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Stem cell factor (SCF) has important roles in the proliferation and differentiation of
hematopoietic stem cells. The complex of c-Kit and its ligand SCF induce hematopoiesis,
melanogenesis, and gametogenesis. However, the mechanism by which SCF induces cell
proliferation in the human megakaryoblastic leukemia cell line, MO7e, and the signaling
molecules involved, especially in downstream signaling of c-Kit, remain unclear. Here, we

Keywords: show that pharmacological inhibition of the PI3K pathway inhibits SCF/c-Kit signaling and
SCF cell proliferation. In addition, we find that the Shc/PDK1/PKC/Akt/c-raf signaling cascade is
c-Kit essential for SCF/c-Kit signal pathway. Our results also suggest that ERK5 is activated and
PI3K translocated to the nucleus, activating CREB and STAT3. Interestingly, chrysin shuts down
ERKS the SCF/c-Kit complex-induced signaling cascade. Taken together, these studies give addi-
Chrysin tional insight into the molecular mechanism of SCF/c-Kit-induced cell proliferation and its
MO7e cells inverse agonist, chrysin. Finally, these findings enhance our understanding of MO7e cell

Cell proliferation proliferation.

© 2007 Elsevier Inc. All rights reserved.

1. Introduction binding sites for SH2 domain-containing proteins and acti-

vates the intracellular signaling cascade [5,6].

c-Kitis areceptor tyrosine kinase from a type III RTK subfamily
which also includes receptors for platelet-derived growth
factor (PDGF), colony-stimulating factor 1 (CSF-1), and flt-3
ligand. Moreover, c-Kit plays key roles in haemopoiesis, mast
cell function, melanogenesis, fertility, and gut motility [1-3].
The c-Kit/SCF complex is essential for cell proliferation,
survival, differentiation, and functional activation in a variety
of cells [3,4]. Upon binding of the c-Kit ligand, SCF, the
receptors homodimerize, activating the intrinsic tyrosine
kinase and inducing autophosphorylation which generates
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Recently, several research teams have analyzed c-Kit
signaling in physiologically relevant, factor-dependent mye-
loid cell lines using systems where the cellular response can be
strictly related to the presence of the introduced receptor [7,8].
SCF-induced c-Kit signaling functions through at least four
intracellular pathways, including phosphatidylinositol-3-
kinase (PI3K), the Janus family of protein tyrosine kinases
(Jak), the Src family members, and the Ras-Raf-mitogen-
activated protein (MAP) kinase cascade. These pathways
mediate a number of cellular processes, including gene
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transcription, proliferation, differentiation, survival, and
metabolic homeostasis [9-11]. Little is known about how
ERK5, part of the MAP kinase cascade, functions in SCF-
induced signaling. Arecentreportindicated that ERK5 plays an
important role [12], but no comprehensive investigation has
been done. In addition, there is no report regarding transcrip-
tion factors in the SCF/c-Kit signaling cascade. Moreover,
several reports show that the anti-angiogenic protein kinase
inhibitors, SU5416 and SU6668, and a c-Kit inhibitor, Gleevec
(STI-571), attenuate c-Kit phosphorylation and inhibit SCF-
induced survival, migration, and tube formation in the human
myeloid leukemia cell line MO7e and in HUVEC cells [13,14].
Chrysin, interestingly, has the ability to abolish SCF/c-Kit
signaling. Chrysin (5,7-dihydroxyflavone) is a natural flavo-
noid contained in many plant extracts, honey, and propolis
[15]. Kwon and co-workers have reported that chrysin engages
in multiple biological activities, such as anti-inflammation,
anti-cancer, and anti-oxidation effects [16]. In particular,
flavonoids including chrysin have shown anti-cancer activity
in leukemia cells [17-19]. However, the cellular and molecular
mechanisms underlying chrysin-induced inhibition of SCF/c-
Kit signaling in leukemia cells are not clear.

