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Abstract

Osteosarcoma (OS) is the most common form of bone cancer in humans, primary affecting children and adolescence. OS can metas-
tasis to lung and other bones. The five years’ survival rate of OS are only about 55-70% and if metastases is less than 20%. Chemo-
therapeutic drugs have been used but these drugs also caused high toxicity to normal cells; therefore, alternative chemotherapy are
needed to possibly use lower amount of these drugs. Natural products with anti-cancer properties may provide synergistic effect
along with chemotherapeutic drugs. Present study was aimed to evaluate our hypothesis that the combination of curcumin (CUR), a
natural antioxidant, and a lower dose of afatinib (AF), an anti-cancer second generation tyrosine kinase inhibitor (TKI), would have
a synergistic effect on human Saos-2 cells based on results from MTT assay, Hoechst 33342, Nuclear ID Red/Green and Rhodamine
123 staining, and Western Blot. Based on different signaling pathway being affected, CUR at 30 uM enhanced the chemotherapeutic
activity of low dose AF at 3 uM in causing cell death as compared to AF alone at high dose. Results from this study showed possible

use of low dose AF with CUR to be a treatment option for osteosarcoma.
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togen-activated protein kinase; EGFR: Epidermal growth factor; H2DCFDA: 2’, 7’-Dichlorodihydrofluorescein diacetate; Cl. PARP: Cleaved
poly (ADP-Ribose) polymerase; ROS: Reactive oxygen species; Casp: Caspase; MMP: Matrix Metallo Proteinase
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Introduction
Chemotherapeutic drugs such as doxorubicin, cisplatin, methotrex-

ate, or a combination of bleomycin, cytoxan and actinomycin D have
been successfully used to treat cancer such as osteosarcoma (0S),
but they can also induce severe side effects and toxicities to normal
cells [1]. To overcome this significant problem, novel chemothera-
peutic approaches are needed to better treating OS. Decreasing the
concentration of chemotherapeutic drugs as low as possible while
maintaining their effectiveness to cause cell death to OS, by add-
ing natural products such as curcumin, resveratrol, or others which

cause no toxicities to normal cells, can provide an ideal solution.

Curcumin (CUR), an active compound derived from the rhizome
plant Curcuma longa, has been identified of having anti-cancer
properties in colorectal, pancreatic, lung, breast and hematological
malignancies [2-7]. Previous reports demonstrated that the chemo-
preventive activity of CUR involves the regulation of various onco-
genic molecules and pathways such as activator protein 1 (apaf-1),
mitogen-activated protein kinase (MAPK), cyclin D1, EGFR, and
others [8-9]. Moreover, CUR has been shown in various preclinical
trials to prevent or to treat multiple myeloma, colorectal or pan-
creatic cancers, and familial adenomatous polyposis, alone or in
combination with anti-cancers such as capecitabine, gemcitabine,

or use of radiation radiotherapy [10].

Osteosarcoma (OS) is the third most common cancer of bone and
joint affecting children and adolescents. This cancer has an annual
incidence of 5.6 cases per million children under the age of 15, with
peak incidence around the second decade of life [11-14]. According
the National Cancer Institute, there is an estimated of 3600 new
cases of OS with estimated death of 1720 and five years’ survival
rate of 66% in 2020 in the United States [15]. Worldwide incidence
of OS is about 3.4 people per million per year [16]. Treatment of OS
include surgical amputation, radiation, and chemotherapy. Radia-
tion treatment has a controversial issue due to its questionable ef-
fectiveness and possible increased risk of infection [14]. Addition-
ally, there is only about 55% disease -free cases after patients go

through a two years of treatment with chemotherapeutics drugs

[1].

