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grating the upper chamber)
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Abstract

To investigate the inhibitory effect of imatinib on the migration of normal
human epidermal melanocytes (NHEM), the growth and differentiation of
NHEM were measured by MTT assay. Transwell Cell Migration Assay was
performed to determine the migration of NHEM following imatinib
treatment. The phosphorylation of c-kit in NHEM after imatinib treatment
was measured by Western blot assay. Imatinib at 0.1, 1.0 and 5.0 pM could
inhibit the SCF (50 ng/mL) induced NHEM migration and suppress the
phosphorylation of c-kit in NHEM. The result concluded that imatinib can
inhibit SCF induced NHEM migration and suppress the c-kit phosphorylation
in NHEM. This provide theoretical basis for the prevention of post-treatment
recurrence of nevusspilus.

Introduction

Imatinib mesylate is an inhibitor of tyrosine kinase and
recently applied in the treatment of chronic myeloge-
nous leukemia which may be attributed to the blocking
of activities of Bcr-abl, V-abl, C-abl, PDGF receptor and
c-kit tyrosine kinase (Deininger et al., 1997). Melano-
cytes have expression of c-kit and c-kit plays important
roles in the survival, migration and pigment synthesis
of melanocytes (Halaban, 2000). Imatinib could inhibit
the proliferation of normal dermal and scleroderma
fibroblasts at least partly via the inhibition of the
phosphorylation of platelet-derived growth factor
receptor, which suggests that imatinib can serve as
therapy to limit dermal fibroblast proliferation in
scleroderma (Soria et al., 2008). Thus, we speculated
that imatinib could inhibit the migration of melanocytes
and might be used as a drug for the prevention of post-
treatment recurrence of nevus spilus. In the presence
study, normal human epidermal melanocytes (NHEM)
were collected and cultured and the suppressive effects
of imatinib on the growth and migration of NHEM
were investigated aiming to explore the potential

mechanisms underlying the inhibited growth and
migration following imatinib treatment.

Materials and Methods
Cell line, antibodies and reagents

C-kit polyclonal antibody (H-300), p-c-kit, p-Tubulin (D
-10) (USA), stem cell factor (SCF;, PEPRO TECH EC
LTD, UK), ECL kit (Amersham Pharmacia biotech),
imatinib mesylate (Imatinib; Novartis Japan), NHEM
cell line (Cascade biotech, Co., Ltd), HuMedia-kB2
culture medium, human melanocyte growth
supplement (HMGS) (Kurabo, Japan) and cell count kit
8 (Wako Pure Chemical Industries) were used in the
present study.

Culture of NHEM and MTT assay of NHEM prolifera-
tion

NHEM was thaw and maintained in HuMedia-kB2
containing 1% HMGS. NHEM was added into 96-well
plate (1 x 10*/well) followed by incubation for 24
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Figure 1: Effects of SCF and imatinib on NHEM proliferation (4
hours after addition of cell count kit 8 reagent). 1: Control
group; 2:10 ng/mL SCF; 3:20 ng/mL SCF; 4.5 ng/mL SCF; 5. .1
uM imatinib; 6.1.0 uM imatinib; 7.5.0 uM imatinib; 8.10.0 uM
imatinib; 9.5 ng/mL SCF + 0.1 uM imatinib; 10.5 ng/mL SCF +
1.0 uM imatinib; 11.5 ng/mL SCF + 5.0 uM imatinib; 12.5 ng/
mL SCF + 10 uM imatinib (control group: HuMedia-kB2 con-
taining 10% FBS alone )
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Figure 2: Imatinib inhibits the SCF induced c-kit phosphoryla-
tion in NHEM (western blot assay). 1: Control group; 2:10 ng/
mL SCF; 3:20 ng/mL SCF; 4.5 ng/mL SCF; 5. 0.1 pM imatinib;
6.1.0 uM imatinib; 7.5.0 uM imatinib; 8. 10.0 uM imatinib; 9.5
ng/mL SCF + 0.1 uM imatinib; 10. 50 ng/mL SCF + 1.0 uM
imatinib; 11.5 ng/mL SCF + 5.0 uM imatinib; 12.5 ng/mL SCF
+ 10 pM imatinib (control group: NHEM without SCF and
imatinib)

hours. The medium was refreshed with HMGS free
HuMedia-kB2 containing 10% FBS followed by incuba-
tion for 24 hours. Then, SCF at 10~50 ng/mL and
imatinib at 0.1~10.0 pM were added to each well
followed by incubation for 24 hours. At 4 hours before
detection, cell count kit 8 solution (10 uL) was added
and optical density (OD) was measured at 1, 2 and 4
hours after incubation at 450 nm.

