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Abstract

Background Breast cancer is the most common cancer and leading cause of cancer
mortality in female. The treatment of breast cancer is combination with several treatment.
This research project focuses on the KP for anti-proliferation on breast cancer cell lines.
Methods Breast cancer cell lines, MCF-7, MDA-MB-231, and SKBR-3 were used to investigate
the anti-proliferation effect of KP extract. Cell viability was determined by MTT assay. DNA
distribution in cell cycle was determined by PI staining and cell apoptosis assay was

determined by AnnexinV/PI staining. Results KP extract was reduced MCF-7 cell viability in a

time and dose dependent manner. IC50 value was 470 JLg/ml of MCF-7 cancer cell lines. KP
extract was accumulated of cell cycle at subG0/G1 phase and induced apoptosis on MCF-7
cancer cell line. Conclusions KP extract was highly effective on MCF-7 cancer cell line. Treated

cells were induced cell cycle distribution and induced cell apoptosis.

Keywords Apoptosis, Breast cancer, Kaempferia parviflora

Introduction

Cancer is a noncommunicable disease (NCDS) as the leading cause of death and the
most essential barrier to increasing life anticipation in every country of the world. According
to approximately from World Health Organization (WHO) in 2015, cancer is the first or second
leading cause of death before age 70 years in 91 of 172 countries. Cancer incidence and
mortality are rapidly growing worldwide (1). In Thailand, breast cancer is the most common
cancer in female with the incidence of 28.5% of new cancer cases (2). Cancer is a
heterogeneous disease, which comprises of many biologically different entities with apparent
pathological features and clinical implication. Carcinogenesis of breast cancer depends on
multi-factors including mutated genes that control cell proliferation, differentiation and
survival. Based on gene expression profiles, breast cancer can be classified into five subtypes
including the luminal subtypes (luminal A and luminal B), the HER-2 enriched subtype, and
the triple negative subtype. Each subtype has different biological and genetic pathways leading
to different cell behaviors and response to treatment (3).

Kaempferia parviflora (KP) known as Kra-chai-dam in Thai or black ginger. This plant is
a member of Zingiberaceae family. The KP has been traditional used as folk medicine in various
disease. The recent study has been shown the properties of this plant including anti-gastric

ulcer, sexual supplement activity, anti-allergic, anti-inflammatory, cardioprotective activity and
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effect on osteoarthritis (4-9) The property of KP extract for anti-proliferation of cancer had
been reported on a few cancer type such as human promyelocytic leukemia HL-60 cells,
human promonocytic leukemic u937 cells, human cholangiocarcinoma HUCCA and RMCCA-1
cells, human cholangiocarcinoma B16 cells, human Hela cell 229 and human ovarian cancer
SKOV-3 cells (10-15). The several studies were demonstrated the anti-proliferation effect,
inhibitory effect on cell migration and induce cell apoptosis. The previous studies had reported
KP extract can reduce the matrix metalloproteinase (MMP-2) activity involve cell migration
and loosed of mitochondrial transmembrane potential (MPT). The effect KP on caspase-3 had
been reported suppressed caspase-3 after treated cells with KP, caspase-3 related to cell
apoptosis mechanism. This research project selects the representative breast cancer cell lines
for each subtype including MCF7 (luminal subtype), SKBR3 (HER-2 enriched subtype) and MDA-
MB231 (triple negative subtype) in order to study possible different effects of KP on each
breast cancer subtype (3).

Methods
Plant material and extraction of KP

The fresh rhizome of KP was collected from Loei province, Thailand. The rhizome was
extracted with ethanol. Then, the ethanolic extract was analyzed by thin layer
chromatography at Faculty of Pharmacy, Mahidol University, Thailand.
Cell culture condition

The human breast cancer cell lines, MCF-7 (ATCC® HTB-22™), MDA-MB-231 (ATCC®
HTB-26™), SKBR-3 (ATCC® HTB-30™), and Hela (ATCC® TCP-1022™) were cultured in complete
DMEM (Gibco, USA) in T75 flask. These cells were harvested and washed twice by 1X PBS
(Amresco®, USA), trypsinized with 0.5% Trypsin in EDTA (Gibco, USA.) for 2 min. The reaction
was stopped by 0.2 ml FBS (Gibco, USA.) and transferred to the new culture medium flask.
Human dermal fibroblast was incised from breast cancer patient and used as a control group.
It was cultured in DMEM high slucose supplemented with 10% FBS plus 1% Penicillin and

streptomycin.

