Effect of curcumin on the proliferation,
apoptosis, migration, and invasion of human
melanoma A375 cells
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ABSTRACT. Malignant melanoma is a melanocytic tumor with
a high potential of invasion and metastasis. Curcumin is extracted
from Curcuma longa L.; curcumin has anti-tumor efficacy in multiple
systemic malignancies. Here, we investigated the effect of curcumin
on A375 human melanoma cells. A375 cells were cultivated, passaged,
and treated with different concentrations of curcumin. We observed
the cellular morphology and determined the migration, invasion,
proliferation, and apoptosis of A375 cells in vitro. Our results showed
that curcumin induced a significant change in the morphology of A375
cells. Compared to the control group, the groups treated with curcumin
showed significantly wider scratches, and the number of A375 cells
significantly decreased in the 12.5, 25, and 50 uM curcumin groups
(P < 0.05 or < 0.01). The rates of proliferation inhibition in the 5
curcumin groups were 19.38 + 3.57%, 35.56 £ 4.37%, 63.98 + 5.95%,
86.38 = 3.91%, and 95.56 + 3.15%. The half-maximal inhibitory
concentration of curcumin at 48 h was 10.05 uM. The rates of apoptosis
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in 6.25 and 12.5 uM curcumin groups were significantly higher (P <
0.05), phosphorylation levels of JAK-2 and STAT-3 in 10 and 20 uM
curcumin groups were significantly lower (P < 0.05), and Bcl-2 protein
expression in 1, 2.5, 5, 10, and 20 curcumin groups was significantly
lower (P < 0.05) than that in the control group. In conclusion, curcumin
has antiproliferative and proapoptotic activities on A375 cells, the
mechanism of which may be related to the inhibition of JAK-2/STAT-3
signaling pathway.
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INTRODUCTION

Malignant melanoma (MM) is a melanocytic tumor with a high potential of invasion
and metastasis. Melanocytes originate from the ectodermal neural crest, and thus, cutaneous
MM is the most common type of MM (Cummins et al., 2006; Ravdel et al., 2006). MM is not
sensitive to radiotherapy, and therefore, patients with advanced MM generally receive a com-
prehensive treatment, including medical therapy. The medications mainly used include con-
ventional chemical drugs such as dacarbazine, with a single-drug efficacy of only 7.5-12.2%.
Thus, these drugs kill the normal human cells in addition to the cancer cells (Avril et al., 2004;
Bedikian et al., 2006; Middleton et al., 2000).

In the recent years, some botanical extracts have displayed unique anti-tumor activi-
ties. An increasing number of studies have shown that these plant extracts or active ingredients
have the potential for cancer treatment. Several experiments are currently being performed to
study the preventive and therapeutic effects of these natural plant extracts against various ma-
lignancies, which will provide a new direction for studies on the prevention and treatment of
MM. Curcumin, a pigment extracted from Curcuma longa L., is one such plant extract. Many
in vitro and in vivo studies have shown that curcumin exhibits anti-tumor efficacy in multiple
systemic malignancies such as gastrointestinal tract cancer, urinary tract cancer, breast cancer,
and lung cancer. The effects of curcumin toward malignancies are less presented. Few stud-
ies have shown the in vitro anti-tumor effects of curcumin on MM cells. In the recent years,
curcumin, which is an edible chemical obtained from plants, has been used to repair photo-
damaged skin and to prevent the deterioration and formation of sunlight-induced skin cancer,
and it has become the focus of many studies. A new study by Chatterjee and Pandey (2011)
suggests that the combination of curcumin and tamoxifen can induce apoptosis and autophagy
in melanoma cells. Moreover, this combination therapy does not affect the noncancerous cells.
In addition, curcumin shows cytotoxic activity against adriamycin-resistant melanoma cells.
Animals receiving the combination of curcumin and soluble immune globulin showed en-
hanced humoral immune response along with an increase in the average survival period (Odot
et al., 2004). The analysis of the inhibitory effects of orally administrated polyphenols against
lung metastasis showed that administration of curcumin or catechin had the highest efficacy in
mice that were vaccinated with melanoma cells. Curcumin and catechin significantly inhibit
the lung tumor nodules and increase the average life of tumor-bearing mice, and simultane-
ously decrease the levels of lung collagen hydroxyproline and serum sialic acid significantly
(Menon et al., 1995). In this study, we examined the effect of curcumin on proliferation, apop-
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tosis, migration, and invasion of A375 human melanoma cells through in vitro experiments. Our
objective is to provide a basis for the application of curcumin for clinical treatment of MM.