Afatinib (AF) is the second generation TKI that function to selec-
tively inhibit epidermal growth factor (EGFR) and human epider-
mal growth factor receptor 2 (HER-2/neu) [17-19]. This TKI was

approved by the Food and Drug Administration for the treatment of
patients with EGFR-mutated non-small cell lung cancer. This drug
inhibits downstream oncogenic signaling pathways correlated to
cancer proliferation, invasion, metastasis and angiogenesis [17-
20]. Itis irreversibly bind to ErbB family blocking signaling of EGFR
family dimers [21-22]. Since treatment of cancer with AF mono-
therapy can cause drug resistance to EGFR and other oncogenic
proteins; there is a need to find effective adjuvant therapy that can
limit AF resistance and toxicities with long lasting remission or
cure effect [23].

This investigation was designed to evaluate the chemo-enhancing
potential of CUR in combination with low dose AF for the treatment
of human OS using Saos-2 cells line as a model. To our knowledge,
this study is the first to report inhibition of cancer-signaling related
pathway showing the efficacy of CUR working synergistically with
low dose of AF in the treatment of human OS.

Materials and Methods or Experimental
Proceduresa

Chemicals

Curcumin, 3- [4, 5-dimethylthiazol-2-yl] -2, 5-diphenyl-tetrazolium
bromide (MTT), RIPA buffer, protease inhibitor, and phosphatase
inhibitor were purchased from Sigma (Saint Louis, MO, USA).
Afatinib was obtained from LC Laboratories (Woburn, MA, USA).
NucBlueTM live cell stain Hoechst 33342 was purchased from
Life Technologies (Carlsbad, CA, USA), H2DCFDA (2, 7’-Dichloro-
dihydrofluorescein diacetate) from Invitrogen (Eugene, OR, USA),
Nuclear-ID red/green cell viability reagent from Enzo Life Sciences
Inc (Farmingdale, NY, USA), respectively. Bradford reagent and
Enhanced Chemi luminescense (ECL) detection kit were supplied
by Bio-Rad (Hercules, CA, USA). Dimethyl sulfoxide (DMSO) was
purchased from Amresco (Solon, OH, USA). Cl. poly (ADP-Ribose)
polymerase (PARP), casp-3, cl. casp-3, casp-9, cyclin D1, cyclin B1,
cytochrome C, MMP2, MMP9, and CDK2 were purchased from Cell
Signaling Technology (Beverley, MA, USA). Dry milk, f-actin, Bax,
Bcl2, Apaf-1, CDK7, MEK-1 to -4, were purchased from Santa Cruz
Biotechnology, Inc (Santa Cruz, CA, USA).

Growth media and Cell culture

The human osteosarcoma Saos-2 cell was cultured in McCoy’s 5A
medium, supplemented with 10% fetal bovine serum (FBS), 1%
streptomycin/penicillin, which all were purchased from ATCC (Ma-

nassas, VA, USA). The cells were maintained in incubator at 372C in
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5% CO, humidified environment. Cell culture dishes (T75) were

purchased from Greiner-Bio One (Monroe, NC, USA).

Cell viability assay

Cell viability was assessed by MTT method previously described
[24]. Briefly, Saos-2 cells were plated in a 96-well microplate dish
at 1x10° cells/ml (Greiner-Bio One, Monroe, NC, USA) and incubat-
ed overnight to allow the cells to adhere to the wells, followed by
treatment of cells with a series concentrations of AF, CUR, or their
combination. After 24 h of incubation at 372C in 5% CO02, 50 ul
MTT solution (2mg/ml) was added to each wells followed by four
hours of incubation at 372C in 5% CO2 after which 150 pl DMSO
was added to dissolve violet blue crystals. The cell viabilities were
determined by measuring the absorbance at 570 nm with spectro-
photometer (Molecular Devices, CA, USA).

Morphological analysis

The appearance of Saos-2 cells treated with AF, CUR or their com-
bination at 0 and 24 hr treatment was observed and photographed
under an inverted microscope (Motic AE31, Hong Kong). The
changes in morphology of Saos-2 cell of the control and the treat-

ment groups were compared.