We now report detailed studies of intracellular signaling
from the SCF/c-Kit complex to the PI3K/PKC/ERKS/CREB
cascade. These signaling events are essential for SCF/c-Kit
complex-induced cell proliferation. In addition, chrysin can
attenuate this signaling cascade and cell proliferation. These
results provide new insights into the proliferation of myeloid
leukemia cells and may generate novel targets for therapeutic
drug development.

2. Materials and methods
2.1. Materials

Chrysin was purchased from Sigma (St. Louis, MO) and other
compounds were purchased from CalBiochem (EMD; San
Diego, CA). The purity of Chrysin is about >96.0% (HPLC)
(catalog No. #27214). We made it stock concentration of 10 mM
in DMSO and diluted 2000 folds in incubation media (final
concentration of DMSO: 0.05%). Thus, the final concentration
of 3% undefined component(s) in chrysin compound accounts
less than 1.5 x 107>% of the final culture volume, which may
not affect physiological behavior. Human stem cell factor,
anti-p85 antibody, anti-phospho-Tyr (pTyr100) antibody, anti-
phospho-Shc (Tyr317) antibody, anti-phospho PDK1 (Ser241)
antibody, anti-phospho-PKC (pan) (gamma Thr514) antibody,
anti-phospho-Akt (Ser473) antibody, anti-phospho-c-Raf
(Ser338) antibody, anti-phospho-MEK1/2 (Ser221) antibody,
anti-phospho-ERK1/2 (Thr202/Tyr204) antibody, anti-phos-
pho-ERKS (Thr218/Tyr220), anti-phospho-CREB (Ser133) anti-
body, anti-phospho-STAT3 (Ser727) antibody, anti-phospho-c-
Kit (Tyr719) antibody, and anti-B-actin antibody were pur-
chased from Cell Signaling (Danvers, MA).

2.2. Cell lines

The human myeloid leukemia cell line, MO7e, obtained from
Dr. Y. Lee (ChungBuk National University, Chungju, Korea),

was cultured in RPMI 1640 medium with 20% fetal bovine
serum, 100 U/mL penicillin, 100 ng/mL streptomycin, and
10 ng/mL human granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF). Before stimulation with stem cell factor
(SCF), cells were factor starved for 16-18 h in RPMI 1640
supplemented with 0.5% bovine serum albumin (BSA). For
intracellular signaling studies, serum and GM-CSF-starved
cells were incubated with SCF. When inhibitors were used,
cells were preincubated for one hour at 37 °C before SCF
stimulation.

2.3. Western blotting

MO7e cells were grown in six-well plates. After SCF stimulation,
cells were lysed with 2x lysis buffer (250 mM Tris-Cl pH 6.5, 2%
SDS, 4% mercaptoethanol, 0.02% bromophenol blue, and 10%
glycerol). Equal amounts of whole cell lysates were resolved by
10% SDS-PAGE and transferred to polyvinylidene difluoride
membranes (Millipore, Bedford, MA). Membranes were blocked
with 5% skim milk in Tris-buffered saline (50 mM Tris-Cl, pH7.5,
and 150 mM NacCl) for 30 min at room temperature, then
incubated overnight with primary antibody in TTBS (0.5%
Tween 20 in Tris-buffered saline). After washing with TTBS, the
blot was further incubated for 45 min at room temperature with
anti-rabbit or anti-mouse antibody (Cell Signaling) in TTBS, and
visualized using the ECL system (Amersham Biosciences,
Piscataway, NJ) and Las 3000 (Fuji, Japan).

2.4.  Cell fractionation

MO7e cells were cultured in six-well plates. Cells were rinsed
with ice-cold PBS and harvested with cell lysis buffer (50 mM
Tris—Cl pH 7.4, 10 mM NacCl, 5 mM MgCl,, and 0.5% NP-40).
After incubation on ice for 30 min, samples were sonicated
and centrifuged at 12,000 x g for 15 min at 4 °C. Supernatants
were collected (cytosolic fraction). Nuclear pellets were
resuspended in nuclear buffer (20 mM Tris-Cl pH 7.4, 0.5M
NacCl, 1 mM EDTA, 1 mM EGTA, and 1 mM DTT), vortexed, and
then centrifuged. Supernatants were collected (nuclear frac-
tion) and the protein concentration of each sample was
measured.