MATERIAL AND METHODS
Cultivation and passage of A375 cells

A375 human melanoma cells were purchased from Shanghai Institute of Cell Biology,
Chinese Academy of Science (Shanghai, China). The cells were cultured in high-glucose Dul-
becco’s modified Eagles medium (DMEM, GIBCO Inc., CA, USA) containing 10% fetal bovine
serum (FBS) at 37°C, 5% CO,, and 95% humidity. When the cells reached 80-90% fusion, the
old culture medium was discarded, and the cells were washed 3 times with phosphate-buffered
saline (PBS). A small amount of 0.25% trypsin was added to cover the cell surface, and the cells
were observed under a microscope. When the spindle cells, which were originally adhered to the
walls, began spreading and becoming round, an equal volume of high-glucose DMEM contain-
ing 10% FBS was added to terminate the digestion. The cells adhered were detached by gentle
pipetting. The cell suspension was centrifuged at 1500 rpm for 5 min, and then the supernatant
was discarded. High-glucose DMEM containing 10% FBS was added, and then, the cells were
pipetted to obtain a single-cell suspension. Subsequently, the suspension was dispensed into a
75-cm? flask for further cultivation (37°C, 5% CO,, and 95% humidity).

When the cells grew to 80% fusion, 0.25% trypsin was added for digestion. Then, the
cells were washed twice with PBS. The mixture was centrifuged at 1500 rpm to precipitate the
cells. High-glucose DMEM, fetal calf serum (GIBCO Inc.), and dimethyl sulfoxide (DMSO)
(ratio, 6:3:1) were added to prepare a cell suspension, and the cell concentration was adjusted
to 1 x 10° cells/mL. We dispensed 1 mL of the cell suspension into a 1.5-mL tube and stored
at -80°C overnight. Before recovery, a water bath was preheated to 37°C and a clean bench
and related test equipment were prepared. The tube containing the cryopreserved cells was
removed and immediately put into the water bath followed by constant shaking for 1-2 min
for rapid melting. The thawed cells were transferred into 5 mL high-glucose DMEM and cen-
trifuged at 1200 rpm for 5 min. The supernatant was then discarded and 10 mL high-glucose
DMEM containing 10% FBS was added to prepare a cell suspension. The cell suspension was
then transferred into a 75-cm? flask and cultured (37°C, 5% CO,, and 95% humidity).

Determination of the migration of A375 cells

The migration of A375 cells was determined using a scratch experiment. A375 cells
were cultured using the conventional method in RPMI 1640 containing 10% FBS until the cells
grew to 100% fusion. A sterile tip was used to make scratches on the glass slide. The scraped
cells were washed with PBS. Fibronectin was added to the wells followed by 3.125, 6.25, 12.5,
25, and 50 uM of curcumin. Saline was added to the control group. The samples were incubated
for 48 h, and the cell growth was observed under a microscope in random 5 vision fields.

Determination of the invasion of A375 cells

The invasion of A375 cells was determined using the Transwell chamber invasion
assay. We used an 8-um Millipore membrane coated with collagen matrix. The cells treated
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with 3.125, 6.25, 12.5, 25, and 50 uM of curcumin were digested with 0.25% trypsin, and
then, were seeded into the upper chamber of the Transwell at a concentration of 1 x 10° cells/
well. The lower chamber was filled with 10% FBS, and the cells were cultured for 16 h. The
membrane was removed and the upper side was wiped with a cotton swab. Subsequently, the
membrane was fixed with methanol for 10 min. The number of cells in 5 vision fields was
counted using a high-resolution microscope, and the average number of cells was calculated.

