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ABSTRACT

Blast cells, obtained from patients with acute myelogenous leukemia
(AMD, that express surface binding sites for human stem cell factor
(SCF) respond proliferated} upon exposure to this molecule. In the pres
ence of human transforming growth factor-/)! (TGF-ÃŸl). the capacity of

SCF to augment the proliferative state of AM L.blasts was, however, almost
completely abolished. This inhibitory action of TGF-ÃŸl could be reversed
by a neutralizing anti-TGF-ÃŸl antibody. Studies on the mechanism of
TGF-ÃŸl inhibition of SCF-induced proliferation of AML blasts revealed
that TGF-ÃŸl treatment of these cells was associated with down-regulation

of SCF receptor surface expression, as detected with a specific monoclonal
antibody, which appeared to be preferentially due to an acceleration of
decay of mRNA for the c-kÃ¬tproto-oncogene encoding the SCF receptor,
without an effect on the overall transcriptional activity of the c-kit gene.
Direct evidence to prove the importance of c-kit down-regulation in the
inhibitory effect of TGF-ÃŸl on AML growth came also from experiments

demonstrating that signal transduction of SCF could be significantly di
minished in the presence of TGF-ÃŸl, as demonstrated by measuring c-kit
kinase-associated phosphorylation of target proteins.

INTRODUCTION

The transforming growth factor-ÃŸfamily of proteins has potent
hematopoietic regulatory properties (see Refs. 1-3 for review). The
major biological effect of TGF-ÃŸ1on hematopoietic cell growth relies

on its reversible inhibition of cell entry into the cell cycle (4). TGF-ÃŸ

can act as a positive or negative regulator of hematopoiesis. depending
on the presence of other factors as well as the responding cell type (5).
For instance, TGF-ÃŸis a potent inhibitor of GM-CSF-, Epo-, and
IL-3-stimulated growth of CFU-GEMM and BFU-E (6. 7), while not
affecting or even stimulating growth of CFU-E and CFU-GM ( 1. 8, 9,
10). Thus, TGF-ÃŸmight act as a selective negative regulator of early

hematopoietic progenitor cells while sparing the more committed
progenitors. TGF-ÃŸexists in at least five isoforms. designated TGF-
ÃŸl-5 (11). which exert differential effects on hematopoiesis, with
TGF-ÃŸl and TGF-ÃŸ3 being the most potent inhibitors of growth
factor-stimulated early hematopoiesis (12).

The mechanism by which TGF-ÃŸinhibits hematopoiesis is not

completely understood. There is, however, evidence to suggest that
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TGF-ÃŸacts by modulating expression of growth factor receptors
(13, 14). Trans down-modulation of 1L-1 receptors by TGF-ÃŸhas
been proposed as a mechanism of inhibition of IL-1 action (13).
Similarly, TGF-ÃŸalso reduces expression of the GM-CSF and IL-3

receptors by reducing receptor numbers rather than receptor affinities
(I. 13). It has also been shown that growth factor-dependent prolif

eration of leukemia cell lines and primary leukemia cells is inhibitable
by TGF-ÃŸ(8, 15).

Stem cell factor is a newly identified multifunctional growth factor
which also stimulates clonogenic growth of normal and malignant
early hematopoietic cells (16-18). Several groups including ours (19-

21) have shown that primary and cultured AML cells possess SCF
surface binding sites known to be encoded by the c-kit proto-onco

gene.
The present study examines the effect of rhTGF-ÃŸlon proliferation

and c-kit gene product expression by primary blast cells obtained from

patients with AML and cultured in the presence of rhSCF.

MATERIALS AND METHODS

Recombinant Cytokines. Recombinant human SCF (lot 500-1) was
kindly provided by Dr. K. Zsebo. Amgen (Thousand Oaks. CA); rhTGF-ÃŸl
(specific activity, 2 X IO7 U/mg of protein) was purchased from British

Bio-Technology Ltd. (Abingdon. UK).
Monoclonal Antibodies. A neutralizing chicken antiserum to TGF-ÃŸwas

available through British Bio-Technology Ltd. YB5.B8. a moAb detecting the
extracellular binding domain of the human SCF-R. was a kind gift of Dr. L. K.

