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Kaempferia parviflora (KP) has been traditionally used as a folk remedy to treat several
diseases including cancer, and several studies have reported cytotoxic activities of
extracts of KP against a number of different cancer cell lines. However, many aspects
of the molecular mechanism of action of KP remain unclear. In particular, the ability
of KP to regulate cancer cell growth and survival signaling is still largely unexplored.
The current study aimed to investigate the effects of KP on cell viability, cell migration,
cell invasion, cell apoptosis, and on signaling pathways related to growth and survival
of cervical cancer cells, HeLa. We discovered that KP reduced Hela cell viability
in a concentration-dependent manner. The potent cytotoxicity of KP against Hela
cells was associated with a dose-dependent induction of apoptotic cell death as
determined by flow cytometry and observation of nuclear fragmentation. Moreover,
KP-induced cell apoptosis was likely to be mediated through the intrinsic apoptosis
pathway since caspase 9 and caspase 7, but not BID, were shown to be activated after
KP exposure. Based on the observation that KP induced apoptosis in HelLa cell, we
further investigated the effects of KP at non-cytotoxic concentrations on suppressing
signal transduction pathways relevant to cell growth and survival. We found that KP
suppressed the MAPK and PISK/AKT signaling pathways in cells activated with EGF,
as observed by a significant decrease in phosphorylation of ERK1/2, Elk1, PI3K,
and AKT. The data suggest that KP interferes with the growth and survival of Hel.a
cells. Consistent with the inhibitory effect on EGF-stimulated signaling, KP potently
suppressed the migration of Hela cells. Concomitantly, KP was demonstrated to
markedly inhibit HeLa cell invasion. The ability of KP in suppressing the migration and
invasion of HelLa cells was associated with the suppression of matrix metalloproteinase-
2 production. These data strongly suggest that KP may slow tumor progression
and metastasis in patients with cervical cancer. Taken together, the present report
provides accumulated evidence revealing the potent anti-cancer activities of Kaempferia
parviflora against cervical cancer Hela cells, and suggests its potential use as an
alternative way for cervical cancer prevention and therapy.

Keywords: anti-cancer, apoptosis, cervical cancer, invasion, Kaempferia parviflora, MAPK pathway, migration,
PI3K/AKT pathway
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INTRODUCTION

Cervical cancer is still one of the most common causes of
all cancer deaths in women, especially in developing countries
(McGuire, 2016). Human papillomaviruses (HPVs) can subvert
cellular mechanism of growth control (Moody and Laimins,
2010) and activate the PI3K/AKT/mTOR signaling (Surviladze
et al., 2013). Like most cancers, cervical cancer does not show
any signs during early disease development (Canavan and Doshi,
2000). However, symptoms usually appear when the tumor
causes vaginal discharge and bleeding, and other symptoms
including pain or backache may occur in patients with metastasis
(Petignat and Roy, 2007). Therefore, most patients who notice
symptoms typically have later stages of tumor development that
have frequently progressed too far for curative treatment.

Communication through signal transduction pathways
is very important for regulating the balance between cell
proliferation and cell death. The activation of cell growth
and survival signal transduction pathways is stimulated via
a growth factor binding to a specific growth factor receptor
(Margolis, 1992). Epidermal growth factor receptor (EGFR)
is an important regulator of cell proliferation (Olayioye et al.,
2000) and upon growth receptor activation, diverse downstream
pathways are further stimulated. Those crucial pathways include
Ras/Raf/MEK/MAPK, phospholipase C, and STAT (Yarden
and Sliwkowski, 2001). Moreover, stimulation of the EGF
receptor causes strong activation of the phosphatidylinositol-3
kinase (PI3K)/AKT pathway for maintaining cell metabolism
and enhancing cell survival and proliferation (Cantley, 2002;
Vivanco and Sawyers, 2002). The commonest characteristics
of most cancers are the amplification of growth and survival
signaling, and the inhibition of apoptosis (Hanahan and
Weinberg, 2011). Furthermore, elevated levels of matrix
metalloproteinase (MMP) is considered to be an important
hallmark of many cancers, and MMP expression has been
demonstrated to be associated with tumor invasion in many
different tumors (Liotta et al, 1980; Fishman et al., 1997;
Stetler-Stevenson, 2001; Roomi et al., 2010). The actual cause
of cancer is not well-understood. However, over activation
and aberrant cancer cell signal transduction mediated by
factors such as mutations in key kinases that cause constitutive
activation of growth and survival signaling pathways, may
contribute to cancer development and metastasis (Huang
et al, 1997; Moscatello et al, 1998; Chakravarti et al.,
2002).

The most effective way to decrease the burden of cervical
cancer and the associated death rate is to prevent and screen
for HPV lesions through HPV testing and Pap smears (Safacian
and Solomon, 2007). Vaccination is a better way to reduce
and eventually prevent death from cervical cancer but this
management option is currently limited to young people (Saslow
et al., 2007). Moreover, in many underdeveloped countries
routine screening may not be widely available due to limited
resources (Denny et al., 2006). Although new chemotherapeutic
agents have been developed to slow down the progression of
the disease, the number of cancer related deaths is still high
because of drug-resistance and metastasis (Liu et al., 2016; Siegel

etal.,, 2016). Also, conventional treatments for cervical cancer are
expensive (Subramanian et al., 2010). In particular, the direct cost
per patient for cisplatin, placlitaxel, and topotecan treatments
ranges from 2,000 to 10,000 USD (Geisler et al., 2012). Thus,
many patients may not be able to afford these options.