Apoptosis assay

To observe the nuclear chromatin morphological changes of
Saos-2 cells, NucBlue™ live cell Hoechst 33342 staining assay was
performed as previously described [24]. The amount of apoptotic
and non-apoptotic cells treated with CUR, AF, or their combination
were captured using FLoid cell imaging station (Life Technologies,
Carlsbad, CA, USA) and Fluorescence intensities were measured by
Image ] software (NIH, USA). A histogram was prepared to compare
the percentage changes of apoptotic cells from different treatment

groups.

Intracellular ROS assay

To compare intracellular ROS generation in Saos-2 cells after indi-
vidual AF, CUR, or their combination treatment, H,DCF-DA staining
assay was performed following the manufacturer protocol as pre-
viously reported [24]. The relative intensities of green fluorescence
from different treated groups were captured using FLoid cell imag-
ing station and Fluorescence intensities were measured by Image
] software. A histogram was prepared to compare the percentage

changes of generated ROS from different treatment groups.

Mitochondrial membrane potential () assay

To identify the mitochondrial membrane potential changed from
different treatment groups, cells were stained with Rhodamine 123
fluorescence probe as previously described [24]. The relative inten-
sities of green fluorescence were captured using FLoid cell imaging
and a histogram was prepared to compare relative fluorescence in-

tensities measured by Image ] software.

Wound-healing assay

To asses if AF, CUR or their combination could stop cellular migra-
tion, cells at 1x 10° were grown in a 12 well dish. After 24 h, the
monolayer Saos-2 cells at confluent of about 70-80% were scratch
using a sterile pipette tip, followed by cells treatment with individ-
ual AF, CUR or combination of AF and CUR for 24 h incubation in 37°
C. The area of migration was photographed (40X) under inverted
microscope and the width of the scratch was analyzed at 0 h and
24h.

Live and Death cells assay

To access if individual AF, CUR or their combination could cause
death of Saos-2 deoxynucleic acid (DNA), the nuclear-ID red/green
cell viability assay was performed following manufacture protocol.
Cells at 1x 105/ml were placed in 12 well dish for 24 h followed by
the treatment with individual AF, CUR or their combination for 24
h prior to detection with the fluorescence probe. The simultaneous
combination of red and green dye permits determination of live and
death cells which was captures using Floid cell imaging and a histo-

gram was prepared to measure the amount of live and death cells.

Western blot analysis

The expressions of different signaling proteins were analyzed using
Western blot technique as previously described [24]. Briefly, RIPA
buffer supplemented with protease and phosphatase inhibitors
was used to extract proteins from Saos-2 cells treated with individ-
ual AF, CUR, or their combination. The protein concentrations were
determined using the Bradford Protein Assay Reagent following the
manufacture protocol. Equivalent amounts of protein 50 pug were
loaded onto 10% polyacrylamide gels, which was separated by
electrophoresis, followed by transferred of the gel unto Immuno-
Blot PVDF membranes using Trans Blot Turbo (Bio-Rad Laborato-
ries, Hercules, CA, USA) for 30 minutes. The membranes were then
blocked for 2 hours in 5% dry milk dissolved in Tris-buffered saline

containing 0.1% Tween-20 (TBST) at room temperature. Finally,
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the membranes were incubated overnight with specific primary an-
tibodies. Membranes were then after washed several times in TBST,
followed by incubation for two h with secondary antibodies. The
protein bands were developed using ECL Western Blotting detec-
tion reagents and the pictures were taken using Bio-Rad ChemiDoc
XRS+.

Statistic

All the statistical results were expressed as the mean * SD of three
independent sets of experiments. Differences between individual
and combination treatment groups were analyzed using Newman-
Keuls one-way ANOVA. *P < 0.05, **P < 0.01 and *** P < 0.001 were

considered statistically significant.