Determination of the mRNA and protein expression levels of MMP-2, MMP-9, and
TIMP-2 in A375 cells

We determined the mRNA expression levels of MMP-2, MMP-9, and TIMP-2 in
A375 cells using reverse transcription polymerase chain reaction (RT-PCR). The A375 cells
were treated with 50 uM curcumin and incubated for 48 h. The cells were collected and RNA
was extracted using the conventional method. RT-PCR was performed according to manufac-
turer instructions (RT-PCR kit was purchased from Beijing Aithen Biotechnology Co., Ltd.,
Beijing, China). The RT-PCR conditions were as follows: 95°C for 4 min; 25 cycles of 95°C
for 30 s, 58°C for 40 s, and 72°C for 30 s followed by 72°C for 10 min. RT-PCR amplification
products were separated using 1% agarose gel electrophoresis followed by image scanning.
The density was analyzed using a gel imaging analysis system, and glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH, Cell Signaling Technology, USA) was used as an internal
reference. The ratio of target gene density to GAPDH density was used for comparison.

The expression of MMP-2, MMP-9, and TIMP-2 proteins in A375 cells was deter-
mined using Western blotting. A375 cells were treated with 50 uM curcumin and incubated for
48 h. The cells were collected, and the proteins were extracted for quantification. Sodium do-
decyl sulfate-polyacrylamide gel electrophoresis was performed, and the protein bands were
electrically transferred onto polyvinylidene fluoride (PVDF) membrane and blocked with 5%
skimmed milk at room temperature for 2 h. The corresponding primary antibody was added,
and the membranes were incubated overnight at 4°C. After washing 3 times with PBS, the cor-
responding secondary antibody horseradish peroxidase-conjugated IgG (HRP-IgG; 1:1000;
Cell Signaling Technology) was added and incubated for 2 h at room temperature. Chemilumi-
nescence staining was performed and the absorbance of the bands was measured. GAPDH was
used as an internal reference. The ratio of target protein absorbance to GAPDH absorbance
was used for comparison.

Determination of the proliferation of A375 cells

Curcumin (purity, 95%) was purchased from Sigma-Aldrich Corp. (MO, USA). A375
cells in the log phase of growth (24-72 h) were collected, and high-glucose DMEM containing
10% FBS was added to adjust the cell concentration to 1 x 10° cells/mL. The cell suspension
was seeded on a 96-well plate (180 puL/well), and the edges were filled with an equal volume
of PBS, followed by incubation for 12 h (37°C, 5% CO,, and 95% humidity). Five curcumin
groups (concentrations 3.125, 6.25, 12.5, 25, and 50 uM) and one control group (with drug-
free medium) were set. Serum-free high-glucose DMEM containing different concentrations
of curcumin was added to the wells, with 6 wells for each concentration, and the plates were
incubated at 37°C, 5% CO,, and 95% humidity for 48 h. After pipetting out the old medium
and washing with PBS, 20 uL of 5 mg/mL MTT was added, and the cells were incubated
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for 4 h. Subsequently, the supernatant was removed, and 150 pL of DMSO was added, and
the plates were shaken for 10 min to completely dissolve the crystals. The plate was then
placed under a microplate reader to determine the absorbance value of each well at 490 nm
(OD490). The mean was used to calculate the rate of inhibition of cell growth. The experiment
was repeated 3 times. The rate of inhibition was calculated as follows: inhibition rate (%) =
(OD490 -0D490 )/ (0OD490 -0D490 ) x 100%. Inhibition curves were drawn,

control curcumin control zero

and the half-maximal inhibitory concentration (IC,)) of curcumin was calculated.
Determination of apoptosis of A375 cells