Ashman, University of Adelaide (Adelaide. Australia!. moAbs to the cell
surface antigens CD 13. CD 14. and CD33 were from Coulter Electronics
(Krefeld. Germany), and moAbs to CD34 and HLA-DR were from Becton

Dickinson (Heidelberg. Germany).
cDNA Probes. Plasmids and cDNA probes used were the 1.25-kilobase

Sstl/Sstl c-kit fragment in pUC119 (kindly provided by Dr. A. Ullrich. Max-
Planck Institut fÃ¼rBiochemie. Martinsried. Germany) and the 0.8-kilobase
BumHVPsil a-actin fragment in pBR322 (kindly provided by Dr. R. J.

Schwarz, Baylor College of Medicine, Houston, TX).
Leukemic Cells, Blood or bone marrow samples were obtained from 36

consecutive patients with newly diagnosed AML. All samples were obtained
after informed consent. The diagnosis of AML was established by morphology
and cytochemical staining and cases were classified according to French-
American-British criteria (22). All leukemia samples were depleted from T-

lymphocytes and monocytes/macrophages by rosetting with sheep RBC and
repeated adherence to plastic surfaces after initial isolation of mononucear cells
by Ficoll-Hypaque (Pharmacia. Uppsala. Sweden) density gradient centrifu-

gation. Cells were cryopreserved in 10% dimethylsulfoxide in the vapor phase
of liquid nitrogen until use. Samples selected for study contained >95'7r blast

cells, and >30% of them showed surface expression of the c-kit product, as
assessed by indirect immunofluorescence using YB5.B8 moAb and flow cy-

tometry (21). Samples from 12 patients fulfilled these requirements. Morpho
logical characteristics and composite phenotypes of these samples are shown in
Table 1.

Cell Culture and Proliferation Assay. Leukemic blasts were cultured in
the presence or absence of rhTGF-ÃŸl under serum-free conditions as described
previously (23). The initial cell density in Northern blot analyses, transcrip-
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AMLsample
no.123456789101

112FABM2MlMlM4MlMlM2MlM4MlM2M
0/1YB5.B8-posilive

cells(%}"468950429644334644525941Surfacemarker phenolvpe''CD

13. CD33.CD34CDI3.
CD.13. CD34.HLA-DRCD33.
CD34.HLA-DRCD33.
CD34.HLA-DRCD34.

HLA-DRCD
13, CD33. CD34.HLA-DRCDI3.

CDI4, CD34.HLA-DRCD

13.CD33CD13.
CDI4. CD33. CD34.HLA-DRHLA-DRCD33.

CD34.HLA-DRHLA-DR.
CD7. CD34

" Mean values of two independent experiments.
'' Only samples with >30i./ of blasts stained with the respective antibody were scored

positive.

tional run-on assays, and Â¡mmunofluorescence analyses was 1 x 10''cells/ml
and for proliferation assays was 5 x 10' cells/ml. Cultures were performed

either in 200-ml culture flasks or in 96-well round-bottomed plates ((Â¡reiner.

NÃ¼rtingen.Germany). The culture period lasted up to 96 h. For proliferation
assays rhSCF-stimttlated cultures were maintained for 72 h. with 15 kBq of
|'H|-TdR (specific activity. 2 kBq/mniol) present for the last 6 h, harvested,

and counted in a liquid scintillation counter. In some cultures a neutrali/ing
anti-TGF-ÃŸ antiserum was also added, at a concentration of 10 fig/ml.

Isolation of Total Cellular KNA. Northern Blot Analysis, and Nuclear
Run-on Transcription Assay. Medium- or SCF-treated AML blasts were
harvested after the appropriate culture time as indicated. Cells were resus-

pended in gttanidium isothiocyanate (Sigma. MÃ¼nchen.Germany) and ex
tracted with an equal volume of acetale/EDTA-equilibrated phenol (60"C for

25 min. with frequent vortexing). The aqueous phase was recovered after
centrifugation and extracted once with an equal volume of phenol/chloroform
and twice with chloroform. The resulting RNA was precipitated overnight at
-20Â°C with 2.5 volumes of ethanol. The total RNA from each sample was then

electrophoresed on a 1% agarose gel containing 20 HIMsodium borate. pH 8.3.
0.5 imi EDTA. and 3% formaldehyde. The RNA was transferred to nitrocel
lulose paper (Schleicher and Schuell. Dassel. Germany) in 10X SSC (1.5 M
sodium chloride. 150 HIMsodium citrale) using capillary blotting overnight.
The blots were baked and prehyhridi/ed at 65Â°Cin 7% SDS, IOx Denhardt's
(IX Denhardt's consists of 0.2% Ficoll. 0.2% bovine serum albumin, and