Results

Cell viability and selection of doses

AF or CUR decreased Saos-2 cell viability in a dose dependent man-
ner based on MTT assay. Initially, cells were treated with different
concentrations of AF ranging from 0-100 pM, or CUR from 0 - 500
uUM. From initial data, CUR 30 uM was selected to be used with dif-
ferent AF concentration to find the lowest possible concentration of
AF. Figure 1(a) depicted individual treatment of cells with 3 uM of
AF or 30 pM of CUR showed cell viabilities of approximately 65%
and 85%, respectively. Combination CUR at 30 pM with serial dilu-
tion of AF (0-100 puM) resulted in dose-dependent decreased of cell
viabilities. Cells death in the combinational treatment of 3 pM AF
and 30 uM CUR was higher than individual AF or CUR treatment.
Based on the MTT result, we chose 3 pM of AF, 30 uM of CUR, and

their combination for further experimentations.

CUR and AF combination treatment caused change in cell
morphology

The morphology of Saos-2 cells was changed in all treatment groups
as compared to the control. Figure 1 (b) showed that control cells
were healthy and attached to the culture dish while most cells were
round shaped with higher number of cells dead floating in the me-
dia in the combination of CUR and AF dish.

CUR and AF combination treatment induced apoptosis

Combination of 3 uM of AF and 30 pM of CUR induced Saos-2 cells
to apoptosis more than cells treated with 3 uM of AF or 30 puM of
CUR only, as confirmed by Hoechst 33342 staining using fluores-
cence microscopic images detection system as shown in Figure 1

(). Nucleus of control cells showed lower fluorescence intensity

signifying that these cells were normal and healthy. The cells un-
dergoing apoptosis showed bright blue color due to condensed
and fragmented nucleus. In individual AF or CUR treatment, the
percentage of brightly stained cells were higher than control. The
percentage of brightly stained apoptotic cells was the highest in
the combination treatment of CUR and AF. Figure 1 (d) showed the
histogram comparing the apoptotic of control, AF, CUR or combina-
tion of AF and CUR.

CUR and AF combination treatment decreased cell migration

After 24 h of treatment, combination of AF and CUR caused less mi-
gration of cells i.e. wider gap of wound than individual AF or CUR
treatment in Saos-2 cells. Control showed cells were migrated back
closer after 24 h as shown in Figure 2 (a). Cancer cells that migrat-
ed back faster and closer after being wounded such as seen in con-
trol showed sign of invasion of cancer cells into surrounding tissue
and is indication of an initial step in cancer metastasis. Figure 2 (b)
showed the histogram comparing the width of wound from Saos-2

control, individual AF or CUR, or combinational treatment.

CUR and AF combination treatment depleted mitochondrial
membrane potential

Generation of ROS in the cells indicated cell death due to the deple-
tion of mitochondrial membrane potential. Individual AF, CUR or
combination treatment showed induction of cell death as demon-
strated with fluorescence microscopic images in Figure 3(a). Con-
trol Saos-2 cells had higher fluorescence intensity than the treated
cells as shown in histogram Figure 3 (b). Depletion of the fluores-
cence intensity was significantly higher in combination group than
individual AF or CUR treatment. Intracellular ROS formation could
also be evaluated with H2ZDCFDA staining method as seen in Figure
3 (c). Figure 3 (d) histogram intensity showed the intracellular ROS
level was significantly higher in the combination of CUR and AF
than in individual AF or CUR.

CUR and AF combination treatment increased cell death

The number of cell death in Saos-2 cells treated with individual AF,
CUR, or their combination were evaluated with nuclear-ID red/
green cell viability as seen in Figure 4 (a). Showed the red fluo-
rescent indicated cells were alive permeable to nucleic acid dye
while green fluorescent indicated cells were death impermeable
to nucleic acid dye. When the image from red dye and green dye
were merged, cells that were alive had red or dark orange color, as

seen in the control. Combination of AF and CUR showed the highest
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number of cell deaths as seen in merge photograph showing green
or yellow color. Figure 4 (b) histogram showed the number of cell
death was significantly higher in the combination treatment than
individual AF or CUR treatment.
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Figure 1: a) MTT assay for cell viability of Saos-2 cells treated for 24 h with different concentrations of AF from 0 - 100
uM, CUR from 0-500 uM, and combination of CUR at 30 uM and serial concentration of AF. 1 (b) Inverted microscopic im-

