
www.elsevier.com/locate/ybbrc

Biochemical and Biophysical Research Communications 345 (2006) 78–84

BBRC
RUNX1 suppression induces megakaryocytic differentiation
of UT-7/GM cells

Ryohei Nagai a, Eri Matsuura a, Yusuke Hoshika a, Emi Nakata a, Hironori Nagura a,
Ayako Watanabe a, Norio Komatsu b, Yoshiaki Okada a, Takefumi Doi a,*

a Graduate School of Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka 565-0871, Japan
b Faculty of Medicine, University of Yamanashi, 1110 Shimokato, Chuo, Yamanashi 409-3898, Japan

Received 11 April 2006
Available online 25 April 2006
Abstract

The transcription factor RUNX1 plays a crucial role in hematopoiesis. RUNX1 regulates both differentiation and proliferation of
hematopoietic cells. Several reports have shown that RUNX1 participates in megakaryopoiesis, which is a process that leads to forma-
tion of platelets. However, to date, the mechanisms by which this occurs have not been fully elucidated. In the present study, we inves-
tigated whether siRNA-mediated depletion of RUNX1 affected megakaryopoiesis of UT-7/GM cells. The depletion of RUNX1 in UT-7/
GM cells resulted in up-regulation of the expression of megakaryocytic markers and polyploidization, while cell proliferation was down-
regulated. Furthermore, the overexpression of RUNX1 decreased the activity of megakaryocytic gene promoters. These results suggest
that RUNX1 down-regulates terminal differentiation of megakaryocytes and promotes proliferation of megakaryocytic progenitors.
� 2006 Elsevier Inc. All rights reserved.
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The Runt domain transcription factor RUNX1, also
known as AML1, CBFA2, or PEBP2aB, belongs to a fam-
ily of heterodimeric transcription factors named core bind-
ing factors (CBFs). RUNX1 contains a conserved region
termed the Runt domain, with a high homology to the
Drosophila RUNT protein. The Runt domain of RUNX1
mediates both its binding to DNA and dimerization with
CBFb, the b subunit of CBFs [1]. RUNX1 plays an impor-
tant role in definitive hematopoiesis, as demonstrated from
a study showing that its homozygous knockout mice dis-
played no definitive hematopoiesis [2,3]. Moreover,
RUNX1 is the most common target for chromosomal
translocations in human leukemia, consistent with its criti-
cal role in hematopoiesis [4]. While controlling differentia-
tion of hematopoietic cells, RUNX1 also regulates the cell
cycle by shortening the G1/S phase in hematopoietic cells
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[5,6]. Thus, RUNX1 is thought to function in both cell pro-
liferation and differentiation [7].

Megakaryocytes are the hematopoietic precursors of
platelets, which play an essential role in thrombosis and
hemostasis. A recent study using conditional RUNX1

knockout mice has shown that RUNX1 participates in
the regulation of megakaryopoiesis [8], but its detailed role
in human megakaryopoiesis has not been fully demonstrat-
ed due to the difficulty with purifying human megakaryo-
cytes. UT-7/GM is a cell line that can be differentiated
into erythroid and megakaryocytic lineages by erythropoi-
etin and thrombopoietin (TPO) treatment, respectively [9].
As there are few cell lines that can be differentiated into the
megakaryocytic lineage by TPO treatment, the UT-7/GM
cell line is a useful tool for analyzing the molecular mech-
anisms in megakaryopoiesis.

In this study, we found that siRNA-mediated depletion
of RUNX1 in megakaryocytic-induced UT-7/GM cells
resulted in up-regulation of the expression of megakaryo-
cytic markers and polyploidization, while cell proliferation
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was down-regulated. Furthermore, we showed that the
overexpression of RUNX1 decreased the activity of
megakaryocytic gene promoters in TPO-treated UT-7/
GM cells. These results indicate that RUNX1 up-regulates
cell proliferation and down-regulates terminal differentia-
tion of UT-7/GM cells along the megakaryocytic lineage.
Materials and methods

Hematopoietic growth factors. Recombinant human granulocyte-mac-
rophage colony-stimulating factor (GM-CSF) was provided by Sumitomo
Pharmaceutical Co. Ltd. (Osaka, Japan). Recombinant human TPO was
provided by the Kirin Brewery Co. Ltd. (Tokyo, Japan).

Plasmids and siRNA oligonucleotides. RUNX1 and CBFb coding
sequences were obtained from a cDNA pool derived from HEL cells by
PCR, and these PCR products were inserted into the EcoRV site of
pcDNA3 (Invitrogen, Carlsbad, CA).