Detection of effect of imatinib on NHEM migration

The 24-well Boyden chamber was employed for detec-
tion of effect of imatinib on NHEM migration. The
fibronectin (FN; 10 pg/mL) coated 0.8 pm pore size
insert was added to the upper chamber and then 1 x 105
NHEM and HuMedia-kB2 containing 0.00, 0.1, 1.0, 5.0
and 10.0 pM imatinib and 1% HMGS were supple-
mented. The lower chamber was divided into 4 groups:
Group A: only HuMedia-kB2 medium was added;
Group B: HuMedia-kB2 containing 50 ng/mL SCF was
added; Group C: HuMedia-kB2 containing 10% FBS
was added; Group D: HuMedia-kB2 containing 10%
FBS and 50 ng/mL SCF was added. Five days later, the
number of cells migrating from the upper chamber was
counted.

Western blot assay of p-c-kit expression in NHEM
NHEM was maintained in HuMedia-kB2 without

HMGS and 10% FBS for 24 hours and then the medium
was refreshed with HuMedia-kB2 containing 10% FBS
followed by addition of imatinib at different concentra-
tions. Following incubation for 90 min, SCF at different
concentrations was added to the supernatant followed
by incubation for 15 min. Then, 1 x 10¢ cells were
harvested and underwent lysis in 100 pL of lysis buffer
(0.15 mmol NaCl, 5 mmol EDTA, 1% Triton X-100, 10
mmol Tris-Cl, 5 mmol DTT, 0.02 mmol PMSF) for 30
min. Centrifugation was performed at 10,000 rpm for 10
min and the supernatant was collected for determina-
tion of protein concentration. The protein concentration
was adjusted to 0.03 mg/mL and the protein solution
(supernatant) was heated at 70°C for 5 min and then
allowed to keep on ice for 5 min. Then, 20 pL of protein
solution was mixed with loading buffer of appropriate
volume and the mixture was subjected to 10% SDS-
PAGE (120V, 60 min). The proteins were then trans-
ferred onto PVDF membrane which was then blocked
in BSA overnight. The ECL protein detection reagents
and ECL protein analysis system were employed for
detection. The primary antibody was anti-mouse p-Tyr
(PY99) (p-c-kit) monoclonal antibody and anti-mouse -
tubulin (D-10) monoclonal antibody. The PVDF mem-
brane was incubated with primary antibody at 1:1,000
for 1 hours at room temperature and then with HRP
conjugated goat anti-mouse secondary antibody (IgG)
at 1:5000 for 30 at room temperature. After washing of
PVDF membrane, the reagent 1 and 2 were mixed at a
ratio of 1:1 and PVDF membrane was treated this
mixture for 1 min. Visualization was performed in X-
ray film for 3 min.

Statistical analysis

Microsoft Excel was employed for statistical analysis
which was performed with F-test and then with two-
tailed student "t" test. A value of p<0.05 was considered
statistically significant.

Results

Firstly, NHEM was treated with SCF at four concentra-
tions (10, 20, 50 and 100 ng/mL) and the cell prolifera-
tion was measured. Results showed the proliferation of
NHEM was comparable after treated with SCF at 50
and 100 ng/mL. Thus, SCF at 10, 20 and 50 ng/mL was
used for further experiments. Our results revealed after
treatment with 10 ng/mL SCF for 24 hours, the
proliferation of NHEM was significantly increased
when compared with untreated NHEM (p= 0.005;
Figure 1). When the SCF concentration was increased to
50 ng/mL, the NHEM proliferation was still dramati-
cally elevated. Thus, in the detection of NHEM migra-
tion, only SCF at 50 ng/mL was used. However,
imatinib at 0.1, 1.0, 5.0 and 10.0 uM had no effect on the
proliferation of NHEM (Figure 1).
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Table I

Effect of 50 ng/mL SCF and imatinib at different concentrations on NHEM migration (number of cells mi-

grating the upper chamber)

Control group Imatinib concentration (1M)

0.1 1.0 5.0 10.0
A (Serum free medium) 13.0+£27 77+15 6.0+£27 2017 3.0+£17
B (50 ng/mL SCF) 127.0+9.9a 68.7+75 253+15 17.0+£3.6 57+15
C (10% FBS) 383+7.6 32.7+£6.7 15.0+£78 11.0£1.7 11.7+£15
D (10% FBS and 50 ng/mL SCF) 252.3 +29.4b 2773 +17.6 144.6 £3.5 30027 43+15
P1 0.001 0.003 0.0 0.002
P2 0.3 0.02 0.005 0.005
ap= 0.00004: Group B vs Group A; bp= 0.00026 Group D vs Group C; P1: P value in the investigation of effect of imatinib at different concentra-
tions on NHEM migration in Group B; P2: P value in the investigation of effect of imatinib at different concentrations on NHEM migration in
Group D

Table IT

Imatinib inhibits the SCF induced c-kit phosphorylation in NHEM (western blot assay)

1 2 3 4 5 6 7 8 9 10 11 12
P-ckit 0 305946 106003 159238 0 0 0 0 243810 47885 0 0
B- 48576 273780 99630 379270 455328 313500 423555 488870 391986 209848 306666 216440
tublin
Ratio 0 11175 1.0640  0.4199 0 0 0 0 0.6220  0.2282 0 0