Alternative medicine has emerged as an interesting means
for treating or curing diseases, and recently several plants and
their constituents have been approved to be safe, effective, and
less expensive for managing the development and progression
of various cancers (Yin et al., 2013). Several medicinal plants
have been discovered to contain active compounds that are
able to disrupt homeostasis of cancer cells (Yin et al., 2013).
Kaempferia parviflora (KP) is a plant in the family Zingiberaceae
commonly known as Thai black ginger (or Krachai Dam in Thai).
Its rhizome is used in traditional medicine for many purposes
including anti-gastric ulcer, anti-allergic, anti-plasmodial, and
anti-cancer, as well as for enhancing sexual activity (Saokaew
et al., 2016). Specifically, for the anti-cancer effects of KP, studies
have shown that KP suppressed multidrug resistance associated
proteins (MRP) in A549 (lung cancer) cells (Patanasethanont
et al., 2007). Moreover, KP induced apoptotic cell death and
enhanced paclitaxel or doxorubicin treatment in a promyelocytic
leukemic cancer cell line (Banjerdpongchai et al., 2009). However,
the anti-cancer effects of KP against cervical cancer cells have not
yet been investigated. Several aspects, especially the molecular
mechanisms of action to understand how KP interferes with
growth and survival functions of cancer cells, remain largely
unknown.

Thus, this present study aimed to evaluate the anti-cancer
properties of KP against HeLa cervical cancer cells. We
particularly investigated effects of KP on inducing apoptotic cell
death, suppressing cell migration and invasion, and inhibiting
major molecular signal transduction pathways related to cancer
cell growth and survival. Our study provides convincing evidence
that KP possesses anti-cancer properties and may be a good
candidate as a new therapeutic agent for cervical cancer.

MATERIALS AND METHODS

Cell Culture

The human HeLa cell line [HeLa 229 (ATCC® CCL-2.1™)] used
in this study was obtained from ATCC (ATCC, Manassas, VA,
United States). The cells were cultured in complete medium,
which is Dulbecco’s modified Eagle’s medium (DMEM) (Gibco,
United States), supplemented with 10% fetal bovine serum
(Merck KGaA, Germany), and antibiotics (100 U/mL penicillin
and 100 pg/mL streptomycin) (Gibco, United States) and
maintained under a humidified atmosphere of 37°C, 5% CO,.
The cells were sub-cultured every 2-3 days.

Plant Material and Extraction of
Kaempferia parviflora Rhizomes
Fresh rhizomes of KP were harvested from the CMU-RSPG
Kaempferia housing at Chiang Dao, Chiang Mai Province,
Thailand. Voucher specimen number, R-CMUKP002, was
authenticated and deposited at the Faculty of Science, Chiang Mai
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University, Thailand. The rhizomes of the plant were weighed,
chopped, and extracted with 95% ethanol at room temperature
(RT) for 3 days. Then the ethanolic extract was filtered,
concentrated using a rotary evaporator, and then lyophilized. The
extraction process yielded residues of 9.85% dry weight of KP
rhizomes for ethanolic extraction. The crude extract was kept
in an air-tight, light protected container, and stored at —20°C
until used. The KP extract stock solution was freshly prepared
using DMSO prior to each assay. One gram of ethanolic KP crude
extract was dissolved in 1 ml of 100% DMSO to make a stock
solution of 1 g/ml, and the stock was pre-diluted in medium
prior to each treatment. Each experiment was performed with
three independent batches of KP extract, each assayed in triplicate
(n=9). The final concentration of DMSO was maintained below
0.5% v/v throughout the experiment.

Cell Viability Assay

The effect of KP on cell viability was evaluated using 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT).
The MTT assay was performed according to a previously
published protocol (Mosmann, 1983). HeLa cells were seeded
in 96-well plates at a density of 1 x 10* cells per well for 24 h
in complete medium. Cells were then treated with KP extract
at various concentrations (0-1 mg/mL) or with vehicle (DMSO
at 0.001-0.1%) for 24 h, then cells were exposed to the MTT
reagent (0.5 mg/mL in PBS) for 2 h at 37°C, 5% CO,. After
aspirating the culture supernatants, 200 pL of DMSO was added
to each well, and the plates were incubated in the dark for 10 min.
The absorbance at 590 nm was measured using a microplate
reader (BioTek Instruments, United States). Cell viability assay
was performed three times, and each assay was done in triplicate
(n =9 in three individual experiments).

