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treatment will increase the pain and cause damage to other
physical functions of the patient, such as hematological
toxicity, acute liver and renal toxicity, neurocognitive def-
icits, and cardiomyopathy,® especially in patients with
metastasis. Therefore, the development of auxiliary anti-
osteosarcoma natural drugs with high efficiency and low
toxicity is necessary.

Cinnamaldehyde (CA) is the main component of the
volatile oil of cinnamon, which is an essential medicinal
and edible plant. It has various pharmacological effects
such as antibacterial, antioxidant, anti-inflammatory, hypo-
glycemic, and anti-tumor.*”’ In recent years, it has been
shown that CA can inhibit the proliferation and induce
apoptosis of cancer cells. It can induce apoptosis and
reverse epithelial-mesenchymal transition through inhibit-
ing Wnt/B-catenin pathway in non-small cell lung cancer.®
CA was reported to inhibit Colon Cancer cell growth
through AP-1 inactivation.” At the same time, CA can
induce cell cycle arrest and apoptosis in human oral squa-
mous cell carcinoma Cells.'® It can also inhibit invasion
capacities of human breast cancer cell line by regulating
the expression of miR-27a."" Therefore, the multi-target
anticancer activity of CA lays the foundation for researc

In osteosarcoma.

cells.

Materials and

Materials
Human osteosarcQaaa

(China). CA of 20WIg was purchased from Chengdu
Herbpurify Co. Ltd (China).MTT reagents were purchased
from Sigma, USA, and crystal violet staining solution was
Ltd.
Transwell was purchased from Corning Corporation, USA.
USA.
Horseradish peroxidase-labeled goat anti-rabbit and goat

purchased from Beijing Solibao Technology Co.,

Matrigel was purchased from BD Biosciences,

anti-mouse IgG (secondary antibody), mouse anti-human f-
actin Cloned antibodies, Hoechst 33258 staining solution,

trypsin cell digestion solution (0.25% trypsin), and BCA
protein concentration kit were purchased from Shanghai
Biyuntian Biotechnology Co., Ltd. Rabbit anti-human Parp,
Cleaved Parp, N-cadherin, Cleave-Caspase-3, MMP-9,
MMP-7, MMP-2, Caspase3, p-Catenin, Bad, PI3K, cycling
D, Phosphorylated AKT (ser473), Phosphorylated AKT
(ser308), GSK3p, Phosphorylated-GSK-3p (ser9) and

C-Myc monoclonal antibodies, and mouse anti-human Bcl-

2, BAX, Vimentin, Snail monoclonal antibodies were pur-
chased from Cell Slgnahng Technology (CST) USA.

e serum, 5 mL penicillin-
jon at 37°C in 5% CO2. CA of 20 mg
56.7 uL dimethyl sulfoxide to a final

¥ density of 5x10%well. After the normal adherent growth
of the cells, OS cells were treated with different concen-
trations of CA. After being treated with CA for 24 hrs, 48
hrs and 72 hrs, cells were stained with crystal violet.
Finally, images were obtained with the scanner. After the
imaging was completed, the crystal violet in the 24-well
plate was fully dissolved with 20% acetic acid solution,
and the OD value of each well was detected at the wave-
length of 590 nm of the multifunctional enzyme labeling
instrument.

MTT Assay

MG63, 143B, HEB, HS5 and LO?2 cells in the logarithmic
growth phase were firstly seeded into 96-well culture
plates at 5x10° cells/well and then incubated after treat-
ment with different concentrations of CA for 24 hrs and 48
hrs. MTT 10 pL/well was added and cultured in an incu-
bator for 4 hrs.
a wavelength of 492 nm was measured with a plate reader

The absorbance of each well at

to reflect the cell proliferation activity.
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Colony-Formation Assay

MG63 and 143B cells were seeded in a 6-well plate at
a density of 800 cells/well, and cultured in an incubator
until the cells completely adhered, and then cultured
with low-concentration CA. After 7 days, stained with
crystal violet for 10 min. Colonies containing >50 cells
by microscopic observation were effective cell colonies,
and the number of colonies was counted by Image
J software.

