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Abstract. Background/Aim: Demethoxycurcumin (DMC),
one of the curcuminoids present in turmeric, has been shown
to induce cell death in many human cancer cell lines,
however, there has not been any investigation on whether
DMC inhibits metastatic activity in human cervical cancer
cells in vitro. In the present study, DMC at 2.5-15 μM
decreased cell number, thus, we used IC20 (7.5 μM) for
further investigation of its anti-metastatic activity in human
cervical cancer HeLa cells. Materials and Methods: The
wound healing, migration, invasion, zymography, and
western blotting assays were used to investigate the effects
of DMC on HeLa cells. Results: The wound healing assay
was used to show that DMC suppressed cell movement of
HeLa cells. Furthermore, the trans-well chamber assay was
used to show that DMC suppressed HeLa cell migration and
invasion. Gelatin zymography assay did not show any
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significant effects of DMC on the gelatinolytic activity
(MMP-2 and -9) in conditioned media of HeLa cells treated
by DMC. Western blotting showed that DMC significantly
reduced protein levels of GRB2, MMP-2, ERK1/2, Ncadherin and Ras but increased the levels of E-cadherin and
NF-ĸB in HeLa cells. Confocal laser microscopy indicated
that DMC increased NF-ĸB in HeLa cells confirming the
results from Western blotting. Conclusion: DMC may be used
as a novel anti-metastatic agent for the treatment of human
cervical cancer in the future.

Uterine cervical cancer has been recognized to be the third
most common cancer and the fourth cause of cancer-related
death in females worldwide (1) and the persistent infection
with oncogenic strains of human papillomavirus is a major
risk factor for this disease (2). Other causative factors
include carcinogenic chemicals and radiation. Also, germline
mutations, such as EGFR T790M1 appear to have an
increased risk of lung cancer (3). In Taiwan, cervical cancer
is the 8th common cancer in females based on a report in
2016 from the Department of Health, Taiwan, Republic of
China (R.O.C.) which indicated that 4.1 individuals per
100,000 die annually from cervical cancer (4). Recently,
Khazaei et al., 2017 have shown that cervical cancer is the
second most common cancer and the third leading cause of
cancer-related death among women worldwide (5). That
means cervical cancer has increased since few years ago
worldwide. The treatment of cervical cancer includes
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surgery, chemotherapy and radiotherapy or the combination
of surgery and chemotherapy or chemotherapy and
radiotherapy etc. However, the possibilities of remission,
relapse and metastasis are still substantial. Therefore, the
strategy for inhibiting cancer cell metastasis is also important
for treating cervical cancer.
Cancer metastasis involves a series of events like cancer
cell detachment, proteolysis, penetration, intravasation, and
invasion for moving to new tissue or organ (6). Cancer
invasion and the metastasis process require degradation of
the extracellular matrix (ECM) and basement membrane
(BM) (7). The Matrix metalloproteinases (MMPs) (Zndependent proteinases), degrade all kinds of ECM proteins,
thus, MMPs are involved in the progress of cancer cells
invasion and migration. MMP-9 and MMP-2 are Type IV
collagenases that degrade basement membrane collagen (8).
The increased MMP-2 and MMP-9 activities and expression
levels are correlated with reduced survival and poor
prognosis in human malignancies (9, 10). It has been
suggested that application of MMPs inhibitors could
adequately treat metastasis (11, 12).
Natural products have been widely used to treat and
prevent cancers and some of the traditional medicines and
phytochemicals have been used to control the invasiveness of
many metastatic cancer cell lines (13, 14) and these
compounds may act through multiple pathways for interfering
the cell invasion and metastasis (15). Curcumin was extracted
from the Curcuma longa rhizome and it is the main active
ingredient of turmeric, and has been widely used by
consumers in Asian countries especial in India and China (16,
17). Curcumin is easily degraded in vitro and in vivo.
Demethoxycurcumin (DMC) is lacking a methoxy group
attached to a benzene ring in curcumin. Thus, it is a
derivative of curcumin that presents similar biological
properties as curcumin. However, it has been reported to be,
chemically, more stable than curcumin (18). Several studies
have shown that DMC is cytotoxic in many human cancer
cells such as prostate cancer (19), lung cancer (20), and skin
cancer cells (21). Although DMC has been shown to present
antioxidant, anti-inflammatory and anti-proliferative activities
(22, 23), there are no reports on its effects on metastasis in
cancer cells. In the present study, the effects of DMC on the
cell migration and invasion in human cervical cancer HeLa
cells in vitro were investigated. Results indicated that DMC
inhibited cancer cell migration and invasion through the
inhibitions of NF-ĸB, MMP-2 and -9 pathways.

