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ABSTRACT: Apigenin, a nonmutagenic flavonoid, has been shown to possess free radical scavenging activi-
ties, anticarcinogenic properties, antioxidant and anti-inflammatory effects. Recently, apigenin was reported
to cause gastric relaxation in murine. To assess possible effects of apigenin on migration of bladder smooth
muscle (SM) cell, we isolated SM cells from peri-cancer tissue of human bladder and established a cell model
that was capable to overexpress transiently MEKK1 (MEK kinase 1). Results showed that overexpression of
active human MEKK1 by adenoviruses infection induced migration of human bladder smooth muscle (hBSM)
cells and phosphorylation of MAPKs, ERK, JNK and p38, which are the downstream molecules of MEKK1.
Then, hBSM cell overexpressing MEKK1 were exposed to apigenin (50 μM). Our data indicated that apige-
nin inhibited significantly activation/phosphorylation of MAPKs and migration of hBSM cells induced by
MEKK1 overexpression. Besides, apigenin inhibited actin polymerization, which underlines muscle contrac-
tion and cell migration. The results suggest that apigenin inhibits activation of MAPKs and thereby the cell
migration. The mechanism might be that apigenin blocks signal transmission from MEKK1 to MAPKs.

Abbreviations: The abbreviations used are: ERK, extracellular signal regulated kinase; hBSM, human blad-
der smooth muscle; JNK, c-Jun amino-terminal kinase; MAP, mitogen-activated protein; MEK, MAP kinase/
ERK kinase; MEKK1, MEK kinase 1; MLC 20, myosin light chain 20; PFU, plaque-forming unit.
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Flavonoids comprise a vast array of polyphenolic
compounds ubiquitous in plants, many of which have been
used in Traditional Chinese Medicine for thousands of
years. Apigenin, a polyphenolic bioflavone (4,5,7-
trihydroxyflavone), is a nonmutagenic chemopreventive
agent found in a variety of Chinese herbs and green leafy

vegetables, especially in parsley, thyme, peppermint,
olives and herbs. Recently, apigenin has been reported
to exhibit a wide range of biological effects on animal
and human health (Li et al., 2009; Chuang et al., 2009;
Jeong et al., 2009). It is described to inhibit markedly
the proliferation of cancer cells (Yin et al., 2001, 1999),
the growth of leiomyomal smooth muscle cells (Kim et
al., 2005) and the migration of endothelial and tumor
cells (Kim et al., 2011; Noh et al., 2010; Franzen et al.,
2009; Zou and Chiou, 2006). In addition, apigenin has
been reported to modulate vascular tone (Ajay et al.,
2003; Morello et al., 2006; Rotondo et al., 2009) and
depress contraction of smooth muscle (Gharzouli and
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Holzer, 2004; Yousufzai et al., 2000) and vas deferens
(Capasso et al., 2006).

Cell migration is critical and highly regulated for
many physiological and pathological processes, such as
angiogenesis, immune response, inflammation, devel-
opment, wound healing, tumor progression and metasta-
sis. Smooth muscle migration participates in various
processes, including regulation of blood pressure, gas-
tric peristalsis, bladder emptying and airway spasm. A
huge variety of intracellular and extracellular signaling
molecules have been implicated in cell migration. Cells
are able to respond to extracellular stimuli such as mi-
togens and hormones, and convert these signals into
cellular processes. Thousands of signal molecules form
highly interactive networks to achieve the integrated
function of cells in an organism. In the intracellular sig-
naling networks, one of the most fundamental pathways
is the mitogen-activated protein kinase (MAPK) cas-
cades. The previous study shows that MAP kinase path-
way plays a role in keratinocytes migration (Zhang et
al., 2005). The increasing evidences have shown the
inhibitory effect of apigenin on phosphorylation of
MAPKs, such as ERK (Mounho and Thrall, 1999; Kim
et al., 2002; Yin et al., 2001) and p38 (Van Dross et al.,
2003; Long et al., 2008).