Apoptosis Assay by Flow Cytometry

Cell apoptosis was determined using FITC-annexin V
(ImmunoTools, Germany) and propidium iodide (PI)
(Sigma, United States). After treatment with KP extract at
different concentrations (0.1, 0.3, and 0.5 mg/mL) for 6 h, cells
(approximately 1 x 10° cells/mL) were harvested and washed in
PBS one time by centrifugation. The supernatants were discarded
and cells were resuspended in 1x annexin-binding buffer. Then,
annexin V and PI were added to the cell suspension, and cells
were incubated at RT for 15 min. Flow cytometry was performed
using a BD FACSCANTO 1II flow cytometer (Becton Dickinson,
United States) to determine the percentage of apoptotic cell
death.

Immunofluorescence Study

HeLa cells were grown on glass cover slips for 24 h, and were
then treated with KP extract at different concentrations (0.01,
0.05, and 0.1 mg/mL) for 24 h in serum-free medium. Fifteen
minutes before harvesting cells, 100 ng/mL of EGF was added to
KP-treated HeLa cells to activate growth and survival signaling,
following which cells were fixed with 4% paraformaldehyde
dissolved in PBS for 15 min. After washing three times with
PBS, cells were permeabilized using 0.3% TritonX-100 in PBS for
5 min. Then cells were incubated with 1% BSA in PBS solution

for 1 h, and with 1:100 of a phosphospecific (Thr 202/Tyr 204)
rabbit anti-ERK1/2 antibody (Cell Signaling Technology, United
States) at 4°C overnight. Cells were washed three times with
PBS for 5 min each time, and incubated with a 1:500 dilution of
an appropriate secondary antibody (Alexa 594-conjugated goat
anti-rabbit) (Life Technologies, United States) for 2 h, in the
dark, at RT. After washing three times with PBS and one time
with distilled water, cells were mounted using Fluoromount-G
(0100-01; SouthernBiotech, United States). Observations were
performed on a fluorescence microscope, AX70 Olympus®,
Japan, with 40x magnification, and micrographs were captured
with the DP-BSW Basic Software for the DP71 microscope digital
camera. To determine the ability of the KP extract to induce
nuclear fragmentation, the nuclei of HeLa cell samples were
stained with 5 pg/mL of Hoechst 33342 for 1 h. Cells were
washed three time with PBS and one time with distilled water,
and mounted as described above.

Cell Migration Assay

A wound healing assay was performed to examine the effect of KP
on cell migration. HeLa cells (0.5 x 10° cells/well) were seeded
and cultured in 24-well plates for 24 h. A scratch wound was made
with a sterile 200 pL pipette tip. Detached cells were removed and
complete medium was added. Cells were treated with DMSO as
a vehicle control or KP extract (0.01, 0.05, and 0.1 mg/mL) for
40 h. Images of the scratched wounds were recorded at different
time points (0, 24, and 40 h). The closing of scratched wounds
is an indicator of the completion of the migration process. The
migrated areas were analyzed and determined using the Image]
software.

Cell Invasion Assay

The effects of KP on HeLa cell invasion were determined using
a Cell Culture Insert (SPL Life Sciences, South Korea). The
polycarbonate invasion chambers (8 pm pore size) were coated
with 15 pg of matrigel (Corning, NY, United States) per well
and incubated at RT for 4 h. Cells at a density of 0.3 x 10° cells
per well were seeded onto the matrigel and cultured in serum-
free medium for 24 h. On the next day cells in the invasion
(upper) chambers were treated with different concentrations
(0-0.1 mg/mL) of KP in serum-free media, and the invasion
chambers were put into the (lower) wells containing DMEM
with 5% FBS and incubated for 40 h. Cells were then fixed
with absolute methanol for 5 min at RT and stained with 0.5%
crystal violet for 30 min. After three washes with water, cells in
the invasion chambers were removed with a cotton swab and
the pictures of the stained cells attached at the other site of
the invasion chamber were taken and analyzed with the Image]
software.

Gelatinase Zymography

Cells were seeded at a density of 0.3 x 10° cells per well
and cultured for 24 h. After KP treatment for 24 h, culture
supernatants were collected and mixed with non-reducing
sample buffer, and samples were separated by SDS-PAGE under
cold running conditions. Following electrophoresis, the gels were
washed twice in 2.5% Triton X-100 for 30 min at RT. The gels
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were then incubated with substrate buffer (50 mM, Tris HCL,
and 10 mM CaCl, pH 8) overnight. The gels were stained with
0.5% Coomassie Blue R250 in 50% methanol and 10% glacial
acetic acid for 30 min, and then destaining was performed.
The intensity of each band was evaluated using the Image]
software.