0.02% polyvinylpyrrolidone). 5x SSC, 20 HIMsalmon sperm DNA (Sigma).
Probes were radiolabeled by random priming with |Â«-12P]-dCTP (>6000
Ci/mmol: Amersham. Arlington Heights. IL). The blots were washed at 55Â°C

in 1% SDS/1X SSC and were autoradiographed with Kodak X-omat film
(Eastman Kodak. Rochester. NY) at -70Â°C with an intensifying screen. Au-

toradiographs were scanned using an LKB Ultro Scan XL laser densitometer
and analy/ed using the LKB Gel Scan XL software package.

For nuclear run-on transcription assays, cells ( 10") were lysed in RSB ( 10

imi Tris-HCl. 5 imi KC1. 3 imi MgCl:) containing 0.5% Nonidet P-40 (Sigma)
and were washed once in ice-cold phosphate-buffered saline. Nuclei were
incubated for 30 min at 26Â°Cin 15% glycerol, 70 imi KC1, 2.5 IHMMgCU, 10

min EDTA. 4 imi levels each of ATP. CTP, and GTP. 2 imi UTP. 0.5 HIM
dithiothreitol. 60 units/ml RNasin (Boehringer Mannheim. Mannheim. Ger
many), in the presence of 100 /nCi of (12P]-UTP (3000 Ci/mmol; Amersham

Bitchier. Braunschweig. Germany). The mixture was digested with DNase I
and precipitated in 70% ethanol before hybridi/ation of 5 X IO5 cpm/ml of
hybridization buffer (50% formamide. 2x SSC, 1% SDS, 5x Denhardt's

solution. 5 fig/ml tRNA). Filters contained 10 fig each of lineari/.ed plasmids
immobilized on nitrocellulose (Schleicher and Schuell) after blotting with a
slot-blot apparatus (Schleicher and Schuell). After hybridi/ation at 42Â°Cfor 3
days, filters were rinsed in 2x SSC at 55Â°C,in 2x SSC containing 10 pig/ml
RNase A at 37Â°C.and finally in 0.5X SSC at 55Â°C,for 30 min each time, and

were exposed to Kodak X-Omat films for 10 days.

Indirect Immunofluorescence Analysis. Expression of cell surface anti
gens was assessed by indirect immunofluorescence and flow cytometry. as
described before (21). In brief, cells were incubated with the respective moAb
for 30 min at 4"C. washed twice in phosphate-buffered saline, and treated with
fluorescein isothiocyanate-labeled sheep F(ab'): anti-mouse IgG and IgM an

tibody for another 30 min. Reactivity of moAbs was determined by flow

cytometry (FACStar: Becton Dickinson). Changes in expression of surface
antigens were quantified by calculating the mean fluorescence intensity as well
as the percentage of reactive cells. The percentage of positive cells was
calculated by using the arbitrary 1% cut-off channel position of the negative

control.
Western Immunohlotting;. For Western immunoblotting AML cells ( 10'V

ml) were cultured in medium in the presence or absence of TGF-ÃŸl (5 ng/ml)

for 36 h before rhSCF ( 10 ng/ml) was added for 2 h. Cells were then harvested
and lysed in I(X)fil of lysis buffer containing 50 nisi Tris-HCl. pH 8.O. 150 HIM

NaCI. 100 fig/ml phenylmethylsulfonyl fluoride. I fxg/ml aprotinin (Sigma),
and 1% Nonidet P-40. Protein concentration was determined by using the

Bradford assay. Fifty /xg of protein solution were added to an equal volume of
2x SDS loading buffer (2x SDS loading buffer consists of 100 imi Tris-HCl.

pH 6.8. 200 HIMdithiothreitol. 4% SDS. 0.2% bromphenol blue, and 20%
glycerol). boiled for 2 min. and then loaded onto an 8% SDS gel. Upon
electrophoresis the gel was blotted onto an Immobilon transfer membrane
(Millipore. Eschborn. Germany). The membrane was incubated in blocking
buffer (IO imi Tris. pH 7.4. 0.9% NaCI. 0.01% NaN,. 5% bovine serum
albumin, 1% ovalbumin) for I h and then immunoblotted with an antiphos-

photyrosine monoclonal antibody (UBI. Lake Placid. NY) according to the
manufacturer's guidelines. After several washing steps with Tris-buffered sa

line supplemented with 0.05% Tween 20 (Sigma), the filter was incubated tor
90 min with an anti-mouse 12S-labeled IgG (Amersham Buchler), followed by

several washing steps with Tris-buffered saline/0.05% Tween 20. The filter was
then exposed to Kodak X-Omat film for 16 h.