ages of Saos-2 cells after 24 h treatment with AE CUR, or their combination. Control Saos-2 had normal cell morphology,

while cells treated with individual AF or CUR were round shaped. More round shaped cells were detected in cells treated
with combination of AF and CUR and these cells were also detached from the flask. Scale bar indicates 100um. 1 (c) Fluo-

rescence microscopic images of cells after 24 h stained with Hoechst 33342. The number of apoptotic cells (bright nuclei)

was slightly increased in individual AF or CUR treatment in comparison to control cells. Highest number of apoptotic

cells was observed in Saos-2 cells treated with combination of AF and CUR. Scale bar indicates 100um. 1 (d) Histogram

represented the percentage of apoptotic cells from different treatment group with significantly higher number of apop-
totic cells in combination of AF and CUR group (*** = 0.001< p).
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Figure 2: (a) Wound healing assay of Saos-2 cells treated with AF, CUR or com-

bination of AF and CUR in comparison to control at 0 and 24 h. 2 (b) Histogram

comparing the width of the wounds from different groups. After 24 h, migration

was higher in cells treated with combination of AF and CUR and rounded cells

signified apoptosis was noticed in this treatment group (**=0.001 <p).

CUR and AF combination treatment modulated Bax, Bcl2 and
cytochrome C expressions

Intracellular ROS generation in apoptotic cells was associated with
change in Bax and Bcl2 protein expressions. Western blot analysis
data as seen in Figure 5 (a) and band intensity histogram (Figure 5
b) showed a significant increase in Bax expression and decreased
in Bcl2 expressions in Saos-2 cells treated with combination of CUR

and AF than its individual CUR or AF. ROS generation also caused

reduction in mitochondrial membrane potential that caused in-
creased in the release of cytochrome C into cytosol that further in-
duces apoptosis. Combination of CUR and AF significantly increased

expression of cytochrome C

CUR and AF combination treatment modulated mitochondrial
signaling proteins
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Mitochondrial apoptosis due to the depletion of mitochondrial
membrane potential had been associated with several key proteins
such as Casp 9, Casp 3 and Apaf-1. Western blot analysis showed
expression of Apaf-1 was increased in individual CUR or AF as com-
pared to the control. But when the cells were exposed to the combi-
nation treatment of CUR and AF, the expression of Apaf-1 increased
significantly as seen in Figure 5(c). Casp 3, Casp 9, and PARP protein
cleaved to its active form considered as a very important event in

cancer cell apoptosis. The expression of Cl. Casp 3 was higher in

(3a)

Fluerescenceinternsity (a.u.)

(3b)

o AF

2 I wh
CUR AF+CUR

(3¢)

3d)|

combination of CUR and AF. Cleavage of PARP and higher expres-
sion of Cl. PARP in the combination CUR and AF assured that the
apoptosis induced by the combination treatment involved inter-
nucleosomal DNA fragmentation related to PARP cleavage. The
band intensity histogram seen in Figure 5 (d) showed significant
increase of Apaf-1, Casp 9, Cl. Casp 3 and Cl. PARP in CUR and AF
combination than individual treatments.

Fluarescent intensity (a.u.)
£
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Figure 3: (a) Fluorescence microscopic result from changed in mitochondrial membrane potential after

staining with Rhodamine 123. Mitochondrial membrane depolarization was observed in all treated cells as

compared to control Saos-2 cells. The Rhodamine123 fluorescence intensity, i.e. mitochondrial membrane