Western Blotting

For caspase and BID detection, HeLa cells were treated with
0.1, 0.3, and 0.5 mg/mL of KP extract for 6 h. For detecting
the phosphorylation status of ERK1/2, Elkl, AKT, and PI3K,
HeLa cells were treated with 0.01, 0.05, and 0.1 mg/mL of KP
extract for 6 h. Cells were stimulated with EGF (100 ng/mL) for
15 min before harvesting cells. HeLa cell lysates were prepared
by adding 1x reducing Laemmli buffer into the sample dishes.
Samples were collected, heated at 95°C for 5 min, separated
by SDS-PAGE, and electroblotted onto PVDF membranes (GE
Healthcare Life Sciences, Germany). Membranes were blocked
with 5% skim milk in TBS-T (0.02 M Tris-HCI, pH 7.6,
0.0137 M NaCl, and 0.1% (wt/v) Tween 20) at RT for 1 h.
Membranes were then incubated with an appropriate primary
antibody (Cell Signaling Technology, United States) at 4°C
overnight. Primary antibodies used included a 1:1,000 dilution
of a phosphospecific rabbit anti-PI3 kinase p85 (Tyr 458)/
p55 (Tyr 199) antibody, or a phosphospecific rabbit anti-AKT
(Ser 473) (D9E) antibody, or a phosphospecific rabbit anti-
ERK1/2 (Thr 202/Tyr 204) antibody, or a phosphospecific
rabbit anti-Elk-1 (Ser 383), or a mouse anti-caspase-7 (C7)
antibody, or a rabbit anti-caspase-9 antibody, or a rabbit
anti-BID antibody, and a 1:10,000 dilution of an anti-B-actin
antibody. After three washes with TBS-T, membranes were
incubated with 1:5000 dilution of an appropriate horseradish
peroxidase-conjugated secondary antibody (KPL, United States)
for 2 h, at RT. Immune complexes were detected using
enhanced chemiluminescence reagent. The intensity of the
immunoreactive bands was analyzed and quantified using the
Image]J software.

Statistical Analysis

Data were analyzed by one-way ANOVA. Data are presented as
mean =+ SD. In all analyses, a p-value (p < 0.05) was considered
statically significant. NS indicates a non-significant difference.

RESULTS
The Effects of KP on HeLa Cell Viability

To determine the effects of KP on cell viability, cells were treated
with the KP extract at different concentrations ranging from 0.01
to 1 mg/mL for 24 h. The results from MTT assay (Figure 1)
showed that the KP extract had a strong cytotoxic effect on HeLa
cells in a concentration-dependent manner. The ICsy value of
KP extract was 0.22 mg/mL. KP extract at 0.5 mg/mL showed
maximum cytotoxic effect, where approximately 90% reduction
of HeLa cell viability was observed. HeLa cells treated with higher
concentrations of KP extract (0.6-1 mg/mL) showed effects on
cell viability similar to those treated with KP at 0.5 mg/mL.
However, the KP extract at concentrations below 0.07 mg/mL
did not affect HeLa cell viability. DMSO (vehicle control), at
all concentrations (0.001-0.1%) relevant to the treatment group
showed no apparent cytotoxicity to HeLa cells.

The Effects of KP on Inducing Cell
Apoptosis

To investigate whether KP induces apoptotic cell death, we
first observed for morphological aberrations of HeLa cells in
response to KP extract exposure. Since KP extract at 0.5 mg/mL
showed maximum cytotoxic effect, HeLa cells were exposed to
0.5 mg/mL of KP extract and phase-contrast images of cells
were taken at different time points (0-24 h). Data showed that
KP extract caused HeLa cell morphological changes in a time-
dependent manner. Figure 2A shows that at 0 h of KP treatment,
HeLa cells were observed to exhibit normal morphology of
epithelial cells with discrete cell-cell-contact, and most cells
were tightly attached to the surface of the dish. After 3 h of

140 1
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% Cell viability

40 -

20
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@ Vehicle (DMSO 0.001-0.1%)
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0 0.01 0.02 003 004 005 006 0.7 0.08 009 0.1 02 03 04 05 06 07 08 09 1
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FIGURE 1 | The effects of KP on Hela cell viability. The bars indicate percent cell viability of HelLa cells treated with different concentrations of KP extract
(0-1 mg/mL) for 24 h with cell viability measured by the MTT assay. Data represent mean + SD of three independent experiments. *p < 0.05.
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0.1 mg/ml KP 0.3 mg/ml KP 0.5 mg/ml KP

0.01% DMSO 0.03% DMSO 0.05% DMSO

FIGURE 2 | Morphological changes and nuclear fragmentation of HelLa cells exposed to KP extract. (A) Phase-contrast images of Hela cells treated with 0.5 mg/mL
of KP extract taken at different time points (0, 3, 6, and 24 h). (B) The nuclei of HelLa cells treated with KP extract at different concentrations (0.1-0.5 mg/mL) or with
DMSO (0.01-0.05%), stained with Hoechst33342, and visualized using a fluorescent microscope. Arrows indicate cells with nuclear fragmentation or nuclear
deformity, and magnified views of cells indicated with arrows are shown at the bottom right corners. Data are representative of three replicates.