Materials and Methods

Chemicals and reagents. Demethoxycurcumin (DMC), dimethyl
sulfoxide (DMSO) and propidium iodide (PI) were obtained from
Sigma Chemical Co. (St. Louis, Missouri, USA). DMEM medium,
fetal bovine serum (FBS), L-glutamine and antibiotics (penicillinstreptomycin) were purchased from GIBCO®/Invitrogen Life
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Technologies (Grand Island, NY, USA). Primary antibodies and
secondary antibodies were obtained from Cell Signaling (St. Louis,
MO, USA). Polyvinylidene difluoride (PVDF) membrane was
obtained from Millipore (Temecula, CA, USA).

Cell culture. HeLa human cervical cancer cell line was purchased
from the Food Industry Research and Development Institute
(Hsinchu, Taiwan). Cells were cultured in DMEM medium
containing 10% FBS, 100 units/ml penicillin and 100 μg/ml
streptomycin in a 75 cm2 tissue culture flasks under humidified
atmosphere of 5% CO2 at 37˚C (24, 25).

Cell’s viability assays. HeLa cells were placed in 12-well plates with
DMEM medium for 24 h and were incubated with DMC at final
concentrations (0, 2.5, 5, 7.5, 10 and 15 μM) or 0.5% DMSO as a
vehicle control for 48 h. After incubation, cells were collected,
counted and stained with PI (5 μg/ml) to measure the total cell
viability by flow cytometry (Becton-Dickinson, San Jose,
California, USA) as previously described (26, 27).
Wound healing Assay. HeLa cells (5×105 cells/well) maintained in
6-well plates were grown to complete confluency. Cell monolayers
were scraped using a sterile yellow micropipette tip and washed
with PBS three times. Cells were then cultured in DMEM medium
containing 0 and 7.5 μM of DMC for 24 and 48 h. Cells were
examined and photographed using an inverted microscope as
described previously (25, 28).

Invasion and migration assay. The measurements of HeLa cell
migration and invasion were performed by using Matrigel-coated
transwell cell culture chambers (8 μm pore size) as described
previously (28). Briefly, HeLa cells (5×105 cells/well) were maintained
in 12-well plates and were incubated with 0 and 7.5 μM of DMC for
24 and 48 h. For measurement of cell migration, cells were placed on
the top of well with membrane coated with collagen and then
incubated with DMC. The non-invaded cells were removed from the
upper surface of the membrane and the invaded cells on the lower
surface of the membrane were fixed with 4% cold formaldehyde,
stained with 0.1% crystal violet and then were photographed. The
invaded cells in the chamber were counted. For the measurement of
cell invasion, the same migration assay was used but the membrane
was coated with matrigel as described previously (28-30).
Gelatin zymography assay. Gelatin zymography was used to
measure the activities of MMP-2 and -9. Briefly, HeLa cells (5×105
cells/well) were maintained in 6-well culture plates for about 80%
confluency and serum-free medium with DMC was added to cells
for 12, 24 and 48 h. After incubation, the conditioned medium was
collected, and 12 μ1 of medium was electrophoresis on 10% SDSPAGE containing 0.2% gelatin. The gel was washed and was soaked
in substrate buffer (50 mM Tris HCl, 5 mM CaCl2, 0.02% NaN3 and
1% triton X-100, pH 8.0) while shaking for 18 h at 37˚C. A 0.2%
Coomassie blue (Bio-Rad, Hercules, CA, USA) in 10% acetic acid
and 50% methanol was used to stain the gels (31, 32) that were
photographed on a light box. Proteolysis was detected as a white
zone (MMP-2 and -9 gelatinolytic activities) in a dark blue field as
described previously (33).