Although studies have being shown that apigenin
may affect SM cell growth and muscle contraction, these
still remain controversial. The related mechanisms have
not yet been elucidated. In this manuscript, we investi-
gated the effects of apigenin on cell migration using
MEKK1-overexpressing primary hBSM cells as a bio-
logical model. To elucidate further the mechanisms by
which apigenin inhibits smooth muscle cell migration,
we extended our investigation to effects of apigenin on
MEK/MAPKs pathways. Here, we report that apigenin
inhibits MAPKs’ activation and hBSM cell migration
induced by MEKK1 overexpression.

Materials and methods

Reagents and antibodies

Apigenin-(4,5,7-trihy-droxyflavone) was purchased
from Sigma, MO, USA. This phytocompound was pre-
pared in dimethyl sulfoxide (DMSO) at 10 mg/ml as
stock solutions and added to the culture media to achieve
the desired final concentration. The final volume of
solvent did not exceed 0.5% of media. According to
preliminary test, we chose a final apigenin concentra-
tion of 50 μM for all subsequent experiments.

Antibodies against phosphor-JNK(1/2) purchased
from Sigma, MO, USA. Anti-phospho-p38 (Thr-180/
Tyr-182) and anti-phosphou-ERK(Tyr-204) antibodies
were obtained from New England Biolabs, Inc. (Beverly,
MA, USA). Anti-ERK1/2 antibody was purchased from
Cell Signaling Technology, Inc. (Beverly, MA, USA).
Antibodies against smooth muscle actin, h-caldesmon,
HA and JNK were obtained from Santa Cruz Biotech-
nology (Santa Cruz, CA, USA). Antibody for smooth
muscle myosin heavy chain was product of Abcam
(Cambridge, MA,USA).

Cell isolation and culture

Human bladder smooth muscle cells (hBSM) were
isolated from peri-cancer tissue of a bladder cancer pa-
tient. The fresh bladder tissues were washed with pre-
cooled PBS for twice. A piece of tissue (~1 gram) was
cut and kept at -70ºC for Western blotting. After removal
of the mucosa and serosa, bladder tissue was minced
into small pieces (1 ∞ 1 mm) with sterilized scissors.
To dissociate bladder myocytes, the tissue was digested
with collagenase IV (1 mg/ml; Invitrogen) solved in
M199 medium (Invitrogen, Carlsbad, CA, USA) in a
slowly shaking water bath at 37ºC for 3 hours. Digested
tissue was passed through a cell filter strainer. The cells
were collected by centrifugation at 1,000 g at 4ºC for
10 min. Then, the pellet was washed with M199 me-
dium for five times and finally resuspended and cul-
tured in M199 supplemented with 10% fetal calf serum
in humidified atmosphere of 5% CO

2
-95% air at 37ºC.

Cells were passaged by brief treatment with trypsin
(0.25% trypsin-EDTA; Invitrogen, Carlsbad, CA, USA).
The main biological characteristics of the cells were
determined by Western blotting. Cells were regularly
seeded into 10-cm plates with medium changed every
other day. For experiments, when grown to 80%
confluence, cells were digested with 0.25% trypsin-
EDTA and plated in 6- and 24-well plates. For serum
starvation, cells were washed twice with warm PBS and
kept in serum-free M199 for overnight. Cells that were
passaged less than seven times were used for experi-
ments.

Virus production and infection of hBSM cells

To generate adenoviruses to express MEKK1, a
HA-tagged 4.9-kb DNA fragment containing the cDNA
for human wild-type MEKK1 was inserted to down-
stream of cytomegalovirus (CMV) promoter of p-shuttle
vector (Stratagene Co., La Jolla, CA,USA) with GFP
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(green fluorescence protein) expression frame. Then,
the MEKK1-containing shuttle vector was recombined
with adenoviral DNA in bacteria to prepare MEKK1-
bearing viral DNA. The recombinant adenoviral plas-
mid was packaged in packaging cells to produce aden-
ovirus as described previously (He et al., 1998). Control
adenovirus was prepared in the same procedure but no
interesting gene was ligated to plasmid. After amplifi-
cation, viruses were titrated by agarose overlay plaque
assay.