The apoptosis of A375 cells was determined using double-labeled flow cytometry.
A375 cells in the log phase of growth were collected and digested using the conventional
method with 0.25% trypsin. A single-cell suspension was prepared with high-glucose DMEM
containing 10% FBS. The cell density was adjusted to 1 x 10° cell/mL. The cells were then
evenly inoculated on a 6-well plate, with 2 mL in each well, and incubated at 37°C, 5% CO,,
and 95% humidity for 48 h. The old medium was discarded, and high-glucose DMEM contain-
ing different concentrations of curcumin (3.125, 6.25, and 12.5 uM) was added to each well.
Drug-free high-glucose DMEM was used as a control. After 48 h, ethylenediaminetetraacetic
acid (EDTA)-free trypsin was used for rapid digestion. Then, the mixture was centrifuged
at 2000 rpm for 5 min to collect the cells. After washing twice with PBS and centrifugation
at 2000 rpm for 5 min, the cells were suspended in 500 pL binding buffer. Annexin V-FITC
(5 pL; Beijing Aithen Biotechnology Co., Ltd., China) was added, and the cells were gently
oscillated followed by the addition of 5 pL of propidium iodide (PI) and incubation at room
temperature for 15 min. Finally, flow cytometry was performed to determine apoptosis.

Determination of the expression of JAK-2, STAT-3, and Bcl-2 proteins

A375 cells in the log phase of growth were collected and digested with 0.25% trypsin.
High-glucose DMEM containing 10% FBS was used to resuspend the cells. The cell density
was adjusted to 1 x 10° cells/mL, and the cells were seeded on a 6-well plate with 2 mL in
each well. The mixture was cultured at 37°C, 5% CO,, and 95% s for 24 h, and then, the
old medium was discarded. On the basis of the IC, values obtained from the above experi-
ments, the concentrations of curcumin were set as 1, 2.5, 5, 10, and 20 uM (curcumin groups).
We added 2 mL of DMEM containing curcumin on each well of the 6-well plate. Drug-free
DMEM was used as control. After 48 h, the cells were collected, lysed, and centrifuged. The
supernatant was obtained and the protein concentration was measured using the bicinchoninic
acid method. The expression of JAK-2 and STAT-3 proteins in the JAK-2/STAT-3 signaling
pathway and that of the anti-apoptotic Bcl-2 protein was determined using Western blotting.

Statistical analysis

Data are reported as means + standard deviation (SD). Statistical analysis was per-
formed using the SPSS 16.0 statistical software. The independent-sample Student #-test was
used to analyze the differences between the 2 groups. P < 0.05 was considered to be statisti-
cally significant.
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RESULTS
Effect of curcumin on the morphology of A375 cells

After treatment with curcumin for 48 h, the morphology of A375 cells markedly
changed. In the control group, the cells were spindle-shaped, with a clear outline and a large
nucleus and nucleolus. The cells adhered to the wall and showed monolayer growth. In the
curcumin groups, the number of A375 cells decreased significantly, particularly in the group
treated with a high concentration of curcumin, and a large area of the cells was lost. The cells
contracted and shrank, and some cells became round, with irregular shapes, and detached from
the adherent state (Figure 1).

Control (0uM) 3.125 uM 6.25 UM
12.5 M 25 uM 50 uM

Figure 1. Impact of curcumin on morphology of A375 cells (200X).

Effect of curcumin on the lateral migration of A375 cells

The scratches of A375 cells were significantly wider in the 5 curcumin groups than
in the control group; the most significant effect was observed in the 50 pM curcumin group.

Effect of curcumin on the invasion of A375 cells
Compared to the control group, the groups treated with 12.5, 25, and 50 uM of curcumin
showed a significant decrease in the number of A375 cells (P < 0.05 or P < 0.01); however, the

groups treated with 3.125 and 6.25 uM of curcumin did not show a statistically significant differ-
ence in the number of A375 cells compared to that in the control group (P > 0.05) (Table 1).

Table 1. Impact of curcumin on invasion of A375 cells.

Group Cell number
Control 85.15+11.28
Curcumin 3.125 uM 80.26 + 12.89
6.25 uM 75.45+9.38
12.5 uM 61.58 + 8.99*
25 uM 54.56 + 6.79*
50 uM 30.37 £ 9.65%*

*P <0.05 and **P < 0.01 compared with control group.
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Effect of curcumin on the expression of MMP-2, MMP-9, and TIMP-2 proteins in
A375 cells

While the expression of MMP-2 and MMP-9 proteins was significantly lower (P <
0.01), that of the TIMP-2 protein was significantly higher (P < 0. 01) in the 50 uM curcumin
group than in the control group (Table 2, Figure 2).