RESULTS

In 12 of 34 samples obtained from consecutively diagnosed AML
patients. >30% of blasts displayed SCF binding sites, as shown by
indirect irnmunofluorcscen.ee and flow cytometry using YB5.B8
moAb. which identifies the extracellular domain of the c-kit proto

oncogene product (Table I ). These leukemia samples formed the basis
for further experiments. As shown in Table 2. treatment of these blast
samples with as little as 5 ng/ml rhTGF-ÃŸl for a period of 48 h was
associated with down-regulation of cell surface expression of YB5.
B8. The reduction in numbers of YB5.B8-positive cells was in the
range of 46-87%. and the mean fluorescence intensity was reduced by
37-58%. The homogeneous staining pattern of AML cells in cultures
grown in the presence of TGF-ÃŸl (Fig. I) suggested an overall de

crease in cell surface YB5.B8 expression, rather than formation of a
subpopulation of YB5.B8-negative cells. Northern blot analysis prob
ing, with a c-A'/i-specific cDNA probe, total RNA isolated from all 12

samples cultured in the presence of TGF-ÃŸl indicated that TGF-ÃŸl
was acting by decreasing steady state c-kit mRNA levels. Fig. 2A

Table 2 TCi-'-ÃŸinduces down-regulation of YH5.RHe.\[Jre\\ion in priman' AMI. blasts

Cultures (IO6 cells/ml) were performed in the absence (medium) or presence of

rhTGF-ÃŸl (5 ng/ml). After 48 h cells were harvested, incubated with YB5.B8 moAb. and
stained by indirect inimunofluorescence. Cells were analy/ed by How cytometry (FAC
Star; Becton Dickinson). The percentage of positive cells was calculated by using the
arbitrary l'Â£cut-off channel position of the negative control (isotype- and concentration-

matched nonbinding control antibody). Changes in expression of YB5.B8 were also
quantified by calculating the mean fluorescence intensity (MFI). The mean fluorescence
intensity of medium-treated control was set at 1009Ã•.The results represen! the means of
two independent experiments. SD never exceeded 6^-.

AMLsample
no.12345678910II12YB5.B8-positiveMedium468950429654334644524159cells

(*)rhTGF-ÃŸlII582(120hl722IV211219K)MFIMedium100100IINI100imimIINI100UNIUNI100100WrhTGF-ÃŸl425144534960424549546345
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Fig. 1. Staining pattern of blasts from two rep
resentative AML. samples grown in the presence (2 )
or absence (/) of rhTGF-ÃŸl, employin^ YB5.B8
monoclonal ani ibody, which detects the extracellu
lar domain of the SCF receptor. Staining of YB5.
B8-positive cells was assessed by indirect immun-
ofluorescence and flow cytometry. .f and 4. staining
with nonbinding control antibodies in cultures with
(4) or without U) TGF-ÃŸl.

TGF-ÃŸl DOWN-REGULATHS c-Ã¼i tXPRfcSSION
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Fig. 2. A, Effect of rhTGF-ÃŸl on steady state c-kil mRNA levels in four AML blast
samples. Cyloplasmatic RNA (20 fig/lane) of blasts that had been cultured for 36 h in the
presence ( + ) or absence (-) of rhTGF-ÃŸl (5 ng/ml) was prepared, analy/ed by tormal-
dchydc-agarosc gel electrophoresis. transferred to synthetic membranes, and sequentially
hybridized with c-kit cDNA and a-aclin cDNA. The 5.2-kilobase hybridizing band is
consistent with mRNA coding for c-kit. The a-actin probe controlled for RNA integrity
and comparable loading in single lanes. B. Run-on assays probing three AML blast
samples upon culture with ( + ) or without (-) TGF-ÃŸl(5 ng/ml). Nuclei were assayed for
transcriptional activity of c-kit, a-actin. and vector cDNA (pUCl I9) lacking an insert.

shows the effect of TGF-ÃŸlon c-kit transcript synthesis in AML cells

of various donors.
Since alterations of steady state mRNA can be due to modification

of transcriptional gene activity or mRNA turnover, transcriptional
run-on assays were performed with representative AML specimens.
All samples constitutively transcribed the c-kit gene, and TGF-ÃŸl

failed to alter its transcriptional activity (Fig. 2B), suggesting that
TGF-ÃŸl was accelerating the decay of steady state c-kit mRNA.