treatment, even though cells were still attached to the dish, the morphology, and cell detachment from the dish was observed
vast majority of cells showed distinct morphological changes. in some areas. Eventually, most cells detached from the surface
Those cells changed from the normal characteristic elongated after 24 h of KP treatment, and the remaining cells with aberrant
shape and become spherical. After 6 h, all cells exhibited spherical ~morphology were likely to be dead or dying cells. Since one of the
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characteristics of apoptotic cell death is nuclear fragmentation,
we performed nuclear staining using Hoechst 33342 of HelLa
cells treated with KP extract at various concentrations (0.1,
0.3, and 0.5 mg/mL) for 6 h. We found that KP extract at
potent cytotoxic concentrations (0.3 and 0.5 mg/mL) induced
nuclear deformity and nuclear fragmentation of HeLa cells
after 6 h of incubation, and these effects were independent
of DMSO used as the vehicle control (Figure 2B). Based on
these observations, we hypothesized that KP has the potential
ability to induce programmed cell death. We therefore performed
flow cytometry to determine whether KP induces HeLa cell
apoptosis. As expected, KP extract induced apoptotic cell death
in a concentration-dependent manner. We found that HeLa cell
apoptosis was significantly increased to 39.8 + 2.40% for cells
treated with 0.3 mg/mL KP and to 69.85 + 3.04% for cells
treated with 0.5 mg/mL of KP extract, whereas DMSO at all
concentrations relevant to those present in KP treatment groups
did not induce apoptosis in HeLa cells (Figures 3A,B). We
further confirmed the effects of KP on inducing apoptosis in
HeLa cells by performing western blot analysis to determine the
activation of caspase 9, caspase 7, and the pro-apoptotic protein
BID, using specific antibodies that can recognize both full length
and cleaved forms of the proteins. The results showed that the KP
extract induced cleavage of caspase 7 and 9 in a concentration-
dependent manner, however, the extract at all concentrations
tested did not increase the cleaved form of BID (Figure 3C).

The Effects of KP on Inhibiting Cell

Migration and Invasion
One of the important characteristics of malignant tumors is
enhanced cell migration. We determined whether the KP extract

can inhibit migration of HeLa cells by performing a wound
healing assay. Results showed that the KP extract significantly
suppressed the migration of HeLa cells at both 24 and 40 h,
and the suppression was seen in a concentration-dependent
manner (Figure 4A). Compared to untreated HeLa cells which
exhibited 86.4 £ 77.22% cell migration at 40 h, cells treated
with 0.01, 0.05, and 0.1 mg/mL of KP extract showed decreases
in the percent cell migration to approximately 52.53 %+ 21%,
36.77 £ 18.8%, and 15.46 + 9.13%, respectively (Figure 4B).
The percent cell migration in cells treated with 0.01, 0.05,
and 0.1% of DMSO (vehicle control) was 78.53 =+ 21.46%,
75.35 & 27.71%, and 76.76 £ 27.58%, respectively. Based on
the observation that KP extract significantly inhibited HeLa cell
migration, it is reasonable to hypothesize that KP also inhibits
cell invasion and so a cell invasion test was performed using the
Transwell invasion assay. We found that KP extract significantly
reduced cell movement through the matrigel-coated chamber in
a concentration-dependent manner (Figure 4C). The percentage
of cell invasion compared to that of the vehicle control (0.1%
DMSO) was reduced to 47.79 £ 9.21%, 57.83 £+ 4.97%, and
21.88 + 3.21% for HeLa cells treated with 0.01, 0.05, and
0.1 mg/mL of KP extract, respectively (Figure 4D).

The Effect of KP on Inhibiting

Metalloproteinase-2 Activity

Since we observed that KP inhibited HeLa cell migration and
invasion, we then tested our hypothesis that KP may suppress
the activity of MMP-2, which is a major metalloproteinase
expressed by HeLa cells. Data from gelatinase zymography shown
in Figures 5A,B demonstrated that the KP extract significantly
reduced MMP-2 activity in a concentration-dependent manner.

untreated

0.1 mg/ml KP

0.3 mg/ml KP

0.5 mg/ml KP

KP (mg/m1) Ut 0.1 03 0.5

% Apoptosis
3

active caspase 9. Beta-actin was used as a loading control.

FIGURE 3 | The effects of KP on inducing Hel a cell apoptosis. (A) Representative figures from flow cytometry showing Hel a cells undergoing apoptotic cell death
upon incubation with different concentrations (0-0.5 mg/mL) of KP extract for 6 h. (B) Quantitative analysis of percentage cell apoptosis from flow cytometry. Data
are representative of three replicates and are expressed as mean + SD. (C) A representative western blot of caspase 9, caspase 7, and BID from Hela cells treated
with different concentrations (0-0.5 mg/mL) of KP extract for 6 h. Two immunoreactive bands of cleaved-caspase 9 indicate a p35 subunit and a p37 subunit of

Pro-caspase 9

Cleaved-caspase 9

Pro-caspase 7
Cleaved-caspase 7

BID

Cleaved-BID
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FIGURE 4 | The effects of KP on Hela cell migration and invasion. (A) Scratch wounds of monolayers HelLa cells treated with KP extract (0.01, 0.05, and

0.1 mg/mL) for 40 h. Cell migration was monitored with 4x magnification, and phase-contrast images of cell migration were taken at the time of the scratch and at
24 and 40 h post-scratch. (B) Quantitative analysis of cell migration into the scratch wound at 40 h post-scratch. Data are expressed as mean + SD. Asterisks
indicate significantly different from the control groups (untreated groups) (*p < 0.05). (C) Representative images of Hela cell invasion treated with KP extract (0.01,
0.05, and 0.1 mg/mL) and examined by the Transwell invasion assay. Vehicle is the control group where cells were treated with the highest concentration of DMSO
(0.01%) which corresponded to the concentration present in 0.1 mg/mL of KP. (D) Quantitative analysis of percent of cell invasion in KP-treated cells compared to
the vehicle control. Data are representative of three replicates and are expressed as mean + SD. *p < 0.05 compared with the vehicle control.