Cell viability assay
The effect of KP on cell viability in MCF-7, MDA-MB-231, and SKBR-3 were determined
by MTT assay [(3, 4, 5-dimethlthiazole2-yl) 2-5-diphenyltetrazodium bromide] (Sigma). Breast

cancer cell lines were seeded at a density of 5x10°cells per well. The human dermal fibroblast
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was used as a negative control and seeded at a density of 1x10¢ cells per well. HelLa was used
as a positive control was seeded at a density of 5x10°cells. Cells were treated with KP extract
at different concentrations; 0, 100, 200, 300, 400, and 500 pg /ml. A final concentration of

0.1% DMSO and doxorubicin were used a negative control. These cells were incubated for
different time intervals (24, 48 and 72 hours) and 50 pl of 1 mg/ml in PBS of MTT [(3, 4, 5-
dimethlthiazole2-yl) 2-5-diphenyltetrazodium bromide] (Sigma) was added into well plates.
After incubation with MTT solution, the supernatant was decanted and 100 ul of DMSO was
added to 96 well plates. The 96 well plates were incubated in the dark for 10 min and checked
for complete solubilization of purple formazan crystals. These cells were analysed by ELISA
reader at 595 nm (Biotek Laboratories®, USA). The assay was done in triplicate with three
independent experiments, Cell viability calculated by the following formula.

Cell viability (%) = [(control O.D — sample O.D)/ control O.D] x100

Cell cycle analysis

Cell cycle analysis was performed by propidium iodide (Pl) staining base on
measurement of the DNA content of the cell by flow cytometry. MCF-7, Hela, and, human
dermal fibroblast were seeded at a density of 7x10°, 5x10°, and 5x10°; respectivelyin 6 well
plate for 24 hours. The KP extract was added into each plate at different concentrations: 470,
340, and 650 Mg/ml, respectively for 24 hours. The cells were harvested and resuspended
with cold PBS. Cell suspension at a density of 5x10° cells/ml was centrifuged at 400 ¢ for 5
min at RT. Cells were incubated in trypsin solution, and followed by trypsin inhibitor, and
RNase solution for 10 min. Cells were stained with 200 Ml of propidium iodide (PI) and
incubated 10 min in the dark. The cells were analyzed by flow cytometry with Cell Quest
software (BD, USA) within 1 hour.
Apoptosis assay

Cell apoptosis was assessed by FICT AnnexinV/PI staining. MCF-7, HelLa, and human
dermal fibroblast were seeded at a density of 7x10% 5x10° and 5x10°cells; respectively in 6
well plate for 24 hours. The KP extract was added in each plate at different concentrations;
470, 340, and 650 Mg/ml; respectively for 24, and 48 hours. Cells were harvested, and
resuspended 1X Binding. Then, Annexin V and PI (BD, Bioscience, San Jose, CA, USA) were
added in cell suspension, and cells were incubated at RT for 15 min in the dark. The flow

cytometry was performed using Cell Quest software (BD, USA) within 1 hour.
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Results
The effect of ethanolic KP extract to cell viability