Table 2. Expressions of MMP-2, MMP-9, and TIMP-2 protein in A375 cells.

Group MMP-2 MMP-9 TIMP-2
Control 1.41+0.19 1.18+£0.27 0.52+0.07
Curcumin 0.49 +£0.07* 0.46 £ 0.08* 1.18+£0.16*

*P <0.01 compared with control group.

MMP-2

MMP-9

Control Curcumin
Figure 2. Expressions of MMP-2, MMP-9, and TIMP-2 protein in A375 cells.

Effect of curcumin on the proliferation of A375 cells

Results of MTT assay showed that after 48 h of treatment, the proliferation of A375
cells was significantly lower in each curcumin group than in the control group. The rates of
inhibition of proliferation in the 5 curcumin groups were 19.38 +3.57%, 35.56 + 4.37%, 63.98
+ 5.95%, 86.38 = 3.91%, and 95.56 = 3.15%. A significant difference was observed between
each curcumin group and the control group and between each of the 5 curcumin groups (P <
0.05). The dose-effect curve showed that the IC, | of curcumin at 48 h was 10.05 uM.

Effect of curcumin on the apoptosis of A375 cells

The results of flow cytometry showed that the rates of apoptosis of A375 cells in the
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control group and the 3.125, 6.25 and 12.5 uM curcumin groups after 48 h of treatment were
5.27 £ 1.07%, 8.37 £ 1.28%, 15.75 £ 1.67%, and 31.00 + 1.89%, respectively. The apoptotic
rates in the 6.25 and 12.5 uM curcumin group significantly increased (P < 0.05; Figure 3).

Control 3. 125 uM

Propidium iodide

PR LA
109 10! 102 103 10%
Annexin V-FITC

Figure 3. Results of flow cytometry.

Effect of curcumin on the expression of JAK-2 and STAT3 proteins and their
phosphorylation levels in the JAK-2/STAT-3 signaling pathway

Western blotting showed that the phosphorylation levels of JAK-2 and STAT-3 (p-
JAK2 and p-STAT3) after 48 h of treatment were significantly lower in the groups treated with
high concentrations of curcumin (10 and 20 pM) than in the control group (P < 0.05). The
p-JAK2 and p-STAT3 levels in the groups treated with low concentrations of curcumin (1,
2.5 and 5 uM) did not show a marked decrease (P > 0.05). The levels of JAK-2 and STAT-3
proteins in all curcumin groups did not change (P > 0.05). This finding indicated that curcumin
induced the apoptosis of A375 cells by inhibiting the phosphorylation of JAK-2 and STAT-3 in
the JAK/STAT pathway (Figure 4).

uM 0 1 25 5 10 20

JAK2 Gy P C—" Dy ey S

PIAKY | e —

STAT3 — N — y S

P-STAT3 | e umw v o —

GAPDH S —— CEES S— —— —

Figure 4. Protein expression and phosphorylation levels of JAK-2 and STAT-3.
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Effect of curcumin on the expression the antiapoptotic protein Bcl-2

Results of Western blot analysis showed that compared to the control group, the groups
treated with curcumin (1, 2.5, 5, 10, 20 pM) showed a significant dose-dependent decrease in
the Bcl-2 protein expression after 48 h of treatment. The Bcl-2 protein was hardly expressed
when the concentration of curcumin was 20 uM (Figure 5).

uM 0 1 23D O 10 20

Bcl-2 e

[3-actin Tyt CREED CESMD e — —

Figure 5. Expression of Bcl-2 protein.