potential decreased were more pronounced in combinational treatment than individual AF or CUR. Scale bar
indicates 100um. 3 (b) Histogram showed Significant (*** = 0.001< p) decreased in fluorescence intensity of
combination AF and CUR than control. 3 (c) Fluorescence microscopic images of intracellular reactive oxygen
species (ROS) generated in Saos-2 cells after 24 h treatment with AE, CUR or their combination using H2ZDCFDA
staining method. Combination AF and CUR treatment significantly had higher levels of ROS than control, indi-
vidual AF or CUR. Scale bar indicates 100um (*** = 0.001< p). 3 (d) Histogram showed the relative intensities
of Saos-2 cell fluorescence from different groups.
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Figure 4: (a) Fluorescence microscopic result from alive and death nucleic acid staining using nuclear-ID red/
green cell viability method. The red fluorescent indicated cells were alive permeable to nucleic acid dye, while
green fluorescent indicated cells were death impermeable to nucleic acid dye. When the image from red and
green dye were merged, cells that were alive had red or dark orange color. Individual AF or CUR treatment
significantly had less cells death than the combination of AF and CUR that showed green or yellow color. Scale
bar indicates 100um. 4 (b) Histogram showed Significant decreased in fluorescence intensity of combination
AF and CUR than control (***=0.001< p).

CUR and AF combination treatment inhibited cell cycle regula-  treated with combination of CUR and AF than individual CUR or

tory proteins AF treatments.

Inhibition of cell cycle progression is also considered as one of an

. . CUR and AF combination treatment inhibited matrix metallo-
important strategy in the management of osteosarcoma. Western

blot analysis data seen in Figure 6 (a) and the band intensity his-
togram Figure 6 (b) showed that the expressions of CDK7, CDK2,

cyclin D1 and cyclin B1 were significantly decreased in Saos-2 cells

proteinase (MMPs)
To determine the potential mechanism of how combination of
CUR and AF causing inhibition of cells migration, the invasion as-

sociated MMP2 and MMP9 proteins expression was analyzed as
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determined by Western blot analysis Figure 6(c). Band intensity
histogram Figure 20 showed the expression of MMP2 and MMP9
were significantly decreased when SaoS-2 cells were treated with
CUR only or combination of CUR and AF. Unchanged MMP9 level
and increased in MMP2 expression in cells treated with AF only sig-
nificantly showed that CUR had synergistic effect with AF on MMP2
and MMP9 expression in Saos-2 cells as seen in Figure 6 (d).

CUR and AF combination treatment inhibited MEK Kinase
pathway

To determine the potential mechanism of how combination of
CUR and AF involved in aberrant cell signaling of mitogen -acti-
vated protein kinase (MAPKs), the active and phosphorylate form
mitogen-activated protein kinases kinase (MEK) were analyzed by
Western blot analysis. Significant decreased in MEK -1, -2, -3 and -4
expressions were identified in combination treatment of CUR and
AF as seen in Figure 7 (a), with band intensity histogram depicted
(Figure 7 b). Addition of CUR to AF potentiated its effect in causing

decreased in MEK -1, -2, -3 and -4 expressions further.
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Figure 5: (a) Western blot analysis data showed modulation expressions of Bax, Bcl2 and cytochrome C

proteins after treatment with individual CUR, AF or their combinations. Bax expression was significantly (**

= 0.001< p) higher in combination treatment than individual CUR or AF treatment., while expression of Bcl2

decreased significantly (*** = 0.01< p) in combination treatment. Cytochrome c expression were higher in

individual CUR or AF treatment with the highest expression was noticed in the combination of AF and CUR. 5

(b) Histogram showed ban intensity from the expression of Bax, Bcl2, and Cytochrome c proteins. 5 (c) Western

blot analysis of different mitochondrial signaling proteins in Saos-2 cells. Activity of Cl. PARP, Apaf-1, Casp 9,

Casp 3, and Cl. Casp 3 were significantly up-regulated in the combination treatment of CUR and AF as com-

pared to the control (*** = 0.001< p). 5 (d) Histogram represents up-regulation of Apaf-1, Cl. PARP, Casp 3 and