To make the human GPIIb promoter-reporter construct (GPIIb luc),
we amplified 0.7-kb promoter fragments by PCR using the following
primers: 5 0-GCCACCTAGACCAAGGTCCATTCAG-3 0 and 5 0-CTTC
CTTCTTCCACAACCTCCCAGG-3 0. Using this fragment and the fol-
lowing primers, we performed a second PCR: 5 0-AGGAGGAGTG
AGGTACCTGCTGCACCAATA-3 0 and 5 0-CTTCCTTCTTCCACAAC
CTCCCAGG-3 0. The resulting 0.6-kb PCR products were digested with
KpnI, and this fragment was inserted into the KpnI/EcoRV site of
pGL4.10[luc2] (Promega, Madison, WI). Preparation of the rat PF4

promoter-reporter construct (PF4 luc) was as previously described [10].
siRNA cocktail targeting human RUNX1 (siRUNX1) was purchased
from B-Bridge International Inc. (Sunnyvale, CA; Cat. No. THF27A-
275), which contains three siRNAs: first sequence; sense 5 0-UCGAA
GUGGAAGAGGGAAATT-3 0, antisense 5 0-UUUCCCUCUUCCACU
UCGATT-3 0, second sequence; sense 5 0-CCGAGAACCUCGAAGAC
AUTT-3 0, antisense 5 0-AUGUCUUCGAGGUUCUCGGTT-3 0, third
sequence; sense 5 0-GCUAAAUACUGUAGGGAAATT-30, antisense 5 0-
UUUCCCUACAGUAUUUAGCTT-3 0. Negative control cocktail
(siNC) was also purchased from B-Bridge International Inc. (Cat. No.
C6A-0126).

Cell culture and megakaryocytic differentiation. UT-7/GM cells were
maintained in Iscove’s modified Dulbecco’s medium (IMDM; Invitrogen)
containing 10% fetal bovine serum and 1 ng/mL GM-CSF. For the
induction of megakaryocytic differentiation, UT-7/GM cells were cultured
with 10 ng/mL TPO or 1 nM 12-O-tetradecanoylphorbol-13-acetate
(TPA) in place of GM-CSF.

siRNA transfection. Cells were suspended in Opti-MEM (Invitrogen)
at 1 · 106 cells/100 lL. One hundred microliters of this cell suspension was
then mixed with siRNA (175 pmol/1 · 106 cells) and transferred into an
electroporation cuvette. Electroporation was performed with Gene Pulser
Xcell� (Bio-Rad, Hercules, CA) under the condition of a square-wave
pulse (10 ms, 150 V). After electroporation, the cells were immediately
diluted with 2 mL culture medium supplemented with 1 ng/mL GM-CSF
and incubated at 37 �C in a humidified atmosphere containing 5% CO2.

DNA transfection and reporter gene assay. PF4 luc (2 lg) and GPIIb
luc (0.1 lg) were used as the reporter plasmids, and phRL-TK (0.1 lg;
Promega) was used as an internal control plasmid. For the overexpression
of the transcription factors, 1 lg of each expression plasmid was used for
Table 1
Primers used for PCR amplifications

Gene Fw. primer (5 0–3 0)

PF4 AGCATGAGCTCCGCAGCCGGGTTC

GPIba CTCTGTGCCTTCGGAGGTCTTTCT

GPIIb TCGATGACAACGGATACCCAGACC

GPIIIa TACTCTGCCTCCACTACCATGGAT

HPRT ACCCGCAGCCCTGGCGTCGTGATT
the electroporation. After the electroporation, the cells were immediately
diluted with 2 mL culture medium containing 10 ng/mL TPO, and incu-
bated at 37 �C in a humidified atmosphere containing 5% CO2. After 48 h,
cells were harvested and the reporter gene activities were determined with
a Dual-Luciferase� Reporter Assay System (Promega), according to the
manufacturer’s instructions.

RT-PCR. Total RNA was isolated using an RNA preparation kit (Iso-
gen; Nippon Gene, Tokyo, Japan). First strand cDNA was synthesized from
2 lg of total RNA of each cell sample using the SuperScript� First-Strand
Synthesis System for RT-PCR (Invitrogen) and oligo(dT)12–18 primer. The
cDNAs were then used as templates for individual PCRs with the specific
primers (Table 1). PCRs were initiated by a denaturation step for 2 min at
96 �C and repeated by the following steps: 30 s at 96 �C for denaturation,
30 s at 60 �C (PF4, GPIba, and GPIIIa) or 55 �C (GPIIb and hypoxanthine-

guanine phosphoribosyl transferase, HPRT) for annealing, and 30 s at 72 �C
for extension. The gene expression of HPRT was measured as a control gene
expression.