The immunoreactive bands of actin detected by western
blot showed the approximately equal loading in each group.
Approximately 30, 50, and 90% inhibition of MMP-2 activity was
observed in HeLa cells treated with 0.01, 0.05, and 0.1 mg/mL of
KP extract, respectively. When the treatment was performed in
the presence of EGF at 100 ng/mL, we found that EGF slightly
increased the production of MMP-2 by HeLa cells. Nevertheless,
KP extract was still able to potently inhibit MMP-2 activity in a
concentration-dependent manner.

The Effects of KP on Suppressing
Growth and Survival Signal Transduction

Pathways

To further investigate the effects of KP extract on growth of
HeLa cells, the phosphorylation status of several major protein
kinases, including PI3K, AKT, ERK1/2, and ElklI, in response
to KP extract treatment was determined. We initially undertook
immunoflourescent staining of an important member of the
MAPK signaling pathway, pERK1/2, in HeLa cells treated with
KP extract at different concentrations, to examine whether KP

extract can inhibit growth factor mediated signaling. Results from
the immunofluorescence study showed that serum-starved HeLa
cells showed a very low basal level of ERK1/2 phosphorylation
(Figure 6A; additional images representing more cells are
shown in Supplementary Figure S1). When EGF at 100 ng/mL
was added to serum-starved HeLa cells, phosphorylation of
ERK1/2 was markedly increased. However, EGF-treated cells
exposed to KP extract at 0.01 and 0.05 mg/mL showed obvious
reductions of ERK1/2 phosphorylation. Based on these results,
we further defined whether KP extract can affect phosphorylation
status of other crucial players in growth and survival signal
transduction pathways. We therefore undertook western blot
analysis of a number of signal transduction kinases, and the
results showed that KP extract could effectively suppress the
EGF-dependent phosphorylation of PI3K, AKT, ERK1/2, and
EIk1 in a concentration-dependent manner. Figures 6B,C shows
that HeLa cells stimulated with EGF alone for 15 min exhibited
an increase in phosphorylation of PI3K (2.82 £ 0.06 fold),
AKT (10.28 £ 0.72 fold), ERK1/2 (4.27 =+ 0.11 fold), and Elkl
(1.74 £ 0.08 fold). Interestingly, pretreatment of HeLa cells
with 0.01 mg/mL of KP extract for 6 h before the addition of
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EGF dramatically reduced stimulated phosphorylation of PI3K to
1.64 £ 0.36 fold, AKT to 3.98 & 0.57 fold, ERK1/2 to 2.84 £ 0.12
fold, and EIk1 to 1.67 £ 0.05 fold. Moreover, EGF-stimulated
cells treated with 0.05 mg/mL KP extract significantly reduced
phosphorylation of PI3K to 0.74 & 0.06 fold, AKT to 1.81 &£ 0.57
fold, ERK1/2 to 2.24 + 0.14 fold, and Elk1 to 1.19 =+ 0.02 fold.
Finally, EGF-treated cells treated with 0.1 mg/mL KP extract
significantly reduced phosphorylation of PI3K to 0.54 £ 0.03
fold, AKT to 0.24 £ 0.14 fold, ERK1/2 to 0.56 £ 0.11 fold,
and Elkl to 1.01 & 0.04 fold. Beta actin was used as an
internal control and for normalization. The immunoreactive
bands of actin indicated approximately equal protein loading in
each well.

DISCUSSION

Although the 5-year overall survival for women diagnosed with
early-stage cervical cancer is more than 90% (Quinn et al,
2006), cervical cancer is currently the fourth most common
cancer in women worldwide (Zigras et al., 2017). Conventionally,
chemotherapy, radiation, and surgery are common treatments
for all patients, however, most of these conventional therapeutic

strategies have severe adverse effects to the patients (Petignat and
Roy, 2007).

Alternative medicines have emerged as one of potential
treatments with less side effects and a more affordable cost
(Wang et al., 2013), and in particular medicinal herbs are major
sources of anti-cancer drug discovery and development (Desai
et al,, 2008). In the current study, we investigated KP, which
has been reported to possess anti-cancer properties against a
number of different cancer cell lines (Banjerdpongchai et al.,
2008). However, evidence for mechanism of action of KP is very
limited, and in particular data about its roles in modulating
molecular signal transduction in cervical cancer is not available.