To study whether down-regulation of the c-kit product in AML

blasts wus functional, cells were cultured for a period of 72 h in the
presence or absence of rhSCF ( IO ng/ml) with or without rhTGF-ÃŸl
(5 ng/ml) and were then subjected to proliferation assays (|'H]-TdR

uptake). Exposure of all AML samples to rhSCF was associated with
an increase in | (H]-TdR uptake (4-14-fold). The presence of TGF-ÃŸl

in culture almost completely abolished the proliferation-inducing ac
tivity of rhSCF. These effects of TGF-ÃŸl were specific, in that they
could be neutralized by a chicken antiserum to TGF-ÃŸl (Table 3).
Moreover, down-regulation of the c-kit product by TGF-ÃŸlcould also
be shown by demonstrating a significant reduction of SCF-mediated
c-kit kinase-associated phosphorylation of target proteins (Fig. 3).

DISCUSSION

Here we report that rhTGF-ÃŸl interferes with the proliferation-
inducing activity of rhSCF in AML blasts through down-regulation of
SCF receptor surface expression. In dose-response studies not shown
here, optimum down-regulation of SCF receptors was achieved with
TGF-ÃŸl concentrations as low as 5 ng/ml. Higher concentrations of
TGF-ÃŸl did not further decrease SCF-R expression. SCF-R down-
regualation was in the range of 46-87% and thus not complete. Since
the inhibitory effect of TGF-ÃŸl on SCF-stimulated proliferation of

AML blasts was more pronounced than would be expected from
SCF-R analyses, it is likely that TGF-ÃŸlexerts other inhibitory effects

on these cells as well. Since AML blasts are able to endogenously
produce their own growth factors, it seems possible that production of
secondary growth factors is enhanced by SCF and that TGF-ÃŸl in
terferes with this process. Nevertheless, the relevance of c-kit down-
regulation in the inhibitory effect of TGF-ÃŸlon SCF-induced prolif

eration of AML blasts was further substantiated in our studies by
measuring signal transduction capacity for the c-kit product in the
presence of TGF-ÃŸl.The cascade of protein tyrosine phosphorylation
induced by c-kit kinase upon ligation of SCF was greatly diminished
when TGF-ÃŸl was added to cultures of AML blasts.

Down-regulation of SCF-R expression appeared to result primarily
from acceleration of mRNA decay of the c-kit proto-oncogene coding
for the SCF receptor, because TGF-ÃŸl did not affect the transcrip
tional activity of the c-kit gene. Analysis of the published c-kit se
quence (24) indicated the presence of several AU-rich stretches in the
3' untranslated region known to confer mRNA instability (25). It is

presently unknown whether AU elements contribute to the destabili/-
ing effect of TGF-ÃŸlon c-kit mRNA. Current experiments are there
fore in progress to examine vectors for c-kit containing various dele
tions in the 3' untranslated region (particularly deletions of AU

sequences) and to investigate the effect of TGF-ÃŸlon the stability of
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TGF-ÃŸl DOWN-REGULATES c-A/f EXPRESSION

Table 3 TGF-ÃŸlinhibits p roÃ(ferat Ã¬ono] AML cells induced by rhSCF
AM L blasts (5 X l()4/ml) were cultured in the presence or absence of rhSCF ( 10 ng/ml) for a total of 72 h, with (3h,-TdR being present for the last 6 h. Data are expressed as means

or"cpm from two independent experiments (in duplicate), with SD never exceeding 12%.