DISCUSSION

A previous in vitro study has shown that curcumin and catechins inhibit the metastasis
of melanoma cells by inhibiting matrix metalloproteinases (MMPs) (Menon et al., 1999). Our
study showed results similar to those reported previously in which curcumin inhibited the
migration and invasion of A375 cells. MMP belongs to a family of Zn?*-dependent endog-
enous proteolytic enzymes and comprises at least 25 members. MMPs can degrade almost all
components of the extracellular matrix, except polysaccharides, and are involved in various
pathological and physiological processes such as invasion and metastasis of tumors. Among
the members of the MMP family, type IV collagenase is closely associated with the invasion
and metastasis of malignant tumors. There are 2 kinds of confirmed type IV collagenase:
the 72-kD type (MMP-2) and 92-kD type (MMP-9). A number of studies have shown that
overexpression of these 2 proteins is closely related to the invasion and metastasis of various
tissue malignant tumors such as breast cancer, prostate cancer, and lung cancer. The results of
RT-PCR and Western blot assay showed that the expression of MMP-2 and MMP-9 mRNAs
and proteins was higher in the A375 melanoma cells, and their expressions decreased when the
cells were treated with curcumin, which suggested that the inhibitory effect of the curcumin
against the migration and invasion of melanoma cells was related to the expression of MMP-
2 and MMP-9. Tissue inhibitors of metalloproteinases (TIMPs) inhibit the activity of MMP.
Previous studies have shown that the balance between MMP and TIMP is the determinative
factor in the maintenance of homeostasis of the extracellular matrix and the integrity of the
basement membrane (Okada, 1999; Wang et al., 2010). Our results showed that while the
expression of MMP-2 and MMP-9 was high in the A375 melanoma cells, that of TIMP-2 was
low, which indicated that MMP/TIMP imbalance may play an important role in the occurrence
and development of melanoma. This finding was consistent with that reported in other studies
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on tumor invasion (Hamsa and Kuttan, 2010). The action of curcumin decreased the expres-
sion of MMP-2 and MMP-9 in melanoma cells and increased the expression of TIMP-2, which
suggested that total peony glycoside (TPG) could downregulate the expression of MMP-2 and
MMP-9 and upregulate the expression of TIMP-2, thus adjusting the MMP/TIMP balance to
inhibit the migration and invasion of melanoma cells.

Studies about the mechanism of development and occurrence of tumors showed that
the signal transducers and activators of transcription (STAT) played an important role in the
occurrence, growth, invasion, and metastasis of melanoma. In normal tissue cells, the activa-
tion of STAT signaling pathway is fast and transient, whereas, in MM cells, the STAT signaling
pathway is in an overactivate state (Haura et al., 2005). A variety of extracellular signals such
as cytokines can activate the STAT signaling pathway. Upon binding with the cell membrane
surface receptors, the cytokines induce dimerization or oligomerization of the membrane re-
ceptors, which result in the mutual aggregation and phosphorylation of receptor-coupled Janus
kinase (JAK). This phosphorylation leads to the recruitment of STAT to the cytokine-recep-
tor complex through the SH2 domain, which leads to the phosphorylation of STAT tyrosine
residues. The activated STAT (p-STAT) dissociates from the complex and forms homo- or
heterodimers, which are translocated into the nucleus through nuclear localization signals
(Schindler et al., 2007). We performed in vitro studies to determine the effects of curcumin, a
natural plant extract, on the proliferation and apoptosis of A375 human melanoma cells. The
MTT assay showed that, compared to the control group, the group of A375 cells treated with
increasing concentrations of curcumin for 48 h showed an increase in the rate of inhibition
of cell proliferation, which indicated that curcumin exhibited a dose-dependent effect against
the proliferation of A375 cells. The dose-response curve indicated that the IC, | of curcumin
against the A375 cells was 10.05 uM.

The apoptosis study showed that when the A375 cells were treated with curcumin
for 48 h at a concentration of 6.25 uM or higher, the rate of apoptosis of tumor cells signifi-
cantly increased, which indicated that curcumin had apoptosis-promoting effects on human
melanoma cells.

Tumor cell apoptosis is induced by different drugs via numerous proapoptotic signal
transduction pathways, including the STAT pathway. STAT belongs to the family of cytoplas-
mic proteins, which comprises proteins such as STAT-1, STAT-3, and STAT-5, which can enter
the nucleus and combine with the corresponding DNA after activation. STAT proteins possess
a dual function of signal transduction and transcriptional regulation. Among these, STAT-3
exhibits the closest relationship with a variety of malignancies, including melanoma.