Viral infection was carried out by incubating
adenoviruses with hBSM cells at 20 PFU (plaque-form-
ing unit) per cell for 1 h. In brief, M199 medium was
replaced by 1 ml for 3.5-cm plates or 4 ml for 10-cm
plates with fresh medium. Adenoviruses were added
onto cells directly and mixed. Dishes were kept in CO

2

culture incubator and rocked once every 15 minutes.
After one hour, excess virus was removed and growth
medium was supplied to normal level. After viral infec-
tion, cells were grown for 72 h before harvesting for
Western blotting or immunostaining (except for special
indication).

Immunoblotting and immunostaining

Frozen tissue was homogenized in ice-cold lysis
buffer by a pre-cooled glass homogenizer. The lysis
buffer consisted of 50mM Tris, 300mM NaCl, 3 mM
EGTA, 0.1mM sodium orthovanadate, 10% glycerol
v/v, 1% NP-40 v/v, and 0.3% SDS w/v, pH 7.6. Pro-
tease and phosphatase inhibitor cocktails (Sigma Co.,
Germany) were added before use (except for special
indication).

The hBSM cells were harvested at indicated
timepoints. In brief, dishes were put on ice and me-
dium was removed. Cells on dishes were washed with
ice-cold 1∞ PBS and then the lysis buffer was added
onto cells. Immediately, cells were scraped into pre-
cooled 1.5 ml centrifuge tubes by cell scrapers. The
cells and homogenized tissue with lysis buffer were
rotated at 4ºC for 30 minutes and then spun down at
14,000 rpm at 4ºC for 10 minutes. Total protein con-
centration in supernatant was measured with Pierce
Protein Assay Reagents. Protein extracts were loaded
onto 8% PAGE-SDS gels, which was subjected to elec-
trophoresis in running buffer (BioRad Co., Hercules,
CA, USA). Proteins were transferred overnight to ni-
trocellulose membrane by semi-dry transfer machine.
After blocked in 5% milk in TBST buffer (25mM Tris,
140mM NaCl, 3mM KCl, pH7.4 and 0.1% Tween 20
v/v was added before use) for one hour, membranes

were incubated with specific primary antibodies plus
actin antibody as a loading control for one-hour shake
at room temperature or overnight at 4ºC. Membranes
were washed 3 times (5 minutes each) by TBST buffer,
followed by one-hour incubation with secondary anti-
bodies at room temperature. After 3-time wash in
TBST, membranes were developed by ECL Western
Blotting Detection Reagents (GE Healthcare, NJ,
USA).

For immunostaining, cells grown on cover glasses
were fixed (4% paraformaldehyde), permeabilized
(0.5% Tween 20), and stained with first antibody at
37ºC for 1 h in wet box, followed by incubated with
the appropriate fluorescence-labeled second antibody
with FITC  for 30 min. Cell nucleoli was stained with
DAPI. The staining was visualized by using a fluores-
cence microscope. The Western blot bands were
scanned and measured for density using the Image-
Pro Plus 5.0 software.

Cell migration assay

For cell migration assay, 70% confluent monolay-
ers of hBSM cells in 24-well collagen-coated plates were
infected with adenoviruses at 20 PFU/cell for 1 h. Twenty
four hours later, the infected cells were subjected to star-
vation in the absence of growth factors and serum for
overnight. When cell density reached up to 90%, scratch
wounds were created on the cell surface with a micropi-
pette tip. The hBSM cell migration in scratch wounds
was photographed at indicated timepoints.