2.5. Immunoprecipitation for PI3K

Cells were harvested by scraping into lysis buffer [25 mM
HEPES, 150 mM Nacl, 0.5% Triton X-100, 1 mM EDTA, 1 mM
EGTA, and protease inhibitor tablet-Complete Mini (Roche,
Basel, Switzerland)] followed by sonication at 4 °C (four times
for 5s each) and centrifugation at 15,000 x g for 15 min.
Supernatants from cell sonicates were used for immunopre-
cipitation. Protein concentrations were determined by Coo-
massie Plus™ protein assay (Pierce, Rockford, IL). Lysate
samples (230 wL) were pre-cleared by rotating incubation with
Gammabind G-Sepharose for 30min at 4°C. Following
centrifugation, anti-p85 antibody was added to pre-cleared
lysates and incubated overnight at 4°C. The beads were
pelleted and washed extensively with cell lysis buffer. Bound
proteins were dissociated by boiling the samples in PAGE
sample buffer, and whole samples were separated on SDS-
PAGE. For the reprobing of PDVF membranes, the blots were
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stripped by incubation in reprobe buffer (62.5 mM Tris—-Cl pH
6.8, 2% SDS, and 100 mM 2-mercaptoethanol) at 55°C for
30 min.

2.6.  Cell proliferation assay

Cell proliferation was measured using a Cell-Counting Kit-8
(Dojindo, Gaithersburg, MD) according to the manufacturer’s
instructions. Briefly, MO7e cells were prepared by placing
5,000 cells into each well of a 96-well plate, followed by
incubation at 37 °C overnight in a CO, chamber. Various
concentrations of several inhibitors were added to each well
for 1 h prior to SCF treatment. After 48 h, 10 pL of CCK-8 was
added to each well incubated at 37 °C for 1 h. Cell viablility was
determined by o.d. measurement at 450 nm.

2.7.  Modeling of the ligand binding pocket of c-Kit

The three-dimensional structures of chrysin and STI-571 were
generated using SYBYL 7.0 (Tripos Associates). The structure
of Chrysin was energy minimized using the Conjugate
Gradient method. The coordinates of c-Kit were obtained
from the Protein Data Bank (http://www.rcsb.org/pdb/, entry
code 1T46). The active sites of c-Kit were mapped and good
RMS values obtained in docking experiments with STI3 (STI-
571) using FlexX. FlexX was performed several times with
different customized receptor description files (RDFs) of
various combinations of charge and torsion angles of active
site residues in order to find the best position. To increase
binding interactions, torsion angles of side chains located
within 5 A of the ligands were adjusted manually.

3. Results
3.1.  Effect of SCF stimulation on intracellular signaling

Many papers have reported that SCF is able to induce
autophosphorylation of receptor tyrosine kinases and pro-
liferation of MO7e cells [20-21,13]. To confirm whether SCF
was able to activate these signaling events, we assayed SCF-
induced PI3K activation. As shown in Fig. 1A, SCF phosphory-
lated p85, suggesting that SCF could induce PI3K activation. In
fact, SCF is known to activate PI3K in several cell lines.
However, the pathways linking PI3K to specific up- and down-
stream signaling mediators are not fully understood. To obtain
some insight into pathways up- and down-stream of PI3K that
may be essential for SCF signaling, we examined the activation
of several proteins using Western blot analysis with phospho-
specific antibodies. As shown in Fig. 1B, SCF activated Shc,
PDK1, PKC, Akt, c-raf, and the ERK1/2 MAP kinase signaling
cascade. To determine whether this signaling pathway is
controlled by PI3K, we used wortmannin, a known inhibitor of
PI3K. Wortmannin abolished this signaling cascade, but did
not affect Shc phosphorylation (Fig. 1B, right lane). Interest-
ingly, SCF also activated ERK5. Like other MAP kinase family
members, big MAP kinase 1 (BMK1)/ERKS5 plays a significant
role in cell growth and differentiation [22]. These results
suggest that SCF activates PI3K via Shc and its down-stream
proteins to convey signaling.