Wound Healing Assays

MG63 and 143B cells were inoculated into a 6-well plate
and incubated for 24 hrs. After the cells had adhered to the
wall, a 200 pL pipette tip was used to scratch the cell
culture plate vertically along the 6-well plate’s diameter.
Then, the medium was discarded and new medium con-
taining different concentrations of CA added. The scratch
area of each group was recorded at different time points
(12 hrs, 24 hrs), and the area change of the scratch area
was calculated by Image J software.

Cell Migration and Invasion Assays

the upper cavity to deter-
and the experiments

cells were inoculated on 24 well plates
at the density x10 * cells per hole and cultured until
the cells were adherent to the wall. The cells were treated
with different concentrations of CA for 24 hrs. Then, the
culture medium was sucked out, and 300 pL Hoechst
33258 dye solution was added to each hole, and shielded
from light for 10 min. The size and shape of the nucleus
were observed under a fluorescence microscope, and the
number of apoptotic cells in each field was counted and

analyzed.

Cell Apoptosis Assay

MG63 and 143B cells were inoculated into 6-well plates
and treated with different concentrations of CA for 24 hrs.
The cells were then collected, washed and resuspended
with PBS for 3 times, and finally 500ul of PBS was
added to resuspend the cells. The apoptosis rate was
detected by flow cytometry according to the process pro-
vided by Annexin V-FITC/PI double labeling staining kit.

Western Blot Assay

143B cells and MG63 cells wg d with different

¥ g were purchased from Beijing HFK BIOSCIENCE
Co., Ltd. All animal experiments were approved by IACUC

of Animal Protection and Utilization Organization
Committee of Chongqing Medical University. And we have
obtained the approval number of ecthics committee
(N0.2020-504). After one week of adaptive breeding of
mice, 60 ul of 143B suspension (2x107 cells/mL) was
injected into the mice’s proximal tibia. Then, the rats were
treated with different doses of CA (50, 75, 100 mg/kg) or
sodium carboxymethyl cellulose (CMC) by gavage every
two days. The tumor length and width were measured
every 2 days after the 1st week, and the animals were killed
21 days after injection. The formula for calculating the tumor
volume was 0.5xLxW? (L is the length of the tumor, and
W is the width of the tumor)."

Hematoxylin and Eosin Staining and

Immunohistochemistry

The tumor tissues were separated, fixed with 4% parafor-
maldehyde, and embedded in paraffin. Then, the paraffin-
embedded specimens were cut into serial sections (4 mm
thick) by a microtome. Tumor sections were deparaffinized
and stained with hematoxylin and eosin (H&E) for
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histological analysis. Tumor sections were immunohisto-
chemically stained with PCNA (1:100), BCL-2 (1:100),
Vimentin (1:100), Phosphorylated Akt (ser473)(1:100)
and B-Catenin (1:100) antibodies. The image was taken
under a light microscope with a magnification of x200
and x400.

Statistical Analysis

Data are presented as the means + standard deviation (SD).
Statistical analysis was performed by SPSS 19.0 software.
All experiments were repeated 3 times. One-way analysis
of variance was used for differences between multiple
groups, and Tukey’s test was used for comparison between
groups. P<0.05 was considered statistically significant.

Results
CA Suppressed OS Cells Proliferation

We thought to determine the effect of CA on the prolifera-
tion of OS cells. We found by crystal violet staining that
CA inhibited the proliferation of OS cells approximately in
a dose-and time-dependent (Figure 1A-F, P<0.05). We
further confirmed the inhibitory effect of CA on the pro-
liferation of OS cell lines (143B, MG63) using MTT as
and colony-formation assay (Figure 1G-L, P<0.05). Aft
48h treatment, the half inhibitory concentration

CA Promoted OS Cells Apoptosis

Apoptosis is closely related to tumorigenesis, so we stu-
died the effect of CA on the apoptosis of OS cells. After
staining with Hoechst 33258, the morphological changes

of cells were observed by the fluorescence microscope.
The results indicated that after the CA treatment of OS
cell lines, nuclear condensation, fragmentation and chro-
matin shrinkage increased (Figure 2A and B, P <0.05).