For non-infected migration assay, 90% confluent
monolayers of hBSM cells were scratched in the middle
of wells to create wounds. Then, cells were washed twice
immediately with and kept in serum-free medium con-
taining 50 μM apigenin until cell migration was photo-
graphed. Movement of cells into the wounded areas,
i.e. empty areas, was quantified using an Image-Pro plus
5.0. Cell migration was expressed as reduction of the
areas.

F-actin staining

To stain F-actin (polymerized actin), cells grown
on collagen-coated coverslips were washed twice with
prewarmed PBS (pH 7.4) followed by fixing in 4%
paraformaldehyde solution in PBS for 10 minutes at
room temperature. After two-time washing with PBS,
cells were permeabilized with prewarmed 0.1% Triton
X-100 in PBS for 1 min. Then, cells were washed for
twice and incubated in Rhodamine-phalloidin diluted
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1:100 in PBS for 15 min. Finally, cells were rinsed for
three times in PBS, 5 min/wash. Highest quality digital
TIF images were obtained by a Nikon microscope, and
the intensity and area of fluorescence of phalloidin stain-
ing of microfilaments were quantitively measured us-
ing the Image Pro Plus 5.0 software (Media Cybernet-
ics, Inc, Silver Spring, MD, USA). The images at a
magnification were imported into the Image-Pro Plus
software, where they were calibrated to a known area of
measurement. The phalloidin stain was then selected
using the “color selection” function and the “area/den-
sity (intensity) measurement” functions were used to
calculate the respective values. The maximal value was
set to 100.

Results

Cultured hBSM cells possessed main biochemical char-
acteristics of hBSM

Smooth muscle myosin heavy chain (SMMH), h-
caldesmon (h-CaD) and actin (SMA) are considered
specific markers of smooth muscle. To quantify the per-
centage of myocytes in isolated cells and expression of
these markers of smooth muscle in cells, a preliminary
assay for expression levels of SMMH, h-CaD and SMA
among bladder tissue, cells of second and sixth genera-
tions was performed with Western blotting. The equal
amounts of total protein (25 μg) from homogenized blad-
der tissue and cells were loaded onto 8% SDS-PAGE
gel and separated by electrophoresis. After transferred
to nitrocellulose membrane at 4ºC for overnight, pro-
teins were detected with specific antibodies as described
in Materials and methods. The results show that
myocytes of two and six generation expressed SMMH,
h-CaD and SMA (Fig. 1A). There was no significant
difference in expression of SMMH, h-CaD and SMA
between tissue and the cultured cells (2nd and 6th gen-
eration). Besides, distribution of smooth muscle actin
in cell was visualized by immunostaining of SMA anti-
body (showed in Fig.1 B).

Adenovirus infected hBSM cells and expressed
MEKK1at high efficiency

Infection efficiency of adenovirus depends on vi-
ral activity and varies with types of tissues or cells. To
observe infection efficiency of the adenovirus on tar-
get cells, a green fluorescent protein (GFP) gene has
already been inserted to viral DNA through a shuttle

FIGURE 2. Efficiency of viral infection and gene expression

of MEKK1 in hBSM cells. (A) Exogenous GFP expression in

hBSM cells 72 hours after viral infection. (B) Overexpression

of MEKK1 in hBSM cells. Adenovirus-infected hBSM cells

were harvested for Western blotting 72 hours after viral in-

fection. HA-MEKK1 fusion protein was detected by antibody

against HA.

FIGURE 1. Expression of SMMH, h-CaD and SMA in

bladder tissue and isolated myocytes. Equal amounts

(25 μg) of protein extracts from tissue and cells were

loaded onto 8% SDS-PAGE gel for Western blotting as

described in Materials and methods. In addition, SMA

in cultured cells was visualized following immunostaining

procedure. (A) SMMH, h-CaD and SMA expression in

bladder tissue, cultured cells of second generation (Line

P2) and sixth generation (Line P6). (B) SMA fibers in

isolated myocytes.
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vector. Thus, GFP expressed in live cells can be a
marker for viral infection and gene expression effi-
ciency. According to the percentage of fluorescent
cells, the infection efficiency was higher than 95%
(shown in Fig. 2A).