3.2. SCF induced ERKS5 translocation to the nucleus

We also investigated the effect of SCF on ERKS5 translocation to
the nucleus, because it is required for both ERK5’s transcrip-
tional activity and its role as a signaling mediator. In the
nuclear fraction from SCF-treated cells, there was a time-
dependent increase in the phosphorylated form of ERKS,
whereas a decrease was observed in the cytosolic fraction
(Fig. 2. upper panel). CREB was used as control for the nuclear
fraction (Fig. 2. lower panel). These results show that SCF
induces ERK5 and ERK1/2 translocation in a time-dependent
manner.

3.3. SCF-induced CREB and STAT3 activation is mediated
by ERK1/2 and ERK5

To determine which proteins are involved downstream of
ERK1/2 and ERK5 within the SCF signaling pathway, we
investigated the phosphorylation of CREB as a downstream
target of ERKS5 [23], and of STAT3 as a downstream target of
ERK1/2 [24]. As shown in Fig. 3A, SCF induced CREB and STAT3
phosphorylation in a time-dependent manner, which peaked
following 15 and 30 min of SCF stimulation, respectively. In
addition, to determine whether CREB and STAT3 activation
was mediated by PI3K or ERK1/2 MAP kinase, we used
wortmannin (100nM), an inhibitor of PI3K, and U0126
(10 uM), an inhibitor of MEK1/2 Pretreatment with wortman-
nin or U0126 inhibited SCF-induced CREB and STAT3 phos-
phorylation. These results show that CREB and STAT3 appear
to be closely related to SCF signaling, and that activation of
these proteins is regulated by ERK1/2 and ERK5 MAP kinases.

3.4.  Chrysin inhibited SCF-induced phosphorylation of
c-Kit

Chrysin (5,7-dihydroxyflavone) is a natural flavonoid con-
tained in many plant extracts [15]. Many polyphenolic
compounds, including chrysin, are known to have multiple
biological activities, such as anti-inflammation [25,26], anti-
cancer [27,28], anti-oxidation [29,30], and estrogenic effects
[29]. However, there is no report regarding the effect of chrysin
on c-Kit/SCF signaling in leukemia cells. To investigate the
ability of chrysin to inhibit the initial events in the c-Kit
signaling pathway, SCF-induced tyrosine phosphorylation of
c-Kitin the presence of varying concentrations of chrysin was
examined by Western blot analysis with an anti-phospho c-Kit
antibody (Tyr719). As shown in Fig. 4A, chrysin inhibited SCF-
induced tyrosine phosphorylation of c-Kit in MO7e cells in a
dose-dependent manner, with an ICso of 2.74 pM. To examine
whether this effect was due to the non-selective cytotoxicity of
chrysin, we performed a cell viability assay. Chrysin did not
affect cell viability in MO7e cells (Fig. 4B). In addition, an
immunoprecipitation assay was performed with anti-p85
antibody to determine whether chrysin inhibits PI3K. As
shown in Fig. 4C, p85 phosphorylation was abolished by
chrysin. These results suggest that chrysin likely acts as an
inhibitor of SCF-induced c-Kit signaling. We also evaluated
several SCF-activated proteins (Fig. 1B) to determine whether
they may be regulated by chrysin. As shown in Fig. 4D, chrysin
inhibited Shc, PDK1, PKC, c-Raf, MEK1/2, and ERK5. Moreover,
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Fig. 1 - SCF activates PI3K and both its upstream and downstream proteins. (A) MO7e cells grown in 20% FBS serum were
washed and exposed to serum-free media during SCF treatment (50 ng/mL) for 5 min. Cells were solubilized with IP lysis
buffer and cell lysates were immunoprecipitated with anti-p85 antibody. After SDS-PAGE, proteins were immunoblotted
with anti-phospho-tyrosine antibody (upper panel). The same membrane was reprobed with anti-p85 antibody (lower
panel). The input lane contains one-tenth of the lysate volume used for immunoprecipitation. (B) Serum-free MO7e cells
were pretreated with Wortmannin (100 nM) for 1 h, prior to treatment with SCF for 5 min. Cells were harvested, lysed, and
immunoblotted with the indicated antibodies. Actin is used as a loading control. Representative results from three
independent experiments are shown. M.W.: molecular weight. The Y-axis in graph is expressed as the fold over basal and