Quantitative real-time PCR. RNA preparation and cDNA synthesis
were performed as described above, except that the SuperScript� III First-
Strand Synthesis System for RT-PCR (Invitrogen) and oligo(dT)20 primer
were used. PCRs were carried out using a QuantiTect� SYBR� Green
PCR Kit (Qiagen, Tokyo, Japan) and the primers shown in Table 1 or the
following RUNX1 primers: 5 0-GTGGTCCTATTTAAGCCAGCCCC
CA-3 0 and 5 0-CTGAAGACACCAGCTTGACAGTTCC-3 0. The quanti-
tative PCR analyses were performed with the DNA Engine Opticon�
System (Bio-Rad). HPRT was used for the relative quantification of the
gene expression.

Western blot. Harvested cells were lysed in 50 mM Tris–HCl (pH
6.8), 2% sodium dodecyl sulfate (SDS), and 10% glycerol. After soni-
cation, the samples were centrifuged at 9000g for 15 min and the
supernatants collected. Protein concentration was determined by the
BCA� Protein Assay (PIERCE, Rockford, IL), according to the
manufacturer’s instructions. After the addition of 4% 2-mercap-
toethanol, 20 lg of protein samples was boiled at 95 �C for 3 min,
separated by SDS–polyacrylamide gel electrophoresis, and blotted onto
nitrocellulose membranes. Membranes were incubated with either anti-
human RUNX1 (N-20) goat polyclonal IgG (Santa Cruz Biotechnology,
Santa Cruz, CA) or anti-human glyceraldehyde phosphate dehydroge-
nase (GAPDH) mouse monoclonal IgG (MAB374; Chemicon Interna-
tional, Temecula, CA). The membranes were then treated with
horseradish peroxidase-conjugated secondary antibodies. Signal detec-
tion was performed with a SuperSignal� West Dura Trial Kit
(PIERCE) and X-ray film (FUJIFILM, Tokyo, Japan).

Ploidy analyses. Harvested cells were fixed with 70% ethanol at �20 �C
for in excess of 12 h and then suspended in phosphate-buffered saline
(PBS). After incubation with 100 lg/mL RNase A at 37 �C for 30 min, the
cells were stained with 50 lg/mL propidium iodide (PI). Ploidy analyses
were performed with a FACSCalibur� flow cytometer and CellQuest
(Becton–Dickinson, Franklin Lakes, New Jersey).

Analyses of CD41a expression. Approximately 5 · 105 cells were sus-
pended in PBS containing 0.5% bovine serum albumin (PBS-B). The cells
were incubated with fluorescein isothiocyanate (FITC)-conjugated mouse
anti-human CD41a or FITC-conjugated mouse IgG1 Isotype Control for
nonspecific labeling (eBioscience, San Diego, CA) in 50 lL PBS-B for
30 min. After the incubation, the cells were washed twice with PBS-B and
resuspended in 0.5 mL PBS-B. The cells were analyzed using a FAC-
SCalibur� flow cytometer and CellQuest.
Rv. primer (50–3 0)

T CTTCCATTCTTCAGCGTGGCTATCA

G GAGTGAGGCGAGTGTAAGGCATCAG

T GCTGCAGCTCGGCATTTAGGGATAG

T CTGGAGGACATTGCTGGAATCCATG

A GTCCCCTGTTGACTGGTCATTACAA
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Measurement of cell growth. Twenty-four hours after siRNA trans-
fection, the cells were suspended in 1.7 mL of culture medium. Eight
microliters of the suspended cells was cultured in 96-well plates containing
100 lL of culture medium with 10 ng/mL TPO in each well. On day 0, 1, 2,
and 4 after TPO treatment, the cell growth was determined using a Cell
Counting Kit-8 (Dojindo, Kumamoto, Japan). Briefly, 10 lL of WST-8
reagent was added to each well, and the plates were incubated at 37 �C for
1 h. After the incubation, absorbance was measured at 450 nm using a
microplate reader (Bio-Rad).