Casp 9 in the combination over individual CUR or AF treatment.
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Figure 6: (a) Western blot analysis of proteins involved in cell cycle regulation such as CDK7, CDKZ2, Cyclin D1

and Cyclin B1 after treatment of Saos-2 cells with individual CUR, AF or their combinations. The expressions of

these proteins were down-regulated in all treatment groups. The combination treatment showed more down-

regulation of proteins than individual CUR or AF treatment. 6 (b) Histogram showed the significant decrease

of band intensity in all proteins being expressed (*** = 0.001< p). 6 (c) Western blot analysis of expression
of MMP2 and MMP9 in Saos-2 cells treated with individual CUR, AF or their combinations. (d) Histogram
represents down-regulation of MMP2 and MMP9 in the combination treatment was significantly lower than
individual CUR or AF treatment (*** = 0.001< p).

Discussion

In the present study, we have provided convincing evidence that
CUR in combination with AF enhanced the anti-proliferative and
pro-apoptotic effects in vitro of OS cells by allowing use of lower
dose of AF as an anti-cancer agent. Although the two compounds
have each been extensively studied, to the best of our knowledge
this study is the first to show that combining CUR with AF provided

benefit synergistic effect in Saos-2 cells.

Chemotherapeutic drugs are usually not given as monotherapy to
prevent drug resistant, but mostly administered with other chemo-

therapeutics or non-chemotherapeutic agents to achieve synergistic

effect. Combining plant compounds that have anti-cancer proper-
ties with conventional chemotherapeutic drug at their lower in-
dividual doses can greatly improves the therapeutic outcome of
cancer treatments due to their combined action in increasing the
apoptotic efficacy or in decreasing resistance with the advantage
of causing more tolerable or less side effects to the normal cells
[25]. The aim of the present study is to use the lowest possible
concentration of AF to decrease undesirable toxicity to normal
cells, by combining its effects with high concentration of CUR. In
several studies, it had been shown that CUR at high dose of 10 uM-
100 puM has inhibitory effect on different cancers, without causing
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undesirable side effects to normal cells [2-7]. Clinical trials with
CUR also indicated safety, tolerability, efficacy, and non-toxic effect
when used as an adjuvant in cancer treatment, for up to oral dose
of 8000 mg/day [8].

AF 3uM

s + 2 +
CUR 30uM - = + +
MEK4 [ — =
- .|
MEK2 — [W—— o |
MEK1 | = o
(7a) B-actin \r
W Contro HEAF BHCUR mAF+CUR
60
EEC
(7b) | 2 ®

Figure 7: (a) Western blot analysis of MEK-1, -2, -3, and -4 after
treatment of Saos-2 cells with individual CUR, AF or their combina-
tions. The expressions of these proteins were down-regulated in all

treatment groups. However, in the combination treatment, more

down-regulation of MEK 1 to MEK 4 proteins were observed than
individual CUR or AF treatment. 7 (b) Histogram showed the signifi-
cant decrease of band intensity in all these proteins (*** = 0.001< p).

In this study, the combination of CUR and AF reduced the Saos-2
cells viability to a higher extent than their individual treatments.
Hoechst 33342 staining data suggested that the combination of CUR
and AF increased the nuclear condensation of the apoptotic cells as
compared to the individual AF or CUR treatment. The nuclear-ID
red/green cell staining data reaffirmed that more cells death were

observed in cells treated with combine AF and CUR.

Evidences suggested that cancer cells generate more intracellular
ROS which cause cells to apoptosis more than normal cells [26].
Our present study showed that the combination of CUR and AF
significantly caused increase in the ROS levels indicating the im-
portant role of ROS in Saos-2 cell apoptosis as confirmed by H2D-
CFDA staining assay. Increased ROS level in OS cells is associated
with the modulation of several key signaling proteins involve in cell
cycle regulation and differentiation, tumor suppression, apoptosis,
and damage to DNA [27-28]. ROS plays crucial role in the modula-
tion of pro-apoptotic Bax and anti-apoptotic Bcl2. In this study, up
regulation of Bax and down regulation of Bcl2 provided an insight
that combination of CUR and AF could initiate a favorable signal
transduction mechanism to cause cancer cells to apoptosis. In ad-
dition, activation of Apaf-1 and Cl. Casp 9 formed apoptosome that
further activates downstream executioner Casp 3, the protein that
play a central role in the execution of apoptosis and the cleavage of
PARP during cell death. In this study, we demonstrated apoptotic
cascade initiation through activation of Apaf-1, enhanced expres-
sion of Casp 9, Casp 3 and its cleaved form in the combination of
CUR and AF group.