is presented as the mean * S.E. of three experiments.
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Fig. 2 - SCF induces translocation of ERK1/2 and ERKS MAP kinases into the nucleus. Cells were treated with SCF for the

indicated time. Cells were lysed, sonicated, and the cytosolic and nuclear fractions separated by centrifugation. After SDS-
PAGE, proteins were immunoblotted with anti-phospho-ERK5 antibody (upper panel). This antibody also detects phospho-
ERK1/2 MAP kinase (ref: manufacturer’s instructions). The same membrane was reprobed with anti-CREB antibody (lower
panel). The Y-axis in graph is expressed as the fold over basal and is presented as the mean =+ S.E. of three experiments.
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Fig. 3 - SCF induces the activation of transcription factors. (A) Cells were treated with SCF for the indicated times. Cells were
lysed and immunoblotted with the indicated antibodies. (B) Serum-free MO7e cells were pretreated with Wortmannin
(100 nM) or U0126 (10 pM) for 1 h, prior to treatment with SCF for 10 min. Cells were harvested, lysed, and immunoblotted

with the indicated antibodies. Actin was used as a loading control. Representative results from three independent
experiments are shown.
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chrysin inhibited ERK5 and ERK1/2 translocation (data not MEK inhibitor affects SCF-induced cell proliferation and
shown). In addition, chrysin inhibited CREB and STAT3 discovered that they did. Of these, chrysin had more potent

(Fig. 4E), suggesting chrysin may be an inhibitor of c-Kit. activity. These results suggest that chrysin inhibits cell

proliferation in MO7e cells by blocking c-Kit phosphorylation.
3.5. Effect of chrysin on SCF/c-Kit complex-induced cell Cell proliferation in response to SCF appeared to be closely
proliferation dependent on c-Kit activation, at least in part.

SCF has been reported to play a role as a survival factor in 3.6.  Docking of chrysin in the binding pocket of c-Kit
myeloid cells, preventing cell death via c-Kit [31]. Proliferation

of MO7e cells cultured in the presence of SCF was measured. We used a molecular modeling strategy to dock chrysin and
Cell numbers increased in a time-dependent manner (Fig. 5A). STI-571 into the ligand-binding pocket of c-Kit. The binding
In addition, we examined whether chrysin, PI3-K inhibitor, or positions of chrysin were obtained by FlexX. Fig. 6A shows a
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Fig. 4 - Chrysin inhibits SCF-induced phosphorylation of c-Kit. (A) Serum-free MO7e cells were pretreated with the indicated
concentrations of chrysin for 1 h, prior to treatment with SCF for 5 min. Cells then were harvested, lysed, and
immunoblotted with phospho c-Kit antibody. The inhibitory activity of chrysin on SCF-induced c-Kit phosphorylation are
shown after normalization using total c-Kit antibody to standardize the values. (B) 5000 cells were incubated for 48 h with
or without the indicated dose of chrysin. Cell proliferation was measured using a Cell-Counting Kit-8 according to the
manufacturer’s instructions. (C) Cells were pretreated with chrysin for 1 h (5 uM) prior to treatment with SCF. Cells were
then solubilized with IP lysis buffer and cell lysates were immunoprecipitated with anti-p85 antibody. After SDS-PAGE,
proteins were immunoblotted with anti-phospho-tyrosine antibody (upper panel). The same membrane was reprobed with
anti-p85 antibody (lower panel). The input lane contains one-tenth of the lysate volume used for immunoprecipitation.
Serum-free MO7e cells were pretreated with chrysin for 1 h, prior to treatment with SCF for 5 min (D) and for 10 min (E).
Cells were harvested, lysed, and immunoblotted with the indicated antibodies. Actin is used as a loading control.
Representative results from three independent experiments are shown.
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Fig. 4. (Continued).

