kinase.40) Based on
these findings, Evi-1 is thought to possess the abilities to pro-
mote growth and block differentiation in some types of cells.

Multiple mechanisms have been proposed for leukemogene-
sis in the t(3;21) translocation. The previous study revealed that
AML1-Evi-1 dominantly represses transactivation by intact
AML1, thereby leading to blockade of myeloid cell differentia-
tion.21) The Evi-1 moiety in the fusion protein interacts with C-
terminal binding protein (CtBP), a transcriptional corepressor.41)

Thus, the repression may arise through the aberrant recruitment
of repressor complexes. In addition, the affinity of AML1-Evi-1
for CBFβ is greater than that of wild-type AML1, as is the case
with AML1-ETO, which may also account for the dominant in-
hibitory effects of the fusion protein.27) Some properties of Evi-
1 are also shared by AML1-Evi-1, including induction of AP-1
activity and repression of TGF-β signaling.38, 42) These newly
acquired functions may also contribute to leukemogenic poten-
tial in t(3;21).

TEL-AML1 in t(12;21) 
TEL is a ubiquitously expressed protein of 453 amino acids

that contains a helix-loop-helix (HLH) oligomerization domain
and Ets DNA binding domain, both of which are found in other
members of the Ets family of transcription factors. The t(12;21)
translocation fuses the 5′ HLH domain of TEL to the N termi-
nus of AML1 to generate TEL-AML1, in which the C-terminal
transactivation domain of AML1 is intact, unlike AML1-ETO
and AML1-Evi-1.18) Nonetheless, TEL-AML1 fails to activate
transcription but rather inhibits AML1-dependent transactiva-
tion of the target genes. This inhibition requires not only the
HLH domain of TEL, which is known to recruit HDACs, but
also the Runt domain and the mSin3A-interacting domain of
AML1.20) Thus, the fusion protein presumably converts AML1
into an unregulated transcriptional repressor containing
mSim3A and HDAC. Repression of TEL function may also be
of importance in leukemogenesis, as shown by the frequent de-
letion of the residual TEL allele in t(12;21).43) The analysis of
syngeneic twins who develop t(12;21) leukemia has shown that
TEL-AML1 gene rearrangement may arise in utero but that leu-
kemia develops at different times in life after a long latency pe-
riod of years, suggesting the necessity of a second mutation for
leukemogenesis.44) This is supported by the finding that trans-
genic mice, in which TEL-AML1 was expressed in lymphoid
tissue, did not develop leukemia over a time period of 24
months.45)

Gene dosage effects of AML1 in leukemia 
Familial platelet disorder with a propensity for AML (FPD/

AML) is an autosomal dominant disorder that is characterized
by moderate thrombocytopenia and progression to AML with
age. Germ-line monoallelic mutations of AML1 have been iden-
tified in FPD/AML.46) Point mutations in AML1 have also been
identified in about 10% of sporadic myeloid malignancies and
are most often associated with the minimally differentiated sub-
type of AML (AML M0).47) The majority of the mutations fall
in the Runt domain and impair AML1 function through loss of
DNA binding. Monoallelic mutations are seen in a variety of
leukemias, while biallelic mutations are closely related to AML
M0. Complete deletion of AML1 with a fully functional resid-
844 Kurokawa and Hirai
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ual allele was noted in one pedigree with FPD/AML.46) Thus, it
would appear that loss of one AML1 allele is sufficient for pre-
disposition to leukemia. Consistently with this, hemizygosity
for the mutant AML1 allele in the mouse embryo is associated
with an increase in HSCs and a decrease in committed progeni-
tors, suggesting that haploinsufficiency of AML1 would affect
maturation and proliferation of hematopoietic cells.10) However,
other mutations could have a partial dominant inhibitory activ-
ity. For example, certain missense mutations in the Runt do-
main act as dominant-negative inhibitors through sequestration
of CBFβ.47, 48) Families carrying mutations that act in a domi-
nant-negative fashion seem to show a larger proportion of af-
fected individuals who develop leukemia than do families with
monoallelic deletions. Furthermore, a significant proportion of
cases have mutations in both alleles of AML1 in sporadic leuke-
mia. Monoallelic mutations are often accompanied by addi-
tional karyotypic abnormalities, suggesting the necessity of
additional genetic events for leukemogenesis. Available evi-
dence indicate that progression to leukemia is more likely to
occur in the cases with lower activity of AML1.

Recent analysis of the AML1 locus has shown that high-level
gene amplification of AML1 can be detected in some cases with
human leukemia. Those cases primarily constitute pediatric
ALL, some of which have been confirmed to show an increase
in AML1 transcripts.47) These observations provide support for
the hypothesis that gain of function or increased dosage of
AML1 can contribute to leukemogenesis. There are also several
lines of experimental evidence that suggest a role of AML1
family members as dominant oncogenes. For example, forced
expression of AML1 causes cellular transformation in fibro-
blasts.49) T-cell specific overexpression of AML3 in transgenic
mice induces lymphoma synergistically with other onco-
genes.50) In addition, the AML1 locus might be targeted by

proviral insertions in myeloid leukemia and T-cell lymphoma
in mice.50) The precise role of increased AML1 dosage in leuke-
mogenesis will be addressed in future investigations.

Perspective 
Numerous studies have revealed that AML1 exerts a wealth

of diverse effects on leukemogenic processes. In translocation-
related leukemias, many of those effects appear to depend upon
deregulated transcriptional activation, which would become a
potential target for therapeutic intervention. Small molecules
that inhibit HDAC activity are one class of candidates that may
counteract the effects of the fusion proteins. Although many in-
vestigations suggest that additional genetic events are necessary
for the induction of overt leukemia, little is known about candi-
dates for second mutations in AML1-related leukemia. Identifi-
cation of such mutations would also provide an important clue
for molecularly targeted therapies. In this regard, establishment
of appropriate animal models for AML1-related leukemia will
greatly facilitate the development of new therapeutic modali-
ties. In spite of its definite role in hematopoietic ontogeny
during embryogenesis, how AML1 contributes to adult
hematopoiesis remains to be elucidated. Establishing the full
picture of AML1 function in adult hematopoiesis may also
serve to throw more light on the mechanisms of leukemogene-
sis.
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