To investigate the effect of KP extract on cell viability, MCF-7, MDA-MB-231, SKBR-3,
Hela, and human dermal fibroblast were treated with KP extract at different concentration 0,
100, 200, 300, 400, and 500 pg/ml for 24, 48, and 72 hours and measured by MTT assay. The
result from MTT assay showed reduction in cell viability in a dose and time dependent
manner. Half-maximal inhibitory concentration (IC50) of KP extract were 470, 900, and 1180
bg /mU(MCF-7, MDA-MB-231, and SK-Br3; respectively) (Figure 1). The IC50 values of HelLa and
fibroblast were 330, and 650 pg/ml; respectively. However, treated cells were showed highly
effective on cells cytotoxicity when compared with control cell. The results from MTT assay
were showed less responsiveness of MDA-MB-231, and SKBR-3 when compared with other

subtype of breast cancer cell lines.
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Figure 1 Dose and time of KP extract was responded to the cytotoxicity effect on breast cancer cell line. (A) Showed the percentage of
cell viability on MCF-7 cell. (B) Showed the percentage of cell viability on MDA-MB-231. (C) Showed the percentage of cell viability on SKBR-3
cell. (D) showed the percentage of cell viability on Hela cell. (E) Showed the percentage of cell viability on fibroblast cell. The bar indicated
percentage of cell viability on cancer cell treated with KP extract at difference concentration at 24, 72, 48 hours. The results obtained from
flow cytometry were expresses three experiments mean and SD.
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The effect of ethanolic extract of KP to cell cycle distribution

To investigate the effect of KP extract on cell cycle distribution, MCF-7, Hela, and
fibroblast were treated with KP extract at concentration 470, 330, and 650 pug/ml; respectively
for 24 hours. Treated cell lines were stained with Pl and analyzed by flow cytometry. In MCF-
7 control cells, the percentage of cell in subG0/G1, GO/G1, S and G2/M phase were 6.84%,
55.32%, 19.94%, and 14.79%, respectively. After 24 hours incubation with KP extract, the
percentage of cells in sub GO/G1 phase increased to 64.19%, whereas the cells in GO/G1, S
and G2/M phase decreased to 9.98%, 3.27%, and 2.6%,; respectively. In positive control Hela
cells, the percentages in sub G0/G1, GO/G1, S and G2/M phase were 6.35%, 60.41%, 9.449%,
and 7.30% respectively. After 24 hours incubation with KP extract, the percentage of cell in
sub G0/G1 phase was increased to 15.01%, whereas the cells in GO/G1, S, and G2/M phase
were decreased to 60.17%, 3.24%, 6.46%, and 6.46%; respectively. These results suggested
that KP extract had able to induce cell cycle arrest at subG0/G1 of MCF-7 and S-phase of Hela

cell lines (Figure 2).
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Figure 2. Effect of KP extract on cell cycle distribution in MCF-7, HeLa and fibroblast cell lines were treated with KP extract for 24 h.
Treated cells were stained with Pl and analyzed by flow cytometry. (A) The histogram was showed cell cycle analysis of control cells of MCF-
7 (B) The histogram was showed cell cycle analysis of MCF-7 treated with KP. (C) The data were showed the percentage control group of cancer
cell lines. (D) The data were showed the percentage treated with KP of cancer cell lines.
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The effect of ethanol extract of KP to cell apoptosis

To investigate the effect of KP extract to induce apoptosis, MCF-7 and, Hela cell lines
were treated with KP extract at concentration 470, 330, and 650 pg/ml; respectively for 24,
and 48 hours. Treated cells were stained with Annexin V-FICT/PI and analyzed by flow
cytometry. The data was showed increasing number of early and late apoptotic cells when
compared with control group. In treated cells of MCF-7 at 24 hours, the percentage of early
apoptosis in N1, N2, N3 were showed 13.98%, 15.45%, and 15.05% respectively. In treated
cells of cells MCF-7 at 48 hours, the percentage were showed 24.58%, 38.91%, 31.21%;
respectively (Figure 3). At the same time point. The result of early apoptosis in HelLa were
showed increasing percentage of cells. In treated cells of HelLa for 24 hours, the data were
showed 6.05%, 6.39%, and 4.96%; respectively. In treated cells of Hela for 48 hours, the
percentage were showed 53.94%, 42.14%, and 52.26%; respectively. The percentage of late
apoptosis in MCF-7 and Hela cell lines were showed increasing the number of cell compared

with control cells.
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Figure 3 The effect of KP extract on cell apoptosis, MCF-7, HeLa and fibroblast were treated with KP
extract for 24, 48 hours and stained with AnnexinV/PI. (A) MCF-7 cells were incubated without KP extract (B)