stereoview of the docked model (for the sake of clarity, only
the active site of c-Kit is shown.) The stereoview shows that
the calculated model of chrysin has high structural similarity
to STI-571. Chrysin appears to overlap on the pyridyl
pyrimidine part of STI-571 (Fig. 6B). Whereas STI-571 has 4

hydrogen bonds to the active site of c-Kit, chrysin has only 2
hydrogen bonds (possibly at Leu595 and Cys673), presumably
because the molecular weight and structure of chrysin are half
that of STI-571. These hydrogen bonds may closely appear to
stabilize the binding of chrysin.
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Fig. 5 - Chrysin inhibits SCF/c-Kit complex-induced cell proliferation in MO7e cells. (A) 5000 cells were incubated for the
indicated times with or without SCF. Cell proliferation was measured using a Cell-Counting Kit-8 according to the
manufacturer’s instructions. (B) In serum-free conditions, 5000 MO7e cells were pretreated with the indicated
concentrations of chrysin, wortmannin, and U0126 for 1 h, prior to treatment with SCF for 48 h. The values shown are
means * S.D. of experiments performed in triplicate.

Fig. 6 - Docking model of chrysin and STI-571 in c-Kit active site using FlexX. (A) Stereoview of the docked model of chrysin
and STI-571 in which active the site of c-Kit protein is shown. (B) STI-571 (yellow) and chrysin (ball and stick) were docked

and interacting residues were checked. Yellow dotted lines indicate hydrogen bonds. (For interpretation of the references to

colour in this figure legend, the reader is referred to the web version of the article.)

4. Discussion SCF can activate intracellular signaling mediators in a Shc and

PI3K-dependent manner. PI3K activation is one of the
This study focused on the signaling network of the SCF/c-Kit important pathways affected by SCF. Much effort has been
complex and the action of chrysin. Our results suggest that put forth to clarify SCF’s signal transduction pathways, but the
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signaling mechanism of the SCF/c-Kit complex has not yet
been fully elucidated, especially upstream and downstream of
PI3K. In this study, we identify several critical mediators of
SCF/c-Kit complex-induced cell proliferation.

First, we found that PI3K regulates SCF signaling in MO7e
cells. It has been reported that PI3K has a critical role in SCF
signaling [6,32-33]. In time course studies PI3K activation
began increasing at 5 min and reached a plateau 15 min after
SCF treatment (data not shown). Wortmannin did not inhibit
Shc activation, suggesting that Shc is upstream of PI3K in SCF
signaling (Fig. 1B). PI3K may then activate PDK1 and PKC to
induce the activation of Akt. Although Ras is a well-known
downstream target of Akt, SCF did not activate Ras (data not
shown), suggesting that SCF signaling is a Ras-independent
pathway. This result shows that Akt activation does not
always guarantee Ras will be activated to induce cell
proliferation. Given these findings, Ras and Raf appear to be
irrelevant to SCF signaling under the conditions studied.
Recently, several reports showed that there is cross-talk
between the G-protein coupled receptor (GPCR) and receptor
tyrosine kinase (RTK) signaling pathways which modulates
physiological phenomena in several cancers [34-36]. In fact,
Qian et al. assert that SCF could activate the cAMP pathway
through direct and/or indirect mechanisms in bone marrow
[37]. These reports showing that RTK signaling and G-protein
signaling form a complexed network in several biological
responses are intriguing. Such cross-talk between SCF-
induced RTK activation and GPCRs may be present in this
study and could be important in understanding signal path-
ways mediated by various cytokines in biological processes. It
will be necessary to further explore this intersection of
important signaling mechanisms.