In this study, we investigated the anti-cancer activities of
KP against the cervical cancer cell line HeLa. We found
that KP extract reduced cervical cancer cell viability in a
concentration dependent manner. Our results are consistent
with previous studies showing that KP exhibited cytotoxicity
to human colorectal carcinoma (HCT-15) cells and to human
leukemic (U937) cells (Banjerdpongchai et al., 2008, 2009).
Moreover, it has been reported that 5,7,4-trimethoxyflavone
(KP.8.10), which is one of the major constituents of KP, inhibited
proliferation of human cholangiocarcinoma cell lines (HuCCA-
1 and RMCCA-1) (Leardkamolkarn et al., 2009). Results from

Frontiers in Pharmacology | www.frontiersin.org

September 2017 | Volume 8 | Article 630


http://www.frontiersin.org/Pharmacology/
http://www.frontiersin.org/
http://www.frontiersin.org/Pharmacology/archive

Potikanond et al.

Anti-cancer Effect of KP against HelLa Cells

KP (mg/ml)  — — 0.01 0.05
EGF — + + +
" ....
KP (mg/ml) — - 0.01 0.05 0.1
EGF - + + + +

ol R
percr [T .
— 3
ST 1T TN

Bactin | et S — — — |

c 12 4
5
:.g 10 A
- n=3
Fal )
So s/
c
'E_g mpPI3K
m) 6 ——
2c - OpAKT
-E_E —l— OpERK1/2
o uc: 4 - a mpEIk1
o,
© *
£ 2 1
X
0 -

Untreated EGF EGF+0.01 EGF+0.05 EGF+0.1

mg/mlKP mg/ml KP mg/ml KP

FIGURE 6 | The effects of KP extract on suppressing growth and survival
signal transduction pathways. (A) Immunofluorescence of pERK1/2 in HelLa
cells treated with KP extract. (B) Western blot showing immunoreactive bands
of pPISK, pAKT, pERK1/2, pElk1, and B-actin of HelLa cells stimulated with
100 ng/mL EGF and treated with different concentrations of KP extract. (C)
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Elk1 of Hela cells treated with 100 ng/mL EGF and different concentrations of
KP extract. Beta actin was used as an internal control and for normalization.
Data are representative of three independent replicates and are expressed as
mean + SD. *p < 0.05 compared with untreated cells.

our study highlight the genuine cytotoxic activity of KP against
different cancers.

Based on the results from the MTT assay, we further proved
that KP reduces viability of HeLa cells via the induction
of programmed cell death. We first monitored changes in
morphology of HeLa cells exposed to a cytotoxic concentration
of KP extract (0.5 mg/mL) at different time points and observed
that KP extract gradually induced morphological changes over
time and eventually caused HeLa cell detachment from the
surface of the culture dish at 24 h of incubation. The rounding
and detachment of cells is one of the classic hallmarks of
programmed cell death. To further verify our hypothesis that
KP induces apoptosis in HelLa cells, we stained KP-treated
cells with annexin V/PI and performed flow cytometry analysis.
We found that KP significantly induced apoptosis in HeLa

cells after 6 h of incubation and this induction was in a
concentration-dependent manner. Our observations are similar
to those reported in 2008 where an ethanolic extract of KP
significantly induced apoptosis in HL-60 cells as evaluated by
flow cytometry (Banjerdpongchai et al., 2008). Consistent with
our results obtained from flow cytometry, when KP-treated
HeLa cells were stained with Hoechst 33342, the aberration
of the nuclei was observed. Specifically, we clearly showed
that KP induced nuclear deformity and nuclear fragmentation
in HeLa cells. Nuclear fragmentation is known to be one of
major characteristics of cells undergoing apoptosis where the
nuclear lamina is destabilized by active caspases (Elmore, 2007).
Therefore, nuclear fragmentation observed in our study confirms
that KP kills HeLa cells via the induction of apoptosis.

We next defined which specific apoptotic signaling pathways
are activated in response to KP treatment. Western blot
analysis clearly demonstrated that KP induced caspase 7 and 9
activation in a concentration-dependent manner, indicating that
the intrinsic apoptotic pathway is stimulated in response to KP
extract exposure. However, KP did not induce any change in the
level of full-length or cleaved BID indicating that caspase 8 in
the Fas signaling pathway (extrinsic pathway) was not activated
in HeLa cells treated with KP extract. Hence, we proposed that
the activation of the intrinsic apoptotic pathway is an underlying
mechanism of action of KP in inducing HeLa cell death.

The observation that KP extract at cytotoxic concentrations
could potently induce apoptosis in HeLa cells is interesting.
However, we additionally explored the effects of KP at non-
cytotoxic concentrations in modulating growth and survival
signaling of cervical cancer cells, and major signal transduction
pathways relevant to cell growth and cell survival including
the MAPK and PI3K/AKT pathways were investigated and in
particular the inhibitory effects of KP on growth and survival
signaling over the influence of EGF was explored.