MCF-7 cells were incubated with KP extract 470 [lg/ml. The lower right quadrant of histogram was indicated percentage of
early apoptotic cells (Annexin V+/PI-) (C) Photo was represented round shape and organized nuclear structure (D) Photo was
showed cells floating and irregular cell wall.
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DISCUSSION

The data present here demonstrated that the KP extract inhibited proliferation of
breast cancer cell lines. The KP extract induced cell cycle distribution in sub G0/G1 and
induced cells apoptosis in breast cancer cell lines. Currently, there are several studies that
determine anti proliferative effect of extract obtained from herbs on cancer cells. Our results
showed that MCF-7 breast cancer cell lines had highly effective response to KP extract. MDA-
MB-231 and SK-Br3 were slightly responded when compared with MCF-7 and controlled cells.
Our result is consistence with previous studies. They reported that KP extract had cytotoxicity
effect to human ovarian cancer (SKOV-3), Human cervical cancer Hela229, human
promyelocytic leukemic (HL60), human promonocytic leukemic (U397), human bile duct
(HuCCA-1 and RMCCA-1) and human urinary bladder cancer (T24) (11-15). Several herb extract
had been studied in breast cancer cell lines. Our study is the first trial of using the KP extract
on breast cancer cell lines. The previous study investigated the anti-proliferation effect of
hualiang on MCF-7, MDA-MB-231, SKBR-3 and T47D breast cancer cell lines (16). MCF-7 and
MDA-MB-231 had high response to hualiang extract. These finding show that different breast
cancer subtype may affect response to herb extract. Further study to elucidate the signaling
mechanism of KP extract and the involvement of hormone receptor are need.

In our study, the effect of KP extract to cell cycle distribution was determined by PI
staining. Our result showed that KP extract could induce cell cycle arrest at subG0/G1 of MCF-
7 breast cancer cell lines. The previous studies have shown that KP extract could suppressed
growth and survival signaling pathway. Potikanond et al. reported KP extract significantly to
suppressed phosphorylation of PI3K, AKT, and ERK1/2. The PI3K/AKT, and ERK1/2 signaling
pathway are role important on process of cell survival, cell proliferation, and cell growth.
PI3K/AKT pathway can activated growth factor via their ligand (14). This finding is consistent
with Paramee et al, they were studied the effect of KP on SKOV-3 and showed KP extract can
suppress phosphorylation of ERK1/2 and AKT (15). In addition, cyclin and cyclin dependent
kinase (CDKs) are involve regulation process of cell cycle division. Therefore, further study to
elucidate the signaling mechanism of KP extract to cell cycle distribution are need.

We determine the effect of KP extract on breast cancer cell lines. The data showed
increase the percentage of early apoptosis. Our result is consistence with previous studies. KP
extract induce apoptosis of SKOV-3, Hel.a229, HL-60, U397, HUCCA-1 and RMCCA-1, and T24
in a time and dose dependent manner (10-15). The previous evidence demonstrated that KP

extract suppressed activation of caspase-3, caspase-7, and caspase-9. This finding is consistent
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with Paramee et al. KP extract showed reduction of full length structure of caspase-3, caspase
-7, and caspase-9. The apoptotic pathway includes 2 pathway, extrinsic and intrinsic pathway,
the caspase-3, capase-7 and caspase-9 are involve with apoptotic intrinsic pathway when the
mitochondrial outer membrane permeability (MOMP) is increasing permeability (17-20). This
finding is consistence with Banjerdpongchai et al. (2008, 2009) KP ethanol extract involved

activation of caspase-3 via a mitochondria-mediated pathway (10,11).

Conclusions

This study presents the effect of KP was able to anti-proliferation on breast cancer cell
lines including induction cell cycle distribution at sub G0/G1 and induction apoptosis on MCF-
7 breast cancer cell lines. These observations convince us to believe the KP extract can be

used as potential agent in breast cancer.
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