A HA tag has preliminarily been ligated to the
upstream of MEKK1 cDNA to form HA-MEKK1 fu-
sion protein. Therefore, amount of HA product stands
for the expression level of MEKK1. Three days after
viral infection, cells were harvested to evaluate the ef-
ficiency of MEKK1 expression. Cell lysates were
loaded onto 8% SDS PAGE gels for Western blotting.
MEKK1 was probed with antibody against HA tag.
The Western blotting assay shows that adenovirus ex-
pressed MEKK1 at high level in myocytes infected with
MEKK1-containing virus (Fig. 2B).

Apigenin inhibited hBSM cell migration induced by
overexpression of MEKK1

Cell migration is a complex and highly coordinated
fundamental process required during tissue formation,
wound healing, immune surveillance, inflammatory re-
sponse, and tumor metastasis (Lauffenburger and
Horwitz, 1996). In smooth muscle, cell migration con-
tributes significantly to physiological and pathological
hyperplasia of vasculature, airway and detrusor urinae
muscle. Under physiological conditions, cells are con-
tinuously and often simultaneously exposed to a vari-
ety of extracellular signals to which they must mount
rapid and appropriate responses. That is to say, when an
exogenous gene is introduced to cells, they make
corresponding response.

FIGURE 3. Apigenin inhibited hBSM

cell migration induced by adenovirus-

mediated overexpression of MEKK1.

Twenty four hours after viral infection,

a scratch was made with a micropi-

pette tip. Cells were exposed to api-

genin (50 μM) immediately. Cell motil-

ity was photographed at 0, 8 and 20

hours later. Compared with the un-

treated cells (A) and control virus-in-

fected cells that expressed only GFP

(B), the cells infected with MEKK1-

containing virus moved and covered

the gap completely at 20 hours (C).

Addition of apigenin at 50 μM onto

MEKK1-overexpressing cells inhibited

the migration induced by MEKK1 (D).
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To assess the possible effects of MEKK1 for smooth
muscle cell motility, we infected growing hBSM cells
with adenovirus containing active human MEKK1.
Twenty four hours later after adenovirus infection, a
scratch wound was created in the middle of wells. Cell
motility was photographed at indicated timepoints. Cell
migration assay shows that MEKK1 overexpression in-
duced hBSM cell migration. To evaluate effects of api-
genin on migration of hBSM cells induced by MEKK1,
cells were exposed to 50 μM apigenin immediately af-
ter a wound was created. Then, cell movement was pho-
tographed at indicated timepoints. The results show that
apigenin inhibited motility of hBSM cells (Fig. 3).

Apigenin inhibits phosphorylation of MAPKs induced
by MEKK1

To investigate further the mechanism by which api-
genin suppresses MAPK-mediated cell migration, we
examined the effects of apigenin on activation of
MAPKs in MEKK1-overexpressing cells. When cell
density reached up to 70%, hBSM cells were infected
with MEKK1-containing adenovirus at 20 PFU/cell.
Forty eight hours later after viral infection, infected
hBSM cells were exposed to apigenin of 50 μM in M199
medium for overnight. Then, cells were harvested and
cell lysate was subjected to Western blotting as described

in Materials and methods. The membranes were probed
with antibodies against total MAPKs and phospho-
MAPKs separately. As shown in Figure 4, apigenin pre-
vented phosphorylation of ERK, JNK and p38 while
overexpression of active MEKK1 induced their phos-
phorylation. These data suggest that apigenin blocks
activation of MAPKs by MEKK1and thereby cell mi-
gration.