We used AnnexinV-FITC to confirm whether CA-induced
apoptosis in OS cell lines. The results showed that CA
could increase the early and late apoptosis rate of cells
compared to the control group (Figure 2C-F, P <0.05). In
order to explore the molecular mechanism of CA-induced
apoptosis in human OS cells, we used Western blot to
detect apoptosis-related proteins after treatment with CA.
The results indicated that the protein expression of Bcl-2
and PARP was down-regulated compared with the control
group, while the protein expressions of Bad, cleaved
caspase-3, cleaved parp and Bax weragss
gulated (Figure 2G—J, P <0.05),
induce OS cell apoptosis.

gificantly upre-
CA may

ibited OS Cells Migration and

nvasion

steosarcoma is prone to distant metastases. Next, we
explored the effect of CA on the migration and invasion
of OS cells. We investigated the migration and invasion
ability of CA in OS cells by wound healing assay and
transwell assay. As shown, transwell migration assay
proved that CA suppressed the migration of OS cells
compared with control group (Figure 4A-D, P <0.05),
and wound healing assay showed similar results (Figure
4I-L, P<0.05). Matrigel transwell assay proved that CA
suppressed the invasive potential of OS cells compared
with control group (Figure 4E-H, P<0.05). It is well
accepted that epithelial-mesenchymal transition (EMT) is
essential to tumor invasiveness and migration. Therefore,
the expression of EMT-related proteins N-Cadherin, Snail
and Vimentin were reduced by the Western blotting
(Figure 4M-P, P<0.05). Matrix metalloproteinase (MMP)
is an important proteolytic enzyme, which plays a key role
in the process of tumor metastasis. CA significantly
decreased the expression of MMP-2, MMP-7, and MMP-
9. In short, The migration and invasion of OS cells may be
inhibited by CA treatment.
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Figure | The effect of CA on the proliferation of human OS cells were detected by crystal violet staining (A—F), MTT assay (G—-H) and colony-formation assay (I-L).
Western blot analysis showed CA down-regulated PCNA (M-P). OS cells were treated with DMSO (as the control group) and 0—140 uM CA for 24 hrs, 48 hrs and 72 hrs,
respectively. CA significantly inhibited the proliferation ability of OS cells (**P<0.01, vs the control group, n=3).
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Figure 2 Effect of CA on the apoptosis of human OS cells was detected by Hoechst 33258 staining assay (A and B, x100), flow cytometry (C—F). Then the expression
levels of apoptosis-related proteins Bad, Bax, Bcl-2, Parp, cleaved Parp and cleaved Caspase 3 (c-Caspase 3) were detected by Western blotting (G-J). OS cells were treated
with DMSO (as the control group) and 0—-140uM CA, respectively. CA significantly promoted the apoptosis of OS cells (*P<0.05, **P<0.01, vs the control group, n=3).
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&, it will lead to abnormal signal
ich may induce cancer.'> We performed
mnalysis on the components and down-
stream targets of the Wnt/B-catenin signaling pathway. The
results showed that the expression of B-catenin, a core
member of the Wnt signaling pathway, was reduced, and
other related molecules, p-GSK-3f (ser9), cycling D and
C-Myc, were also significantly reduced. At the same time,
excessive activation of the PI3K/Akt signaling pathway
could promote various cancers. Western blotting analysis
showed that PI3K/Akt signaling pathway-related proteins

p-GSK-3B (ser9), PI3K, p-Akt (ser473) and p-Akt (thr308)
expression were reduced (Figure SA-D, P<0.05). These
data indicated that CA might inhibit the growth of OS cells
by inhibiting Wnt/B-catenin and PI3K/Akt signaling
pathway.