Results

RUNX1 suppression by RNAi

We investigated whether the RUNX1 siRNA cocktail
(siRUNX1) could effectively suppress the expression of
RUNX1 in UT-7/GM cells. The immunoblot analyses of
UT-7/GM cells treated with siRUNX1 for 24 h revealed
that the amount of RUNX1 protein was reduced by 60–
80% compared with the negative control siRNA (siNC)
(Fig. 1). Furthermore, we also found that the amount of
RUNX1 mRNA was reduced by less than 50% upon treat-
ment of UT-7/GM cells with siRUNX1 (Fig. 2A). These
results indicate that siRUNX1 effectively suppresses the
expression of endogenous RUNX1.

RUNX1 suppression increases the expression of

megakaryocytic markers

We investigated whether UT-7/GM cells could be differ-
entiated into the megakaryocytic lineage by TPO treat-
ment. RT-PCR analyses revealed that the expression of
megakaryocytic markers, PF4, GPIba, GPIIb, and GPIIIa,
was up-regulated in TPO-treated UT-7/GM cells (Fig. 2B).
These results indicate that these cells are differentiated into
the megakaryocytic lineage by TPO treatment.

Next, we investigated whether the depletion of RUNX1
had an influence on the expression of megakaryocytic
markers in UT-7/GM cells. Twenty-four hours after siR-
NA transfection, UT-7/GM cells were induced to differen-
tiate into the megakaryocytic lineage by TPO treatment.
We defined day 0 as the day when TPO was added. The
expressions of PF4, GPIba, GPIIb, and GPIIIa on day 0,
2, and 4 were monitored via real-time RT-PCR analyses
Fig. 1. The depletion of RUNX1 protein by RNAi. Twenty-four hours
after siRNA transfection into UT-7/GM cells, whole cell lysates were
prepared, and RUNX1 expression was determined by Western blot
analysis. Two independent experiments were performed (1st, 2nd).
GAPDH was used as an internal control, and the expression ratio of
RUNX1 to GAPDH is indicated below the blot. The intensity of each
band was evaluated by Scion Image.
(Fig. 2A). In siNC-transfected cells, the expression levels
of the markers increased with time. In siRUNX1-transfec-
ted cells, the expression levels of the markers were elevated
further, except for the expression level of GPIIb on day 4.
As shown in Fig. 2B, although the level of GPIIb temporar-
ily increased on day 3, it decreased on day 6 and thereafter.
Therefore, these findings suggest that siRUNX1 transfec-
tion induces UT-7/GM cells to differentiate further along
the megakaryocytic lineage.

We also investigated the expression of CD41a (GPIIb/
IIIa) in siRNA-transfected UT-7/GM cells on day 2, 4,
and 6 after TPO treatment using flow cytometry analyses
(Fig. 2C). In siNC-transfected cells, the expression level
of CD41a increased with time. In siRUNX1-transfected
cells, the expression level of CD41a was elevated further.
On the other hand, when GM-CSF was added to the media
instead of TPO, this increase in CD41a expression was not
observed. Taken together, these results indicate that the
depletion of RUNX1 promotes the expression of megak-
aryocytic markers in TPO-treated UT-7/GM cells.

RUNX1 suppression up-regulates polyploidization

Polyploidization is due to endomitosis, a process that
consists of repeated nuclear replications in the absence of
cytokinesis and karyokinesis. As polyploidization is a phe-
nomenon unique to megakaryocytes among the hemato-
poietic cells, we investigated whether the depletion of
RUNX1 had an influence on polyploidization in UT-7/
GM cells. It is known that polyploidization can be induced
in UT-7/GM cells by TPO or TPA treatment [11,12]. We
used TPA to induce polyploidization in UT-7/GM cells
as TPA increases their ploidies after a few days, while
TPO requires a month. Twenty-four hours after siRNA
transfection, UT-7/GM cells were induced to differentiate
into the megakaryocytic lineage by TPA treatment. Three
days after TPA treatment, the ploidy distribution of the
cells was evaluated by flow cytometry analyses after
DNA staining with PI. A small peak of 8N cells was
observed by TPA treatment of siNC-transfected cells. Fur-
thermore, in siRUNX1-transfected cells, the size of the
population of 8N cells increased slightly as compared with
siNC-transfected cells. These results are summarized in
Table 2. The distribution of 8N cells significantly increased
from 3.7% ± 0.1% in siNC-transfected cells to 5.6% ± 0.2%
in siRUNX1-transfected cells. Furthermore, in response to
TPA treatment as well as TPO treatment, the depletion of
RUNX1 promoted the expression of PF4 and GPIIIa in
UT-7/GM cells (Fig. 3). These results indicate that the
depletion of RUNX1 tends to promote polyploidization
in TPA-treated UT-7/GM cells.