In normal cells, the activation of STAT-3 signal pathway is rapid and transient. Mes-
sina et al. (2008) found that STAT-3 is constitutively activated in human MM tissues, and the
expression of p-STAT3 is significantly increased; however, the expression of p-STAT3 is low
in benign nevi and normal melanocytes. Xie et al. (2004) found that in highly metastatic mela-
noma cells, the activity of STAT-3 was significantly increased, accompanied by the upregula-
tion of MMP-2. However, in the melanoma cells with low metastasis, the activity of STAT-3
and the expression of MMP-2 were significantly reduced. When a plasmid with recombinant
STAT-3 gene was transfected into these melanoma cells, the expression of MMP-2 was sig-
nificantly increased, whereas when a plasmid with a negative mutant of the S7TA7-3 gene was
transfected into highly metastatic melanoma cells, the expression of MMP-2 was significantly
inhibited. Therefore, the growth, invasion, and metastasis of MM were inhibited. A study by
Zhuang et al. (2007) showed that p-STAT3 promotes the proliferation of melanoma cells by
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regulating the high expression of downstream target proteins Bel-xL and Mcl-1. Lacreusette
et al. (2009) used small interfering RNA to silence the expression of STAT-3 and found that
resistance of partially metastatic melanoma toward oncostatin M (OSM, an anticancer drug)
was relevant with the dephosphorylation of STAT-3 Ser727. Furthermore, in vivo experiments
using mice showed that the protein inhibitor of p-STAT3 (PIAS3) had an important influence
on the regulation of the melanoma cell cycle (Yagil et al., 2009). In the recent years, a series of
studies have shown that the activation of STAT signaling pathway is not only closely related
with the proliferation of MM, escape of apoptotic signal, tumor invasion, and angiogenesis
of tumors, but also affects the therapeutic effects of interferons and various biological, che-
motherapeutic, and immunotherapeutic drugs against MM (Kortylewski and Yu, 2008). The
relevant proteins of the STAT signaling pathway are expected to become the targets of MM
treatment. In this study, we used the Western blot method and detected the expression and
phosphorylation levels of STAT-3 protein in curcumin-treated human melanoma cells. We
found that the expression level of the STAT-3 protein did not change significantly and its phos-
phorylation was inhibited, particularly significantly in the high-concentration groups (10 and
20 uM). Simultaneous determination of the expression and phosphorylation levels of the up-
stream JAK-2 protein in the STAT-3 signal pathway showed that the expression of JAK-2 had
not changed significantly. However, JAK-2 phosphorylation was significantly inhibited in the
high-concentration groups (10 and 20 uM), which was similar to that observed with STAT-3.
This indicates that curcumin exerts its effects on tumor cells by inhibiting the phosphorylation
of JAK-2, and thus, inhibiting the phosphorylation of STAT-3, without affecting the expression
of both the proteins. We simultaneously determined the expression of the antiapoptotic protein
Bcl-2 in A375 cells after treatment with curcumin at concentrations similar to those used for
previous experiments. We observed that the Bcl-2 expression level in all curcumin-treated
groups was significantly lower, especially in the high-dose groups (10 and 20 uM), which
indicated that curcumin promoted apoptosis by inhibiting the activation of JAK-2/STAT-3
signaling pathway. Our study showed that curcumin exerts a significant inhibitory effects on
the proliferation of A375 cells in vitro and promotes tumor cell apoptosis; these effects were
closely related to the inhibition of activation (phosphorylation) of the JAK-2/STAT-3 signaling
pathway. The JAK-2/STAT-3 signaling pathway is one of the different signaling pathways that
can affect the apoptosis of melanoma cells. Further studies are required to clarify the roles of
other signaling pathways in promoting the apoptosis of melanoma cells and the anti-tumor ef-
fects of curcumin in animals; these studies may provide more experimental basis for the future
clinical prevention and treatment of MM.
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