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kaempferol, quercetin, morin 2 myricetin.
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Abstract
Epidermal growth  factor  receptor

(EGFR)-mediated tyrosine phosphorylation
may be a primary indicator of signal
transduction regulating cell growth and
proliferation. Enhanced tyrosine kinase
activity due to aberrant or overexpression of
receptor or non-receptor tyrosine kinases has
been implicated in a variety of skin diseases
including different type of skin cancer and

psoriasis. Therefore, agents inhibited
effectively on EGF mediated
phosphorylation and signal transduction

might be a good candidate for the prevention

of cancer formation.

Flavonoids are among the best candidates
for mediating the protective effect of diets
rich in fruits and vegetable with respect to
cancer formation. Our unpublished data
appeared that flavonoids were able to inhibit
TPA-induced cellular proliferation in
leukemia and colon cancer. To gan
additional information about their growth
effects on tumors and their cellular action



mechanisms, a series of structure related
polyphenols including 2'-OH flavanone,
3'-OH flavanone, 4'-OH flavanone, 5'-OH
flavanone 6-OH  flavanone, 7 -OH
flavanone, 4'-OCH3 flavanone, 6-OCHS3
flavanone, 7-OCH3 flavanone, 5-OCH3
flavanone, narigenin 4, 5,
7-trihydroxyflavanone), naringin (4, 5,
7-trihydroxyflavanone 7-rhamnoglucoside),

taxifolin 3, 3, 4, 5,
7-pentahydroxyflavanone), baicalin,
kaempferol, quercetin, morin  and

myricetinwere added to cultures of
epidermal carcinoma cells A431 treated with
epidermal growth factor (EGF).

Keywords: Epidermal growth factor (EGF),
Epidermal  growth  factor
receptor (EGFR) > flavonoid

Epidermal growth factor (EGF) is a potent
mitogen for a variety of mammalian
epithelial tissues and cells. Thereis evidence
to indicate that the initial interaction of EGF
with target cells occurs on specific
membrane receptors, i.e. EGF receptors. In
normal human epidermis, EGF receptors are
localized primarily on mitotically active
basal keratinocytes and diminish in number
as the cells differentiate. But, what does
EGF do in skin? The best studied effects of
EGF are its ability to increase proliferation,
differentiation, and repair of epithelial and
nonepithelial  tissues.EGF increases the
migration of both  fibrolasts and
keratinocytes in culture. Besides, Some of
skin  diseases ae assoicated  with
over-expression of EGF or EGFR
disfunction. In skin diseases in which
kertinocytes abnormally differentiate, the
distribution and number of EGFR change.

For example, in psoriasis vulgaris, the

number of EGF is increased twofold to
fourfold in active lesions because the EGFR
persistently are expressed in the abnormally
differentiating stratum  spinosum and
corneum. Similarly in epithelial cancer at
other body sites such as sguamous cell
carcinomas of the lung, epidermoid
carcinoma of vulva

Tyrosine kinases play an important role in
the regulation of proliferation and
differentiation. Enhanced protein tyrosine
Kinase activity due to overexpression of
receptor or protein tyrosine kinase activity
leads to a continuous signaling resulting in
an uncontrolled cell proliferation [1-3] .
Growth factor receptor tyrosine kinases
activated by the binding of their specific
ligands undergo auto-phosphorylation and
phosphorylate various cellular substrates to
carry out signal tranduction in the cells [ 4,
5] . The receptors with tyrosine kinases
activity have an extracellular ligand-binding
domain and an intracellular tyrosine kinase
responsible for tranducing the
mitogenic signal  in cells.  Severa
transmembrane tyrosine kinase receptors

domain

have been found including epidermal growth
factor (EGF) receptor, platelet derived
growth factor (PDGF) receptor, and colony
stimulatory factor- (CSF-1) receptor. The
overexpression of these growth factor
receptors with activation of associated
tyrosine kinase activity has bee found
detected in human cancers such as breast
and liver cancers [ 6-7 ] . These results
indicated that activation of tyrosine kinases
associated growth factor receptors played an
important role in the process of

carcinogenesis.