1: Control group; 2:10 ng/mL SCF; 3:20 ng/mL SCF; 4.5 ng/mL SCF; 5.0.1 uM imatinib; 6.1.0 uM imatinib; 7. 5.0 uM imatinib; 8.10.0 pM imatinib;
9.5 ng/mL SCF + 0.1 uM imatinib; 10.5 ng/mL SCF + 1.0 pM imatinib; 11.5 ng/mL SCF + 5.0 uM imatinib; 12.5 ng/mL SCF + 10

uM imatinib (control group: NHEM without SCF and imatinib)

In the Group A, the number of cells migrating from the
upper chamber was extremely small (Table I). In the
Group C, there was still small number of cells migrating
from the upper chamber. After addition of SCF at 50
ng/mL to the lower chamber, the number of NHEM
migrating from the upper chamber was markedly
increased irregardless of the presence of FBS in the
lower chamber (Table I, Figure 1, Figure 2) (p=0.00004
Group B vs A; p=0.00026 Group D vs C). This result
suggests SCF can stimulate the migration of NHEM.
After addition of 50 ng/mL SCF, imatinib could mar-
kedly inhibit the SCF induced migration of NHEM as
compared to control group (without imatinib), which
was in a imatinib concentration dependent manner: The
higher the concentration of imatinib, the more obvious
the suppression of NHEM migration (Table I).

Cells were harvested and Western blot assay was
employed to detect the expressions of B-tubulin and p-
Tyr (p-c-kit). Results showed, in the absence of SCF, the
expression of p-c-kit was very low in NHEM (band 1).
After addition of SCF, the phosphorylation of c-kit was
marked increased in NHEM (Bands 2, 3, 4). In addition,
imatinib could inhibit the SCF induced c-kit phosphory-
lation (Bands 9, 10, 11, 12), which was in a imatinib
concentration dependent manner: The concentration of
imatinib, the lower the expression of p- c-kit (Figure 2;
Table II).

Discussion

Nevus spilus is usually treated with laser treatment,
pulse treatment, cryotherapy, etc. However, the post-
treatment recurrence has been a challenge for dermato-
logists (Grevelink et al, 1997). The cause of post-
treatment recurrence may be related to the migration of
melanocytes and the pigment synthesis (Bergamaschi et
al., 1993). Melanocytes originate from neural crest and
the pigment synthesis in melanocytes is associated with
tyrosinase. Thus, we speculated that inhibition of tyro-
sine kinase may be used to inhibit the growth, migra-
tion and pigment synthesis of melanocytes. Imatinib as
imatinib mesylate has molecular formula
C29H31N70 CH4SO; with the molecular weight of 589.7.

Pharmacologically, it can inhibit the tyrosine kinase at
cell level and selectively suppress the proliferation and
induce the apoptosis of Ber-Abl positive cells, Ph
positive chronic granulocytic leukemia cells and acute
lymphoblastic leukemia cells (Druker et al., 1996).
Imatinib has been reported to inhibit melanogenesis in
vitro (Cario-André et al., 2006). In addition, Imatinib can
inhibit the tyrosine kinase of platelet derived growth
factor (PDGF) receptor and SCF c-kit receptor, which
then abolish the PDGF and SCF induced cellular beha-
viors. Melanocytes express c-kit and their proliferation
is controlled by SCF (Kawakami et al., 2002).
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Thus, in the present cells, NHEM which was isolated
from the prepuce of healthy subjects was employed for
investigation. The effect of SCF on the NHEM growth
and that of imatinib on NHEM migration were investi-
gated. Firstly, we explored the optimal concentration of
SCF at which SCF promoted NHEM growth and the
optimal concentration of imatinib at which imatinib
inhibited NHEM proliferation (unpublished). Our
results revealed SCF at 10 ng/mL could stimulate the
NHEM growth and the NHEM growth was comparable
after treatment with SCF at 50 and 100 ng/mL. Thus, in
the detection of NHEM migration, only v SCF was
applied. At the same time, the concentration of imatinib
was also determined with which it could inhibit the
NHEM proliferation. When the imatinib concentration
was higher than 10 uM, the NHEM proliferation was
markedly suppressed. Thus, in the experiment on the
NHEM migration, imatinib at 10 pM was used which
could not inhibit the NHEM proliferation. FN is a main
component of basement membrane. Before detection of
cell migration, the upper chamber was pre-coated with
FN and imatinib was added to the upper chamber and
SCF to lower chamber. Our findings indicated SCF
could promote the NHEM migration and imatinib
could inhibit SCF induced NHEM migration in a
concentration dependent manner. To investigate the
mechanism underlying the suppression of NHEM
migration following imatinib treatment, the p-c-kit
expression was measured by western blot assay. Results
revealed imatinib could inhibit the c-kit phosphoryla-
tion. Thus, we speculate that the suppression of NHEM
migration by imatinib may be related to the inhibition
of c-kit phosphorylation following imatinib treatment.
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