[3H|-TdR uptake(cpm)Treatment

TGF-ÃŸ

SCF
Anti-TGF-ÃŸlAMI.

samplem>.12345678910II12-2.7028.9473,0021.7486.77715.9913.0564.8461941.7002.725656+11.74236.90327.11210,42119.45672.43924.42327.044102.30517.72019.4825.994+

+1

1.76936.75428.00110.34419.41171.50823,(X)124.091100.07617.24316.9025.934â€¢f

+4.10811.4094.6631.9346.80120.4014.0077.00424.3212.7045.9031

.007+

+
â€¢¿�f11.50434,50927.10410.09719.12669.94021.94025.00999.09416.99217.0105.496â€¢f2,6048,2932.7986994,00414,9982,0334.5571.7751.4522.449498â€¢f+2.6998.9503,0117724,01616.0032.0544.9061.9881.6332.793655

Mr 1 2 3

200

97

69

46

Fig. 3. Modulation by SCF of protein phosphorylation patterns in AML blasts precul-
tured (36 h) with or without TGF-ÃŸl. Shown is a Western immunoblot analysis with an

antiphosphotyrosine monoclonal antibody, demonstrating the phosphorylation pattern of
cells of an AML sample (AML 6). Cells were maintained in medium (lane /) or were
exposed to SCF (IO ng/ml) in the absence (lane 2) or presence (lane 3) of TGF-ÃŸl (5
ng/ml). A molecular size marker (Mr> (Rainbow Colour Marker; Amersham) was used, and
the molecular size is indicated in kDa. Phosphoproteins of 125 kDa and 180 kDa were
present in cells treated with medium only. The 125-kDa phosphoprotein most likely
represents the autophosphorylated SCR-R (33). Experiments were repeated three times
and gave identical results. Comparable results were also obtained with cells from a second
AML sample (AML IO) investigated (data not shown).

the altered c-kit mutant upon transfection. Although TGF-ÃŸldid not
alter the transcription rate of the c-kit gene, we cannot exclude the
possibility that TGF-ÃŸl was acting, in addition, on a translational or

posttranslational level.
The concentration ot'rhSCF needed to induce blast cell proliferation

was 10 ng/ml. In pilot experiments it appeared that AML cells were
less sensitive to TGF-ÃŸl inhibition of SCF-induced proliferation of

the cells when SCF concentrations were raised above 250 ng/ml (data
not shown). Of interest is the finding that much higher concentrations
of SCF were required to abrogate the inhibitiory action of TGF-ÃŸl
than were required to achieve maximal proliferation induction (250
ng/ml versus 10 ng/ml). We previously reported (21) that tetrade-
canoylphorbol acetate also down-regulates c-kit expression in AML

cells, which is, however, associated with induction of cellular differ
entiation, while in another study TNF-a was able to synergize with the
proliferation-inducing activity of SCF in some AML samples due to

induction of a labile protein stabilizing c-kit mRNA (26). Sillaber et
al. (27) showed that treatment of AML cells, normal primitive he-

matopoietic progenitor cells, and cultured mast cells with recombinant
human IL-4 was associated with down-regulation of c-kit expression.
Similarly. Welham and Schrader (28) reported on down-regulation of
c-kit in murine myeloid leukemia cells in response to GM-CSF and
IL-3. We have therefore examined the effects of interleukin 3, IL-4,
GM-CSF, and a series of other cytokines, including interleukin 6,
interleukin 9. G-CSF. and y interferon, on constitutive surface expres

sion of the SCF receptor by AML blasts. Of the factors tested, only
IL-4 caused reduction in the percentage of c-/t;/-expressing cells, thus

confirming the results reported by Sillaber et al. (27). Interestingly, it
has recently been shown that IL-4 negatively interferes with growth
factor-mediated proliferation of AML blasts (29).

TGF-ÃŸinhibits clonogenic growth of normal and malignant early
hematopoietic progenitor cells (6-8, 15) by maintaining these cells in
a quiescent state (4, 30). The mechanism by which TGF-ÃŸprevents

progenitor cells from cycling is still not completely understood. Re
cent reports have indicated that the growth inhibition by TGF-ÃŸis
associated with its ability to prevent the inactivation of the retinoblas-
toma gene product (30-32), while other investigators have linked the
growth-inhibitory activity of TGF-ÃŸto its capacity to interfere with
binding of growth-stimulatory molecules (13, 14). Our study identifies
TGF-ÃŸas a regulator of c-kit proto-oncogene product expression in
AML cells, which suppresses the growth-stimulatory activity of SCF.
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