The mature EGFR is an Mr 170,000
transmembrane  glycoprotein  that is
overexpressed in a number of human
malignancies, and epidermal growth factor
(EGF) receptor signa pathway is recognized
as an important pathway in the development
of some human tumors (8 ] Amplification or
overexpression of the EGF receptor in
certain tumor types is related to cell growth
and tumorigenicity (9, 10 ). EGF and
TGF-a are natura ligands for EGFR that
initiate cellular responses by binding to
specific receptors on the surfaces of the
target cells. Like severa other growth
factors, the binding of EGF to its cdl
surface receptor triggers a cascade of
intracellular events, including activation of a
tyrosine kinase activity intrinsic to the
EGFR. These events lead to increased DNA
synthesis and cell proliferation in most of
cells. A431 cells have high levels of EGFR,
but mitogenic response to EGF does not
correlate with their increased EGF binding
capacity. Previous studies demonstrated that
low concentrations of EGF (0.01 nM)
stimulate cell proliferation, while high
concentration of EGF (10 nM) inhibit cell
proliferationin A431 cells (11 ] Therefore,
the relationship between biological effects of
EGF and tyrosine kinase activity is complex.
Reactive oxygen species (ROS) are
generally considered cytotoxic, because of
the oxidative damage they can cause to
cellular components. However, a low
concentrations, ROS may function as
physiologica  mediators of  cdlular
responses. For example, H202 mimics the
stimulatory effects of insulin on glucose
transport and lipid synthesis in adipocytes

(12, 13 ). Recently, the production of ROS
has been detected in a variety of cels
stimulated with cytokines  or peptide
growth factors such as IL-1, TNF-a, TGF-b
and PDGF (14, 15,16 ). Bae et a reported
that EGF-induced EGFR phosphorylation
was mediated by H202 formation (17 ).
These data indicated that ROS was involved
in EGF induced signal transduction.
Previous paper proposed that compounds
blocked EGF mediated signal pathway have
potential to be antiproliferative agents in
tumors dependent on EGF for growth (18 )
Therefore, development of effective
blocking agents on EGF mediated cellular
response is the magjor purpose of the present
study. In order to develop the effective
compounds on the inhibition  of
EGF-mediated cellular proliferation, there
are 6 major experimental items involved in
the present study.

1. Study the inhibitory effects of
flavonoids on EGF-induced
proliferation in A431 cells and the

cytotoxicity
assay, trypan
3H-thymidine incorporation.

2. Study the effects of flavonoids on the
binding of EGF to its EGFR by receptor
binding assay.

3. Study the inhibitory activities of
flavonoids on EGFR phosphorylation
induced by EGF in A431 cells by

of flavonoids by MTT
exclusion and

western blotting using
anti-phosphotyrosine antibody.
4. Previous report indicated @ that

EGF-mediated signal transduction was
through H202 production. Study the



antioxidative activity of indicated
flavonoids on EGF induced H202
production in A431 cells was involved
in the present study.

5. Activation of MAPK cascade had been
demonstrated to be downstream of
EGFR  phosphorylation.  Therefore,
investigating the effects of flavonoids
on EGF-induced MAPK (ERK1/ERK?2)
phosphorylation will be involved in the
present study.

6. SAR (Structure Activity Relationship)
of these flavanones will be discussed
and proposed here based on the results
of their inhibitory intensities on
EGF-induced responses.

The results of the present study provided

more molecular evidences in development

of effective inhibitors on EGF induced
signal transduction for further study.
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Figure 1. Effect of EGF induced A431 cdll
proliferation. EGF at the dose of 10 ng/ml isan
optimal dose to induce A431 cell proliferation .
Cell proliferation was detection by MTT assay
( O.D.570 nm ). p values were calculated by
student's ¢ test. Results are representative of
three independent experiments. * Statistically
significant induction in EGF 10 ng/ml compared
with control. ( P<0.05)
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Figure 2. Time-dependent of EGF induced
A431 cells proliferation. EGF 10 ng/ml is
stimulate A431 cell proliferation at the time of
24 hr obviously induce A431 cells proliferation.
Cdll proliferation was detection by MTT assay.
p values were calculated by student's ¢ test.
Results are representative of three independent