CA Inhibits Tumor Development in vivo

To further study the effect of CA on tumor growth, we
established a tumor model with 143B cells. The results
showed that the tumor growth was inhibited with the
increase of CA dosage (Figure 6A and B, P<0.05).
However, the weight of the mice did not decrease signifi-
cantly (Figure 6C, P<0.05). The HE staining results of the
tumor showed that the nuclear heterogeneity of the control
group was apparent, and the high concentration of nuclei
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Figure 4 The effects of CA on the migration abilities of human OS cells were detected by transwell assay (A-D, crystal violet staining, X100) and wound healing test (I-L,
% 100), respectively. The effects of CA on the invasive abilities of human OS cells were detected by transwell assay (E-H, crystal violet staining, x100). Then the expression
levels of migration- and invasion-related proteins MMP-2, MMP-7, MMP-9, N-Cadherin, Snail and Vimentin were detected by Western blotting (M-P). OS cells were treated
with DMSO (as the control group) and 0—140uM CA for 12 hrs and 24 hrs, respectively. CA significantly inhibited the migration and invasion of OS cells (**P<0.01, vs the
control group, n=3).
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s a highly malignant bone tumor prone to
Over the past 30 years, patients with osteo-
sarcoma have b®n treated with surgical resection of the
affected limb. With the advent of neoadjuvant chemotherapy
based on methotrexate and cisplatin, osteosarcoma’s 5-year
survival rate has gradually increased.'* Chemotherapy drugs
can bring light to the patient while also damaging the body
with side effects. Chinese medicine is a treasure trove, and
the prevention and treatment of tumors with Chinese medi-
cine has a history of thousands of years. In particular,
exploration and research on the prevention and treatment of

B-catenin

B-catenin

EZE control B 60uMEZA 90M
&3 opM @D 70uM

Y

Ay

C-myc p-GSK3B(ser9) 08) p-Akt(ser 473)

1401

H A |

oy AF Skap(serdCycling D

p-Akt(thr 308)p-Akt(ser 473)

ins B-catenin, p-GSK-3f (ser9), C-Myc, Cycling D, PI3K, p-Akt (ser473) and

osteosarcoma with traditional Chinese medicine have been
carried out in recent years.'>'>!'¢ CA, the main active ingre-
dient of cinnamon, has been shown to inhibit a variety of
tumors, but its underlying mechanism is not fully understood.
In this study, we first demonstrated that CA may inhibit the
proliferation, promote apoptosis, and inhibit migration and
invasion of OS cells through the Wnt/B-catenin and PI3K/
AKT signaling pathways.

The uncontrolled proliferation of tumor cells is an essen-
tial factor that causes poor prognosis for patients. We con-
firmed that CA has a significant inhibitory effect on the
proliferation of OS cells in a dose-dependent manner through
crystal violet experiments, MTT experiments, and clone for-
mation experiments. Western blot assay results showed that
CA effectively reduced PCNA expression, which plays
a vital role in the initiation of cell proliferation.'” The basis
of uncontrolled cell proliferation is the disorder of cell cycle
regulation. Through flow cytometry analysis, we found that
the blockade of OS cells by CA mainly occurred in the G2/M
and GO/G1 phase, and the expression of Cyclin D1 and
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e one hand, CA has a strong
inhibitory effect QRS cells, and its ICs is estimated to be
56.68 uM in MG63, d 67.95uM in 143B, respectively. On
the other hand, the toxicity of CA to HEB, HS5 and LO2
cells is relatively low, with ICsq of 295.9uM, 302.9uM,
1573uM, respectively. In vivo experiments showed no sig-
nificant changes in body weight after ALT treatment. These
results suggest that CA may be a relatively safe drug for the
treatment of OS.

One crucial step in the development of anticancer
drugs is the induction of apoptosis in tumor cells.'® In