RUNX1 suppression down-regulates cell proliferation

It is known that RUNX1 participates not only in differ-
entiation, but also in proliferation of hematopoietic cells.
We, therefore, investigated whether the depletion of



Fig. 2. RUNX1 suppression increases the expression of megakaryocytic markers. (A) Up-regulation of the mRNA levels of megakaryocytic markers by
the depletion of RUNX1 in TPO-treated UT-7/GM cells. Twenty-four hours after siRNA transfection, UT-7/GM cells were induced to differentiate into
the megakaryocytic lineage by TPO treatment. These cells were harvested on day 0, 2, and 4, and analyzed by real-time RT-PCR. Results represent
means ± SEM of three independent experiments. (B) RT-PCR analysis of megakaryocytic markers in TPO-treated UT-7/GM cells. UT-7/GM cells
cultured with TPO were harvested on day 0, 3, 6, and 12, and RT-PCR was performed. The number of PCR cycles for each gene was as follows: PF4 (33
cycles), GPIba (33 cycles), GPIIb (29 cycles), GPIIIa (33 cycles), and HPRT (27 cycles). (C) Up-regulation of the protein level of CD41a by the depletion of
RUNX1 in TPO-treated UT-7/GM cells. Twenty-four hours after siRNA transfection, UT-7/GM cells were cultured with GM-CSF or TPO. These cells
were harvested on day 2, 4, and 6. The cells were stained with anti-human CD41a mAb and analyzed by flow cytometry. The fluorescence intensity of
siNC-transfected cells cultured with GM-CSF on each day is individually regarded as 1.0, and the y-axis shows the relative intensity. Results represent
means ± SEM of three independent experiments.

Table 2
Distribution of ploidy of siRNA-transfected UT-7/GM cells after TPA
treatment

UT-7/GM siNC + TPA siRUNX1 + TPA

2N 57.7 ± 3.1 54.0 ± 12 50.3 ± 1.3
4N 38.8 ± 3.0 35.4 ± 1.0 38.1 ± 1.1
8N 0.9 ± 0.1 3.7 ± 0.1 5.6 ± 0.2*

=16N 0.1 ± 0.0 0.3 ± 0.0 0.4 ± 0.1

Results represent means ± SEM of five independent experiments. Differ-
ences between siNC-transfected cells and siRUNX1-transfected cells were
evaluated by Student’s t-test.

* P < 0.01.
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RUNX1 had an influence on proliferation of TPO-treated
UT-7/GM cells. Twenty-four hours after siRNA transfec-
tion, UT-7/GM cells were induced to differentiate into
the megakaryocytic lineage by TPO treatment, and WST-
8 assays were performed on day 0, 1, 2, and 4 after TPO
treatment. As shown in Fig. 4, the number of siRUNX1-
transfected cells was �50% of the number of siNC-trans-
fected cells on day 2, although there was no difference in
cell number between them on day 0. These results indicate
that the depletion of RUNX1 inhibits proliferation of
TPO-treated UT-7/GM cells.



Fig. 3. RUNX1 suppression up-regulates megakaryocytic markers. Up-regulation of megakaryocytic markers by the depletion of RUNX1 in TPA-treated
UT-7/GM cells. Twenty-four hours after siRNA transfection, UT-7/GM cells were induced to differentiate into the megakaryocytic lineage by TPA
treatment, harvested on day 0, 1, and 2, and then analyzed by real-time RT-PCR. Results represent means ± SEM of three independent experiments.

Fig. 4. RUNX1 suppression down-regulates cell proliferation. Twenty-
four hours after siRNA transfection, UT-7/GM cells were induced to
differentiate into the megakaryocytic lineage by TPO treatment, and WST-
8 assays were performed on day 0, 1, 2, and 4. Results represent
means ± SEM of three independent experiments.