experiments.** Statistically significant
induction in EGF 10 ng/ml compared with
control.( P<0.01)
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Figure 3. Induction of EGFR and
MAPK/ERKs phosphoylation in EGF
stimulated A431 cells. A431 cels were
stimulated with EGF 10 ng/ml for different time
periods( 10 to 160 min ) and the cell lysate ( 50
ng )was resolved on a 8% SDSPAGE,
transferred to a PVDF membrane, followed by
Western blotting with antiphosphorylated EGFR
and MAPK/ERK1/2 or anti-EGFR and ERK1/2
and a-tubulin.
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Figure 4. P38- and JNK-mediated signal
transduction may not be involved in
EGF-induced proliferative effects in A431
cells. A431 cells treated with EGF 10 ng/ml for
the different periods ( 10 to 160 min ).Cells
were then harvested, lysed and subjected to
Western blot analysis with antibodies that
recognize phosphorylated JNK and p38 and
anti-JNK and p38.
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Figure 5. MAPK specific inhibitor PD98059
dose-dependently inhibited EGF-induced
A431 cel proliferation. A431 cels were
pretreated with PD98059 for different dose ( 20
to 160 mM) for 30 min and then treated with
EGF 10 ng/ml for 24 hr. p vaues were
calculated by student's ¢ test. Cells were then
harvested and subjected by MTT assay. **
Statistically significant attenuation in PD98059
40 ng/ml compared with EGF 10 ng/ml treated
cells. ( P<0.01)
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Figure 6. Effects of EGF-induced COX-2
expression. A431 cells were seeded at a density
of 2.5x 10° cells/well in 60 mm plates. The next
day, cells were starvated for serum-free medium
for 24 hr. After 24 hr, A431 cells were re-treated
with fresh serum-free medium containing EGF
10 ng/ml for 160 min and Western blot analysis
of the expression COX-2 and COX-1. Proteins
recognized by each antibody are indicated on
the right hand side. The cells were harvested at
different time points. 50ng protein were
extracted and analyzed in each lane.
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Figure 7. MAPK specific inhibitior PD98059
inhibited EGF induced MAPK
phosphorylation associated with suppressing
COX-2 induction. A431 cells were treated with
different dose ( 20 to 160 nM ) for 30 min prior
to stimulation for 10 min with EGF 10 ng/mL
for phosphorylated EGFR and ERK1/2 ( A )
or stimulation for 160 min for COX-2 (B ). The



activation state of EGFR and ERK1/2 was
determined by SDS-PAGE separation of 50 ny
of whole cell lysate followed by Western blot
with anti-phospho-EGFR and ERK1/2 and
COX-2 antibodies.
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Figure 8. NSAIDs inhibited EGF-induced
PGE; production. A431 cells were pretreated
NSAID ( including Aspirin 2 to 4 mM,
diclofenac 50 to 100 nM and indomethacin 100
to 200 mM ) for 30 min and treated with EGF 10
ng/ml for 24 hr. Cell viability was detected by
MTT assay. p vaues were calculated by
student's t test. Cells were then harvested and
subjected by MTT assay. ** Statisticaly
significant attenuation in NSAID compared with
EGF 10 ng/ml treated cells. ( P<0.01)
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Figure 9. Reversal by the extra PGE, of the
suppressive effect of PD98059 and NSAIDs
on EGF-induced proliferation.
Serum-starvated A431 were treated with
( A )PD98059 ( 160 M ) , ( B ) NSAID
( Aspirin and diclofenac ) for 30 min and then
treated with EGF 10 ng/ml and PGE; 1 ng/ml.
Cel density was measured by MTT assay.
( A ) .Adterisk ( * ) denotes a significant
differences with P < 0.01 between the group
with EGF 10 ng/ml treatment. # denotes a
significant differences with P < 0.01 between
the PD98059 group with or without PGE; 1
ng/mL treatment. ( B ). Asterisk ( * ) denotes
a significant differences with P < 0.01 between
the aspirin group with or without PGE; 1 ng/ml
treatment. # denotes a significant differences
with P < 0.05 between the diclofenac group
with or without PGE; 1 ng/ml treatment.
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Figure 10. The suppressive effect of PD98059
on EGF-induced ERK expresson can not
reversed by PGE2. Serum-starvated A431 cells
were pretreated PD98059 80 and 160 niM CIfor
30 min then treated with EGF (10 ng/ml) and
PGE; 1 ng/ml for 10 min and the expression
of protein was detected by Western blot with
anti-phospho-ERK 1/2 and anti-ERK 1/2
antibodies.
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Figure 11. The suppressive effect of PD98059
on EGF-induced COX-2 expression can be
reversed by PGE2, Serum-starvated A431 cells
were pretreated PD98059 80 and 160 M [ifor
30 min then treated with EGF ( 10 ng/ml ) and
PGE; 1 ng/ml for 160 min to detect COX-2
fand COX-1 protein expression by Western bl ot.
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Figure 12. Inhibitory effects of flavonoids on
EGF induced phorylated MAPK/ERKS
expression. Cells were treated with EGF 10