Apigenin inhibited actin polymerization

Actin filaments are one of important stress fibers,
which consist of actin filaments, crosslinking proteins
(such as caldesmon) and myosin II motors. Stress fi-
bers are contractile cytoskeletal structures that provide
cell with force for contraction and motility. Based on
current understanding, the cell motility is driven by the
propulsive force developed by the polymerization actin
filaments. To understand the detailed mechanism by
which apigenin inhibits cell motility, we investigated
its possible effects on actin polymerization in hBSM
cells by exposing untreated and MEKK1-expressing
cells to apigenin. Then, polymerized actin was stained.
The results suggest that apigenin depressed formation
of F-actin in most cells (Fig. 5). However, we did not
observe markedly difference of actin polymerization
between the untreated cells and the cells infected with

FIGURE 4. Apigenin inhibited MEKK1-induced phosphorylation. Two days

after viral infection (20 PFU/cell), hBSM cells were incubated with apigenin

(50 μM) for overnight. Then, cells were harvested for Western blotting as

described in Materials and methods. Total MAPKs and phosphor MAPKs were

detected by pan- antibodies and specific phosphor antibodies, respectively.
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active MEKK1-containing adenovirus. The reason is that
actin is likely already polymerized in adhering cells.

Discussion

The main finding of this study is that apigenin in-
hibits MEKK1-induced migration of hBSM cell through
preventing MAPK phosphorylation.

Cell migration underlines a number of physiologi-
cal and pathological processes in many different cell
types, including wound healing, embryonic develop-
ment, immune response, and tumor metastasis. In
smooth muscle, cell migration contributes significantly
to physiological and pathological hyperplasia of the
vasculature, urinary tract and the airway. Bladder smooth
muscle cells are recruited during bladder contraction
and contribute to the related pathological processes. In
the past several decades tremendous progress has been
made in elucidating the mechanism of cell migration
and regulation. However, the task for the understanding
of these mechanisms is significantly complicated and
hard. In recent years, there are a lot of reports indicat-
ing that flavonoids possess multiple biological effects,
including inhibition for cell migration and contraction
(Kim et al., 2011; Noh et al., 2010; Franzen et al., 2009;
Morello et al., 2006; Rotondo et al., 2009).

Although studies show that apigenin exhibits ef-
fects on cell movement-related processes, including
metastasis of a variety of types of cancer, the results are
controversial. Furthermore, the specific molecular
mechanisms behind the chemopreventive effects re-
mains largely unelucidated (Hu et al., 2008; Lee et al.,
2008; Lamy et al., 2008). In this study, we first isolated
myocytes and examined the expression of smooth
muscle myosin heavy chain (SMMH), h-CaD and SMA
in cells. The isolated cells possessed main biochemical
characteristics of smooth muscle. Then, we confirmed
inhibitive effect of apigenin for cell migration in the
primary human bladder smooth muscle cells.

Effects of apigenin on cell motility have being con-
firmed by increasing reports but the mechanism remains
largely unknown.A recent report shows that apigenin
may surpress the mogration of tumor cell through in-
hibiting FAK/Src signaling. When the experiments were
finished, a paper reported apigenin inhibited the motil-
ity of cancer cell through suppressing the p38 MAPK
signaling pathway (Noh et al., 2010) and Janus kinase
3 (Henkels et al., 2010). To investigate further the pos-
sible mechanism by which apigenin suppresses SM cell
movement, we examined the effect of apigenin on acti-
vation of MAPK pathway. MAPKs are considered a
regulator of cell migration since they can activate myo-
sin light chain kinase, which induces serine phosphory-

FIGURE 5. Effects of apigenin on actin polymerization. Cells grown on cov-

erslips were fixed with 4% paraformaldehyde followed by permeabilization

with 0.1% Triton X-100. Cells were stained with Rhodamine-phalloidin.
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lation of the myosin II regulatory light chain and thereby
initiates cell movement (Klemke et al., 1997; Nguyen
et al., 1999).