EGF is a growth factor that stimulates cell growth,
proliferation, and differentiation of target cells by binding
and activating the specific EGFR receptor (She et al.,, 2005).
The activation of the tyrosine kinase EGFR leads to further
stimulation of several different downstream signal transduction
cascades, including the MAPK and PI3K/AKT pathways, which
eventually lead to changes in cellular activity (She et al., 2005).
One of important events after EGF activation is an increase in cell
division which is a hallmark of tumors (Normanno et al., 2006).
Furthermore, constitutive activation of the PI3K/AKT pathway
in most cancers is typical, and has been shown to promote cancer
cell survival (Zhang et al., 2015). Therefore, agents or therapeutic
strategies that can adequately inhibit the over activation of EGF
or the downstream effectors in the signaling cascade would
be interesting targets for developing as effective anti-cancer
therapies (Harari, 2004). We hypothesized that KP extract at low
and non-cytotoxic concentrations may suppress the activation of
the MAPK and AKT signaling.

The results confirmed our hypothesis since KP extract
significantly suppressed phosphorylation of PI3K, AKT, ERK1/2,
and Elkl. The reduction in phosphorylation status observed
in PI3K and AKT suggests that survival signaling in HeLa
cells is interrupted even though EGF was present. Similar
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observations were seen in ERK1/2 in cells exposed to KP extract
at non-cytotoxic concentrations, suggesting that cell growth
and proliferation signaling in HeLa cells is suppressed. MAPKs
are among the central elements that transduce extracellular
stimuli into cellular responses, and are known to play a crucial
role in cell growth (Seger and Krebs, 1995). In general, when
ERK1/2 is activated by phosphorylation, it translocates into
the nucleus and further phosphorylates and activates several
different transcription factors involved in cell cycle progression
(Chambard et al., 2007). One of those pERK1/2 targets is Elkl
(Mebratu and Tesfaigzi, 2009). A noticeable decrease in Elkl
phosphorylation in KP-treated HeLa cells along with that of
ERK1/2 verifies that KP has a potent property to inhibit EGF-
dependent activation of HeLa cell growth and survival signaling.
It is reasonable to conclude that KP extract can not only induce
cell apoptosis but also suppresses growth and survival of cervical
cancer cells.

Besides effects of KP extract on growth and survival signaling,
there are other interesting aspects to be explored. The observation
that phosphorylation of Elkl is significantly reduced after
incubation with KP extract led us to believe that KP also
has a role in regulating the remodeling of the extracellular
matrix of HeLa cells via interfering with the expression of
metalloproteinase 2. It has been reported that the activated Elk1
controls the expression of molecules engaged in the proteolysis
of the extracellular matrix, such as MMP-2 and MMP-9 (Choi
et al,, 2011). Consequently, Elk1 is able to control cell migration
and invasion (Odrowaz and Sharrocks, 2012). Interestingly,
consistent with previous reports, we found that KP inhibited the
activity of MMP-2 in a concentration dependent manner and this
effect was still observed in HeLa cells treated with KP extract
in the presence of EGF. This means that KP has a potent effect
over the effect of EGF to suppress MMP-2 production. MMP
expression has been shown to be linked to tumor invasion in
many different tumors (Liotta et al., 1980; Cottam et al., 1992;
Garzetti et al.,, 1995; Fidler, 1997; Fishman et al., 1997; Gohji
etal., 1998; John and Tuszynski, 2001). In addition, many clinical
studies have emphasized the association of MMP expression with
progression of cervical cancer (Zhou et al., 2002; Asha Nair et al.,
2003), and many types of human tumor have been reported to be
associated with increased expression of MMP-2 (Di Nezza et al,,
2002; Sato et al., 2004; Berube et al., 2005).

Our current study reporting that KP extract can effectively
reduce MMP-2 activity provides valuable information to support
that KP may inhibit migration and invasion of cervical cancer
cells. Therefore, we performed cell migration and invasion assays
and found that KP extract at non-cytotoxic concentrations
significantly inhibited migration and invasion of HeLa cells in
a concentration-dependent manner. This observation elicits a
role for KP extract in suppressing remodeling of the extracellular
matrix and inhibiting migration and invasion. This statement
is supported by our finding that KP inhibited the PI3K/AKT
signaling which is a signal transduction pathway reported to
be associated with cell motility and invasion (Zhou and Wong,
2006). Since KP extract at the concentrations that did not kill

cells could successfully suppress migration and invasion of HeLa
cells, we strongly believe that KP possesses its authentic anti-
cancer property against cervical cancer, at least in part, through
inhibition of migration and invasion.

CONCLUSION

This study presents accumulated evidence that Kaempferia
parviflora extract possesses anti-cancer properties including
the suppression of growth and survival signaling pathways,
inhibition of metalloproteinase 2 activity, inhibition of cell
migration and invasion, and induction of apoptosis in the
HeLa cervical cancer cell line. Our report strongly suggests that
Kaempferia parviflora contains active compounds which may
directly or indirectly inhibit EGF-dependent signal transduction
pathways and subsequently suppress tumor progression and
induce cancer cell death. Identification of potential active KP
compounds along with determination of their interaction with
EGF receptor or specific downstream effectors is worth further
investigation since the obtained information would be beneficial
for verifying that Kaempferia parviflora can be used as a valid
chemopreventive and chemotherapeutic agent in cervical cancer
treatment.
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