Western blotting assay. HeLa cells (6×106 cells) in 10-cm dish were
incubated with 0, and 7.5 μM of DMC for 12, 24 and 48 h and cells
were collected and lysed in a lysis buffer [40 mM Tris-HCl (pH 7.4),
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10 mM EDTA, 120 mM NaCl, 1 mM dithiothreitol, 0.1% Nonide
P-40] for measuring the total protein as described previously (28). A
30 μg of protein was loaded on a SDS-PAGE gel and was transferred
to a PVDF membrane. The membrane was blocked in 5% fat-free dry
milk solution in PBS and probed with primary antibodies overnight
at 4˚C. Then the membrane was incubated with a secondary antibody
and developed using enhanced chemiluminescence (Millipore,
Temecula, CA, USA) as described previously (28, 34).
Confocal laser microscopy assay. In this study, western blotting
showed that treatment with DMC increased NF-ĸB expression in
HeLa cells. Thus, this study was conducted in order to investigate
whether or not DMC-induced inhibition of cell migration and
invasion also involved nuclear translocation or expression of NF-ĸB.
HeLa cells were treated with 7.5 μM of DMC for 48 h and were
examined and photographed by Confocal laser microscopy systems
as described previously (33).

Statistical analysis. All Data were expressed as means±SD from at
least three experiments. Differences between groups were analyzed
by one-way analysis of variance and Dunnett test for multiple
comparisons (SigmaPlot for Windows version 12.0; Systat Software,
Inc., San Jose, CA). Comparisons were made between groups of
DMC-treated cells and untreated cells (control). Differences with
p<0.05 (*) were considered statistically significant.

Results

DMC decreases cell viability of HeLa cells. Cells were treated
with DMC (0, 2.5, 5, 7.5, 10 and 15 μM) for 48 h and cell
viability was assayed as described in Materials and Methods
(Figure 1). Results indicated a significant dose-dependent
reduction of living cells upon treatment of HeLa cells with
DMC at 2.5-15 μM concentrations for 48 h. Thus, 0 and 7.5 μM
[inhibitory concentration (IC)20] concentrations were selected
for cell migration and invasion experiments.

DMC decreases cell mobility of HeLa cells. HeLa cells were
grown in 6-well plates to complete confluency, scraped and
incubated with medium containing 0, and 7.5 μM of DMC
for 24 and 48 h (Figure 2). Results showed that the closure
of scraped area in the DMC treated cells was slower than
that of the control at both time points.

DMC inhibits cell migration and invasion of HeLa cells. The
measurement of cell migration and invasion was performed by
using Trans-well cell migration and invasion assays and the
results are shown in Figure 3. DMC significantly (p<0.05)
inhibited cell migration by 29.56 and 68.65% at 24 and 48 h,
respectively (Figure 3A). DMC also inhibited cell invasion by
77.02% at 24 h compared to control cells (Figure 3B).

DMC inhibits the activities of MMP-2/-9 in HeLa cells. The
gelatin zymography was performed to detect the gelatinolytic
activity (MMP-2 and -9) in conditioned media of HeLa cells
treated by DMC. HeLa cells were incubated with DMC (7.5

Figure 1. DMC decreased the cell viability of HeLa cells. HeLa cells were
placed in 12-well plates with DMEM medium for 24 h and incubated with
DMC at final concentrations of 0, 2.5, 5, 7.5, 10 and 15 μM or 0.5%
DMSO as a vehicle control for 48 h. After incubation, cells were
collected, counted and stained with PI (5 μg/ml) to measure the total cell
viability by flow cytometry as described in Materials and Methods.
*p<0.05, significant difference between DMC-treated groups and the
control as analyzed by Dunnett test.

μM) for 12, 24 and 48 h, and the gelatinolytic activity of
MMP-2/-9 was assayed (Figure 4). Results indicated that
DMC did not inhibit the gelatinolytic activity of MMP-2 and
-9 at 12-48 h of treatment compared to the control (0 h).