ng/ml with indicated compound ( 200 "M ) for
10 min and the protein expression were detected
by 8 % SDSPAGE separation of 50 ng of
whole cdll lysate followed by Western blot with
anti-phospho-EGFR and ERK1/2 antibodies.
F.:Flavonone ~ F,:2'-OH flavanone ~ F;:4-OH
flavanone F4:6-OH flavanone ~ Fs:7-OH
flavanone - Fg:taxifolin ~ Fzzwogonin and Fg:
fisetin.
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Figure 13. 2'-OH flavanone 4'-OH flavanone
and fisetin showed the significant inhibition
on EGF-induced COX-2 expression. Cells
were treated with EGF 10 ng/ml with indicated
compound ( 200 M ) for 10 min and the
protein expresson were detected by 8 %
SDS-PAGE separation of 50 ng of whole cell
lysate followed by Western blot with
anti-COX-2 and COX-1 antibodies.
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Figure 14. 4'-OH flavanone showed the
dose-dependent inhibition on EGF-induced
MAPK and EGFR phosphorylation. A431
cells were pretreated with 4'-OH flavanone ( 25

4'-OH flavanone



to 200 mM ) for 30 min and then treated with
EGF 10 ng/ml for 10 min and the
phosphorylation ERK1/2 protein expression was
detected by Western blot.
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Figure 15. 4'-OH flavanone showed the
dose-dependent inhibition on EGF-induced
COX-2 phosphorylation. A431 cels were
pretreated with 4'-OH flavanone ( 25 to 200
mM ) for 30 min and then treated with EGF 10
ng/ml for 160 min and COX-2 and COX-1
protein expression was detected by Western
blot.
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Figure 16. Fisetin showed the dose-dependent
inhibition on EGF-induced MAPK and
EGFR phosphorylation. A431 cels were
pretreated with fisetin ( 25 to 200 nM )for 30
min and then treated with EGF 10 ng/ml for 10
min and the EGFR and ERK protein expression
was detected.
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Figure 17. Fisetin showed the dose-dependent
inhibition on EGF-induced COX-2
phosphorylation. A431 cells were treated
fisetin ( 25 to 200 nM ) for 30 min and then
treated with EGF 10 ng/ml for 160 min and the
COX-2 and COX-1 protein expression was
detected. The activation state of COX-2 was
determined by SDS-PAGE 8 % separation of 50
nmg of whole cell lysates followed by Western
with anti-COX-2 and COX-1.
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Figure 18. Reversal by the extra PGE2 of
the suppressive effect of 4'-OH flavanone
on EGF-induced proliferation.
Serum-starvated A431 were treated with 4'-OH
flavanone (25 to 200 M ) for 30 min and then
treated with EGF 10 ng/ml and PGE; 1 ng/ml.
Cell density was measured by MTT assay.
Asterisk ( * ) denotes a significant differences
with P < 0.01 between the group with EGF 10



ng/ml  treatment. # denotes a significant
differences with P < 0.01 between the group
with or without PGE, 1 ng/ml treatment. Data
were described as mean = SEM of at least three
independent experiments.
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Figure 19. Reversal by the extra PGE2 of
the suppressive effect of fisetin  on
EGF-induced proliferation. Serum-starvated
A431 were treated with fisetin (25 to 200 MM )
for 30 min and then treated with EGF 10 ng/ml
and PGE; 1 ng/ml. Cell density was measured
by MTT assay. Asterisk ( * ) denotes a
significant differences with P < 0.01 between
the group with EGF 10 ng/ml treatment. #
denotes a significant differences with P < 0.01
between the group with or without PGE, 1
ng/ml treatment. Data were described as mean +
SEM of at least three independent experiments.
* P< 0.05, ** P< 0.01 Data were described as
mean * SEM of a least three independent
experiments.(* P< 0.05, ** P< 0.01 versusEGF
10 ng/ml, ## versusfisetin 200 mM )
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Figure 20. Significant attenuation of

EGF-induced PGE, production by indicated
compounds. Serum-starvated A431 were
treated with PD98059 80 to 160 mM ~ Aspirin 2
to 4 mM -~ Diclofenac 100 to 200 nM ~ 4-OH
flavanone and fisetin 100 to 200 nM. After 24
hrs, medium were detection by 430 nm. Asterisk
( * ) denotes a significant differences with P <
0.01 between the group with EGF 10 ng/ml
treatment. ## denotes a significant differences
with P < 0.01 between with control.
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Figure 21. Supresson of EGF-induced

colonies by 4'-OH flavanone and fisetin. A431
cells were treated with EGF 10 ng/ml with or
without indicated compounds for 2 weeks. Data
were described as mean = SEM of at least three



independent experiments. Asterisk ( * ) denotes
a significant differences with P < 0.01 between
the group with control treatment. # denotes a
significant differences with P < 0.05 between
fisetin 200 MM with or without PGE; 1 nmg/ml.
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