Fig. 5. The overexpression of RUNX1 down-regulates the activity of the PF4

overexpression of RUNX1. UT-7/GM cells were transiently co-transfected with
the expression of Renilla luciferase and are shown as fold activation relative t
four independent experiments. (B) Down-regulation of the GPIIb promoter b
identical manner to (A). Results represent means ± SEM of four independent
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The overexpression of RUNX1 down-regulates the activity of

the PF4 and GPIIb promoters

In order to confirm that RUNX1 down-regulates the
expression of megakaryocytic markers in UT-7/GM cells
by another approach, we investigated whether the overex-
pression of RUNX1 had an influence on the activity of
the PF4 and GPIIb promoters in UT-7/GM cells. RUNX1
normally heterodimerizes with CBFb through its Runt
domain and enhances its DNA-binding ability. Therefore,
we overexpressed RUNX1 and CBFb together with the
PF4 promoter-reporter plasmid (PF4 luc) in UT-7/GM
cells. Forty-eight hours after culturing with TPO, we col-
lected the cells and measured reporter gene activity
(Fig. 5A). The overexpression of RUNX1 decreased PF4

promoter activity to �60% of the control expression level.
Furthermore, co-expression of RUNX1 and CBFb
and GPIIb promoters. (A) Down-regulation of the PF4 promoter by the
the reporter plasmid and expression plasmids. Results were normalized to

o empty expression vector (pcDNA3). Results represent means ± SEM of
y the overexpression of RUNX1. Co-transfections were performed in an
experiments.



R. Nagai et al. / Biochemical and Biophysical Research Communications 345 (2006) 78–84 83
decreased the activity to �50% of the control. We then
investigated whether the overexpression of these transcrip-
tion factors had an influence on the activity of the GPIIb

promoter. The overexpression of RUNX1 decreased GPIIb

promoter activity to �70% of the control, and co-expres-
sion of RUNX1 and CBFb also decreased the activity to
�70% of the control (Fig. 5B). Taken together, these
results indicate that the overexpression of RUNX1
decreases the activity of the PF4 and GPIIb promoters in
TPO-treated UT-7/GM cells.

Discussion

In this study, we combined RNAi technology and an
in vitro megakaryopoiesis system using UT-7/GM cells to
examine in detail the mechanisms by which RUNX1 partic-
ipates in megakaryopoiesis. First, we found that the deple-
tion of RUNX1 enhanced the expression of
megakaryocytic markers. Second, the depletion of RUNX1
promoted polyploidization. Third, the depletion of
RUNX1 inhibited cell proliferation. Finally, the overex-
pression of RUNX1 decreased the activity of the PF4
and GPIIb promoters. Taken together, these results dem-
onstrate that RUNX1 down-regulates terminal differentia-
tion of UT-7/GM cells along the megakaryocytic lineage
and promotes their proliferation.

Although there are many transcription factors that pro-
mote megakaryopoiesis, there are only a few that suppress
megakaryopoiesis and promote cell proliferation [13]. Pre-
sumably, these factors are required to develop megakaryo-
cytic progenitors and maintain well-balanced
thrombopoiesis. RUNX1 may be one such factor, and
may play a major role, being a central regulator in
hematopoiesis.

Heterozygous mutations in the RUNX1 gene have been
reported to be associated with familial platelet disorder,
with predisposition to acute myeloid leukemia (FPD/
AML) [14]. Analyses of bone marrow or peripheral blood
cells from FPD/AML individuals showed a decrease in
megakaryocyte colony formation, suggesting that RUNX1
dosage affects megakaryopoiesis [15]. However, these find-
ings require further investigation. Here, we found that the
depletion of RUNX1 triggers a significant reduction in the
growth rate of TPO-treated UT-7/GM cells. This function
of RUNX1 may contribute to the decrease in megakaryo-
cyte colony formation of cells from FPD/AML individuals.
Additionally, overexpression of RUNX1 in BXH2 mice
has been reported to result in the development of mega-
karyoblastic leukemia [16]. The effects of RUNX1 on pro-
liferation and megakaryocytic differentiation of UT-7/GM
cells reported here may contribute to the megakaryoblastic
leukemogenesis in these mice.

There was little influence on the activity of the PF4 and
GPIIb promoters by co-expression of CBFb (Fig. 5). This
may be because CBFb was sufficiently expressed in UT-7/
GM cells, or because RUNX1 failed to interact with CBFb
due to its interaction with other transcription factors. For
instance, RUNX1 is known to interact with co-repressors
such as mSin3A and SMRT, and down-regulates the
expression of target genes [17,18]. Therefore, these interac-
tions may also occur in UT-7/GM cells, leading to an inter-
ruption in the interaction of RUNX1 with CBFb, and
down-regulation of the activity of the PF4 and GPIIb
promoters.

To our knowledge, this is the first report to show that
RUNX1 up-regulates cell proliferation and down-regulates
differentiation of megakaryocytic cells. These findings may
contribute to the elucidation of megakaryopoiesis and
thrombopoiesis.
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