Second, we demonstrated that SCF signaling mediates
ERK5 MAP kinase activation. The ERK5 MAP kinase pathway
contains MEKS5 (MAP2K) and MEKK?2/3 (MAP3K) as its upstream
regulators. ERK5 can be activated by proliferative stimuli such
as epidermal growth factor (EGF), serum, lysophosphatidic
acid, neurotrophins, and phorbol ester, as well as by stress
stimuli, such as sorbitol, H,O,, and UV irradiation [38].
However, the role of ERK5 MAP kinase in SCF signaling is
unknown. Our results suggest that SCF might activate ERK5
and ERK1/2 MAP kinases at the same time and induce protein
translocation to convey the signal to the nucleus. Interest-
ingly, after translocation, more phosphorylated ERK5 was
detected than phosphorylated ERK1/2 (Fig. 2). This result raises
the possibilities that (1) ERKS signaling is more prolonged than
ERK1/2 signaling in the early stages of SCF/c-Kit complex-
induced cell proliferation, and (2) ERK5 signaling is related to
SCF/c-Kit complex signaling. Translocated ERK5 can activate
CREB (Fig. 3A). Evidence that ERKS contributes to the survival
of neurons in the central nervous system via activation of
CREB has been reported [23]. In our study, ERKS5 appears to play
a significant role in SCF/c-Kit complex-induced cell prolifera-
tion in leukemia cells.

Flavonoids are natural polyphenolic phytochemicals that
are ubiquitous in plants and present in the common human
diet. They may exert diverse beneficial effects, including
antioxidant and anticarcinogenic activities [15-19]. Further-
more, Lin et al. reported that the flavonoid chrysin suppresses
LPS-induced angiogenesis by downregulating the interaction

of VEGF and VEGFR2, and of IL-6 and IL-6R [39]. Chrysin also
has a potential for clinical and therapeutic applications
against the physiological and biochemical effects of aging
[40]. Nevertheless, little is known about the effect of chrysin on
SCF/c-Kit complex-induced cell proliferation in MO7e cells. As
shown in Figs. 4 and 5, chrysin inhibits both SCF-induced
activation of c-Kit and its downstream signaling mediators
and SCF/c-Kit-induced cell proliferation in MO7e cells at a
concentration similar to that required to inhibit receptor
phosphorylation in cells (Fig. 5). Interestingly, wortmannin
inhibited SCF-induced proliferation at nanomolar concentra-
tions, but it abolished intracellular PI3K activity, whereas
chrysin inhibited receptor-mediated signal transduction at a
much earlier stage. Based on these results, chrysin may be a
more potent inhibitor of growth than wortmannin.

Many papers have reported that SCF induces c-Kit activa-
tion, triggering cell proliferation, differentiation, and melano-
genesis. However, little is known about the SCF/c-Kit complex
signaling pathway and how it induces cell proliferation. This
study focused on identifying components of the SCF/c-Kit
complex signaling pathway and chrysin’s effects. To examine
whether chrysin could bind to the ligand binding pocket of c-Kit
receptor, we carried out molecular modeling. Since the main
structure of Chrysin is a flavonoid, three-dimensional struc-
tures of flavonoids were generated using SYBYL 7.1 (Tripos
Associates, http://www.tripos.com/). Thirty flavonoid com-
pounds were energy minimized by the Conjugate Gradient
method and evaluated based on their flavon structure. The
coordinates of c-Kit were obtained from the Protein Data Bank
(http://www.rcsb.org/pdb/, entry code 1T46). Compounds were
docked into c-Kit by FlexX. The flavonoids appeared to overlap
with the pyridyl pyrimidine moiety of STI-571. The modeling of
a flavonoid into the binding pocket of c-Kit demonstrated that
the flavonoid would stably form several hydrogen bonds with
key active site residues. These results suggest that the chrysin
may bind to the interaction pocket of c-Kit as well as gleevec,
even though they have different structures.

These results show (1) identification of SCF/c-Kit signaling
from receptor to transcription factors, and (2) inhibition of
SCF/c-Kit signaling by chrysin. Taken together, chrysin
appears as a likely candidate drug for modulating c-Kit
function(s) in order to mediate SCF/c-Kit complex-induced
cell proliferation in the acute myeloid leukemia model. These
findings provide new insight into the potential action of
chrysin in leukemia and may generate novel strategies for
therapeutic drug development.
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