DMC alters levels of proteins associated with migration and
invasion of HeLa cells. In order to examine the mechanism
by which DMC affects migration and invasion of HeLa cells,
its effects on the levels of certain proteins was examined
(Figure 5). DMC was found to significantly reduce protein
levels of GRB2, Ras, Rho A, p-ERK1/2, ERK1/2 (Figure
5A), uPA, MMP-9, MMP-2 (Figure 5B), Snail (Figure 5C),
N-cadherin, β-catenin and Vimentin (Figure 5D), but
increased the levels of TNF-α, NF-ĸB (p50), NF-ĸB (p65)
(Figure 5C) and E-cadherin (Figure 5D). Based on these
observations, it is concluded that DMC inhibits cancer cell
migration and invasion through inhibition of NF-ĸB, MMP2 and -9 pathways.

DMC affects nuclear translofcation of NF-kB in HeLa cells.
The effects of DMC on the translocation of NF-ĸB in HeLa
cells was examined. Cells were incubated with or without
7.5 μM of DMC for 24 h were stained by anti-NF-ĸB
antibody and examined by confocal laser microscope and
photographed (Figure 6). The results showed that DMC
increased NF-ĸB expression in the cytoplasm and nucleus
compared to control (0 μM). These results were consistent
with those obtained from western blotting.
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Figure 2. DMC decreased mobility of HeLa cells. HeLa cells were grown in 6-well plate until confluency and cell monolayers were scraped and
incubated in medium containing 0 and 7.5 μM of DMC for 24 and 48 h. After incubation, closure of the gap generated by the scraping was assayed
as described in Materials and Methods. (A) The representative figures for closures of scraped area; (B) The percentage of inhibition was calculated.
*p<0.05, significant difference between DMC-treated groups and the control as analyzed by Dunnett test. N.S.: Not significant.

Figure 3. DMC inhibited the migration and invasion of HeLa cells. The measurement of cell migration and invasion was performed by using Transwell cell migration and invasion assays as described in Materials and Methods. (A) Transwell assays with collagen were performed to detect the
migration activity. (B) Transwell assays with matrigel were performed to detect the invasion activity. *p<0.05, significant difference between DMCtreated groups and the control as analyzed by Dunnett test. N.S.: Not significant.
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Figure 4. DMC did not inhibit the activity of MMP-2/-9 in HeLa cells. Gelatin zymography was performed to detect the MMP-2 and -9 gelatinolytic
activity in conditioned media of HeLa cells treated by DMC. HeLa cells were incubated with DMC (7.5 μM) for 12, 24 and 48 h, and the gelatinolytic
activity of MMP-2/-9 was measured as described in Materials and Methods. N.S.: Not significant.

Figure 5. DMC alters levels of proteins associated with migration and invasion of HeLa cells. Cells were treated with 7.5 μM of DMC for 12, 24
and 48 h and the levels of certain metastasis associated proteins were examined by western blotting as described in Materials and Methods.
A: GRB2, Ras, Rho A, p-ERK1/2 and ERK1/2. B: uPA, MMP-9, MMP-2, PCNA. C: TNF-α, NF-ĸB (p50), NF-ĸB (p65) and Snail. D: E-cadherin,
N-cadherin, β-catenin and vimentin.
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Figure 6. DMC affects the translocation of NF-ĸB HeLa cells. Cells were treated with 7.5 μM of DMC for 24 h and cells and stained by
anti-NF-ĸB examined by a Leica TCS SP2 confocal laser microscope and photographed as described in Materials and Methods.