Studies also showed Bax/Bcl2 modulation is proceeded by the col-
lapse of mitochondrial membrane potential, which has been asso-
ciated with the initiation of caspase cascade leading to cell death
[29]. The present study showed that the combination of CUR and
AF significantly decreases the mitochondrial membrane potential,
indicating a causative role of ROS in mitochondrial dysregulation.
Reduction in mitochondrial membrane potential also leads to the
release of cytochrome c and other apoptosis-inducing factor into

cytosol which further induces apoptosis events [30-31].

Proliferation of several cancers are also largely associated with al-
tered in the regulation of cell cycle; therefore, targeting cell cycle
proteins in cancer chemotherapy provide a promising future [32].
Distinct phases of the cell cycle (GO/G1, S, G2 and M) are regulated
by several cyclin-dependent kinases that bind to a specific regulato-
ry subunit cyclin (CDKs) [32]. Among the cyclins, cyclin D1 together
with cyclin C and - E inhibit G1 phase, while cyclin B1 inhibits G2/M
phase, CDK2 inhibit G1/S phase, and CDK7 inhibit G2 phase, re-
spectively [32-34]. In our study, significant down regulation cyclin
D1, cyclin B1, CDK2 and CDK7 strongly suggest that combination of
CUR and AF effectively inhibited OS at different phases of cell cycle

as compared to control cells
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Another important strategy as cancer chemotherapeutic agents are
aimed to prevent angiogenesis. Matric degrading enzymes such as
matrix metallo proteinase (MMP)-2 and -9 play crucial role in most
cancer metastasis including OS [35-36]. Significant decreased in the
MMP-2 and MMP-9 expression suggested that combination of CUR

and AF effectively inhibited invasion and metastasis of OS cells.

MAPKs are Ser/Thr kinases that convert extracellular stimuli into a
wide range of cellular responses such as proliferation, differentia-
tion, development, transformation, and apoptosis [37-38]. Combi-
nation of CUR and AF caused decreased in MEK -1, -2, -3 and -4
expressions. These proteins have been expressed in more progres-
sive cancer; therefore, chemotherapeutic agent that targeted this

pathway provide promising future [39-41].

The results of our study suggest that CUR synergistically work with
AF in human OS therapy in causing cell death as indicated by the ac-
cumulation of intracellular ROS, by activation of proteins involved
in mitochondrial signaling pathway, by inhibition of migration, by
inhibition of cell cycle progression, and by inhibition of angiogen-
esis. This study may have a useful implication for potential applica-
tion of CUR as a chemo-enhancing neo-adjuvant with AF in human
OS therapy by achieving higher efficacy and potency with minimum

side effects.

Conclusion

Our findings was the first to suggest that CUR, a natural antioxi-
dant, synergistically work with anti-cancer AF to inhibit cell growth
and to cause cell death in human osteosarcoma Saos-2 cells. Com-
bination of low dose anticancer AF and antioxidant CUR worked
synergistically by causing induction of pro-apoptotic proteins such
as apaf-1, casp 9, casp 3 and Bax and by inhibition of proteins that
can cause cancer cells become resistant such as of BCI2, cyclin D1,
CDK2, CDK7 and cyclin B1, and MEK-1 to -4 . This preliminary study
merits further investigation with animal studies and possible clini-
cal trials in humans. Our study was also the first to indicate use of

AF in osteosarcoma treatment.
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