— T T T T T T T T T
1d 3d 5d 7d 9d 11d 13d 15d 17d 19d

50 mg/kg

this study, flow cytometric analysis confirmed that CA
had a significant increase in the apoptosis rate of OS
cells, and Hoechst staining showed that CA induced
a change in the nuclear morphology of OS cells to apop-
tosis. There are two main apoptotic pathways, including
the intrinsic/mitochondrial pathway and the death receptor
(DR)/extrinsic pathway.>° Poly (ADP-ribose) polymerases
(PARPs) and nuclear caspase families are necessary for
apoptosis induced by these two pathways.?'>* Through
the Western blot assay, we found that the protein level of
PARP decreased in a dose-dependent manner, while the
protein levels of Cleave-PARP and Cleave-Caspase-3
increased. The Bcl-2 family is an essential regulator of
apoptotic processes, including BAX, Bad, Bcl-2, etc. Bax
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can form pores on the cytoplasmic mitochondria’s outer
membrane and activate caspase-3 and PARP, leading to the
release of cytochrome C into the cytoplasm, and thereby
promoting apoptosis.”* Bcl-2 can interact with tBid or Bad
on the membrane and change from tail anchoring to multi-
ple transmembrane conformations to effectively inhibit
pro-apoptotic proteins.”> Western blot assay results further
confirmed the role of Bcl-2 in inhibiting apoptosis and bax
in promoting apoptosis. The results of the above experi-
ments proved that CA could affect OS cells through the
apoptotic pathway.

Metastasis is the leading cause of death in patients with
malignant tumors. Approximately 90% of patients with
malignant tumors die from tumor metastases.”® The results
of our wound healing assays and transwell assays confirmed
that CA could inhibit the migration and invasion of OS cells.
Epithelial-mesenchymal transition (EMT) is an essential
process in normal embryonic development and a common
initiation factor for tumor invasion and metastasis.>”** EMT
is a key component that inhibits cell-to-cell connectivity,
including Vimentin, N-Cadherin, regulated by the transcrip-
tion factor Snail. At the same time, matrix metalloproteinases
(MMPs) have an auxiliary effect on EMT.?>*° The central

migration and@ayasion of OS cells, which may be related to
blocking EMT p¥cess. This hypothesis was confirmed by
Western blot assay.

Numerous studies have shown that the abnormal
activation of the Wnt signal and the high expression of f3-
catenin are related to the abnormal histological morphol-
ogy of osteosarcoma and the abnormal proliferation and
differentiation of cells, eventually leading to the occur-
rence of osteosarcoma.’*> When pB-catenin accumulates

to a specific concentration in the cytoplasm, it begins to

turn to the nucleus and binds to the nuclear transcription
factor TCF/LEF, which leads to the exposure of the pro-
moter factor of the downstream target gene and the activa-
tion and expression of the promoter factor, causing the
abnormal proliferation and apoptosis resistance of the
cells, and promoting the formation of the tumor.*®
GSK3p in the cytoplasm acts as a switch molecule in the
B-catenin degradation complex. It reduces the stability of
inhibits Wnt
Phosphorylation of B-catenin and ubiquitin ligase B-TrCP-

B-catenin and signaling pathway by

mediated ubiquitin-proteasome yy.>7 Our results

ression of various anti-apoptotic protein
ibit
thways.’’ Akt is an important downstream

apoptosis through various signal-
in the PI3K signaling pathway. After Akt is acti-
, it can regulate its activity by phosphorylating
a variety of intracellular substrate proteins. GSK3p is
a branch downstream of Akt, and the activity of Akt
enhances phosphorylation of GSK3p, leading to the
depression of its activity.*” We speculate that CA may
inhibit the accumulation of pB-catenin and p-Akt by enhan-
cing the activation of GSK3p, thereby inhibiting the
growth of OS. In this study, it was confirmed by Western
blot that in addition to down-regulating the phosphoryla-
tion level of GSK3p (Ser9), CA can also down-regulate
the expression level of p-Akt protein, inhibit the PI3K/Akt
signaling pathway in osteosarcoma cells and activate the
pro-apoptotic effect of GSK3pB, which activates the pro-
apoptotic effect of Gsk3p, thereby inhibiting the growth of
OS. All in all, CA may inhibit OS through typical Wnt/fB-
catenin and PI3K/Akt signaling pathways.

Finally, we further verified the role of CA in vivo by
using xenograft models. The results showed that compared
with the control group, tumor growth was effectively
reduced in all treatment groups of 143B OS xenografts.
In addition, CA had no significant effect on the weight of
mice. These results indicate that CA may be a relatively
effective and secure solution to OS.
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Conclusion

Our results indicate that CA can inhibit the growth of OS
in vivo and in vitro, and this effect may be related to
blocking the Wnt/B-catenin and PI3K/AKT signaling path-
ways. These experimental results show that CA is provid-

ing a new target drug for the treatment of OS.
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