Figure 7. The possible signaling pathways for DMC inhibited cell migration and invasion in human cervical cancer HeLa cells.
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Many studies have shown that cancer cell metastasis is a major
obstacle for chemotherapy and that it involves a complex
multistep process that includes cell movement, migration,
invasion and angiogenesis for developing new tumor in other
organs or tissues (6, 35). Thus, numerous studies have focused
on means to inhibit cancer cell metastasis as anticancer
strategy. Several studies have shown that DMC induced cancer
cell death via cell cycle arrest and induction of apoptosis in
many human cancer cell lines but there no reports on the
effects of DMC on cell migration and invasion in human
cervical cancer cells. In the present study, the effects of DMC
on the migration and invasion of HeLa cells in vitro was
investigated. DMC is derived from curcumin which is derived
from turmeric and has been used in diet since long time ago in
India and China (16, 17). Epidemiological evidences suggest
that a diet enriched with naturally occurring substances
significantly reduces the risk for many cancers (36-38).
We have investigated the cytotoxic effects of DMC on
HeLa cells, and the results indicated that DMC decreased
viability of HeLa cells in dose-dependently (Figure 1). Many
studies have used wound healing assay for examining cancer
cell mobility (39, 40). Using this approach, we found that
DMC inhibited mobility of HeLa cells (Figure 2).
Furthermore, transwell-assay was used to investigate cell
migration and invasion of HeLa cells after exposure to DMC
(41, 42). The results showed that DMC suppressed cell
migration (Figure 3A) and invasion (Figure 3B). Therefore, in
the present study, we focused on the molecular effects of
DMC treatment on HeLa cells by examining possible
alterations in the expression of several proteins related to
cancer cell invasion and metastasis (43). DMC was not
effective in inhibiting the gelatinolytic activity of MMP-2 and
-9 at 12-48 h treatment (Figure 4) but inhibited MMP-2
protein expression at 12-48 h treatment (Figure 5B). However,
DMC inhibited protein expression of MMP-2 and -9 (Figure
5B) but did not suppress the activity of MMP-2 and -9. This
may be due to other compensatory mechanisms including
changes in the levels of endogenous inhibitors. MMPs are a
family of zinc-dependent proteolytic enzymes that have been
shown to degrade the extracellular matrix and basement
membrane of cells. In particular, MMP-2 and MMP-9 are the
most important enzymes for degradation of extracellular
matrix (44, 45). Thus, MMPs have long been drug targets
(46). Our results demonstrate that DMC could inhibit invasion
and motility of HeLa cells by a mechanism that may not
involve the down-regulation of MMP-2 and -9 activities.
Futures investigations are necessary to clarify the mechanism.
Results from western blotting indicated that DMC
decreased the levels of GRB2, Ras, Rho A, p-ERK1/2,
ERK1/2 (Figure 5A), uPA, MMP-9, MMP-2 (Figure 5B),
Snail (Figure 5C), N-cadherin, β-catenin and Vimentin

(Figure 5D), but increased the levels of TNF-α, NF-ĸB
(p50), NF-ĸB (p65) (Figure 5C) and E-cadherin (Figure 5D)
in HeLa cells. GAB2 (GRB2-associated binding protein 2)
plays a critical role in the proliferation and migration of
various cancers (47). MMP-2 and MMP-9 play important
roles in cancer invasion and metastasis (48, 49). Thus, we
have confirmed that DMC inhibited MMP-2 and -9 in HeLa
cells. ERKs are involved in growth factor-mediated colon
cancer proliferation (50). The silencing of tropomyosin
related kinase B (TrKB) can suppress the activation of EMT
via the downregulation of N-cadherin, Vimentin, MMP-2 and
MMP-9, upregulate the E-cadherin and tissue inhibitor of
metalloproteinases (TIMP-2) and to result in suppressed cell
proliferation, migration and invasion (51). Our results also
showed that DMC significantly increases NF-ĸB expression
(Figure 5C) and this was also confirmed by confocal laser
microscopic examination (Figure 6). NF-ĸB is a transcription
factor which has been shown to be closely linked to cell
survival, proliferation and metastasis (52) and chemical
blocking of the NF-ĸB pathway may act as therapeutic
strategy to treat the inflammation and cancer (53).
In conclusion, in the present study, DMC is shown to
suppress cell mobility, migration and invasion in human
cervical cancer HeLa cells through the inhibition of MMP-2
and MMP-9 signaling pathway, reduction in protein levels of
GRB2, Rho A, Ras, p-ERK1/2, uPA, MMP-2, MMP-9, Ncadherin and β-catenin, and increase in the levels of Ecadherin and NF-ĸB (Figure 7). Thus, it is suggested that
DMC is a potential candidate for developing preventive
agents against human cervical cancer metastasis.
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