A canonical MAPK module generally consists of
three levels of protein kinases: MAPKKKs (mitogen-ac-
tivated protein kinase kinase kinases), MAPKKs (MEKs)
and MAPKs. The first enzyme in the module is a
MAPKKK enzyme, of which MEKK1 and Raf are the
most important molecules. The MAPKKK enzymes are
Ser/Thr protein kinases that activate the MEK enzymes,
the second level of signal molecules, by phosphorylating
two serine or threonine residues within a Ser-X-X-X-Ser/
Thr motif. The MEKs include MEK1, 2, 3, 4 and 6 that
are activated by the upstream MAPKKK enzymes and
transmit signals to the downstream enzymes, MAP ki-
nases. Once phosphorylated, MEK enzymes activate
MAPKs by dual phosphorylation on Thr and Tyr within
motif Thr-Glu-Tyr (ERK), Thr-Pro-Tyr (JNK) or Thr-Gly-
Tyr (p38). MAPKs, the third level of molecules comprise
three major enzymes, extracellular signal-regulated ki-
nase (ERK), C-Jun N-terminal kinase (JNK) and p38.

ERK, JNK and p38 have been shown to regulate cell
migration (Rousseau et al., 1997, 2006; Hedges et al.,
1999; Zeigler et al., 1999; Xia and Karin, 2004). Activa-
tion of these MAPKs results in phosphorylation of many
proteins with substantial regulatory functions through-
out the cell, including other protein kinases, transcrip-
tion factors, cytoskeletal proteins and other enzymes.

The increasing evidences have suggested that the
inhibitory effect of apigenin on phosphorylation of
MAPKs, such as ERK (Mounho and Thrall, 1999; Kim
et al., 2002; Yin et al., 2001) and p38 (Van Dross et al.,
2003; Long et al., 2008). However, effects of apigenin
on MAPKs are controversial (Frigo et al., 2002; Sarkar
et al., 2004). For example, apigenin was reported to in-
duce phosphorylation of both ERK and p38 kinase but
there was no effect on the phosphorylation of JNK (Van
Dross et al., 2003). Nevertheless, other articles showed
that apigenin inhibited ERK1/2 activation (Kuo and Yang,
1995; Yin et al., 1999).

The expression level of MEKK1 is low in many cells.
It is hard to observe alteration of signal transmission along
a cascade in normal cells, especially the effect of chemi-
cals on the pathway. To investigate the possible effects of
apigenin on MAPKs in SM cells, we established a cell
model of transient overexpression of MEKK1 by aden-
ovirus infection. The virus-mediated overexpression of
MEKK1 helped us to observe its activation of MAPKs
and effects of apigenin on phosphorylation of MAPKs.
In this study, we first activated/phosphorylated MAPKs
by infecting SM cells with MEKK1-containing adenovi-

rus. Then, the cells were exposed to apigenin and the ac-
tivation levels of MAPKs were examined with Western
blotting. The results show that MEKK1 overexpression
in the SM cells activates ERK, JNK and p38 and that
apigenin suppresses MEKK1’s activation of the down-
stream molecules. This suggests that apigenin might block
the signal transmission of MEKK1 to MAPKs and thereby
inhibit cell movement.

It as widely accepted that cell movement is driven
by actin polymerization. However, the detailed mecha-
nism remains unclear. In the present study, we investi-
gated the effect of apigenin on actin polymerization.
Polymerized actin (F-actin) was visualized by
Rhodamine-phalloidin. Results show that apigenin
caused a decrease in polymerization filaments in most
cells. For a smaller number of cells, apigenin did not
affect actin polymerization. No significant difference
was observed between untreated cells and MEKK1-
overexpressing cell. The reason may be that actin po-
lymerization is already activated in the culture envi-
ronment, which is much different from in vivo. Cell
culture in vitro is probably not a good model for re-
search of actin polymerization.

In conclusion, by using MEKK1-expressing
hBSM cells, we demonstrated that activation of MAPK
pathway by MEKK1 triggered SM cell migration and
that apigenin inhibited the movement. The mechanism
might be that apigenin suppress signal transmission
from MEKK1 to MAPKs.
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