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Tectorigenin inhibits osteosarcoma cell migration through
downregulation of matrix metalloproteinases in vitro
Yu Guo?, Ya-Hong Chen®, Zhi-Hua Cheng?, Huo-Niu Ou-Yang?, Cong Luo? and

Zhi-Lin Guo?

Tectorigenin (Tec) is an effective component of the
traditional Chinese medicine Belamcanda chinensis, which
has been reported to exert beneficial effects in various
types of cancer. However, the activity and mechanism of Tec
in osteosarcoma (OS) have not been investigated to date.
The aim of the present study was to examine the inhibitory
effect of Tec on OS and its underlying mechanism of action.
OS cells (Saos2 and U20S) were treated with various
concentrations of Tec for 24, 48, and 72 h. Cell proliferation
was evaluated using an CCK-8 assay. Cell migration and
invasion ability were measured using the Transwell assay.
The expressions of MMP1, MMP2, MMP9, and cleaved
caspase3 were measured using real-time PCR and/or
western blot analysis. We found that Tec inhibited the
proliferation of OS cells (Saos2 and U20S) in a dose-
dependent and time-dependent manner. In addition, Tec
significantly inhibited migration and invasion in OS cells

Introduction

Osteosarcoma (OS) is one of most common primary bone
cancers that shows cancerous osteoblastic differentiation
and malignant osteoid in patients, and its peak incidence
occurs during adolescence [1,2]. Currently, chemother-
apeutic regimens for human OS treatment involve the
combination of multiple chemotherapeutic agents,
including high-dose methotrexate with leucovorin res-
cue, doxorubicin, cisplatin, and ifosfamide, either with or
without etoposide [3-7]. Although these regimens have
remained the mainstay of OS chemotherapy for decades,
none have led to any major improvement in survival
compared with the original combination. Furthermore,
these regimens have only been shown to be efficient in
the treatment of localized OS, whereas they were shown
to perform poorly in the treatment of metastatic and
recurrent OS [8-10].

The development of OS is a complex, multistep, and
multifactorial process in which numerous factors are
released by the tumor microenvironment and neighbor-
ing cells of the innate immune system. These cytokines,
including some proinflammatory cytokine genes,
including interleukin-6, interleukin-8, and transforming
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(P < 0.05). Tec upregulated the expression of cleaved
caspase3, while downregulating the expression of MMP1,
MMP2, and MMP9. Taken together, the present study
provided fundamental evidence for the application of Tec in
chemotherapy against OS. Anti-Cancer Drugs 27:540-546
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growth factor-p, affect tumor cell proliferation, apoptosis,
and tumor invasion [11-13].

Since the novel antitumor drugs are currently under
investigation, bioactive natural products have emerged
and gained considerable research attention. Tectorigenin
(Tec), an effective component of the traditional Chinese
medicine derived from Belamcanda chinensis, has been
reported to exert a beneficial effect in various types of
cancer [14], including lung carcinoma [15], testicular
germ cell tumors [16], ovarian cancer [17], prostate cancer
[18], and so on. In addition, Tec was found to inhibit
interferon-y/lipopolysaccharide-induced  inflammatory
responses in murine macrophage RAW 264.7 cells [19].
However, the effects and underlying mechanism of
action of Tec in OS have not been elucidated to date.

The aim of our study was to assess the antitumor effects
of Tec against OS and to investigate its underlying bio-
logical mechanisms. Furthermore, we used an in-vitro
approach shown in Fig. 1 to elucidate the mechanisms
underlying these effects.

Materials and methods

Cell culture

Human SaosZ and U20S OS cells were purchased
from the Chinese Academy of Sciences (Shanghai,

China). All cells were grown in Dulbecco’s modified
Eagle medium (DMEM; Hyclone, Tauranga, New
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Fig. 1
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Table 1 Sequences of primers used in real-time PCR
Gene Primer sequences (5'-3’) Product size/bp
MMP1  Forward AGCAAGAGGCTGGGAAGCCATCA 89
Reverse ~ GCAGCAGCAGCAGTGGAGGAAA
MMP2  Forward ACTTAGACCGCTTGGCTTCA 211
Reverse AACAGGTTGCAGCTCTCCTT
MMP9 Forward TCTATGGTCCTCGCCCTGAA 219
Reverse CATCGTCCACCGGACTCAAA
B-Actin  Forward CCAACCGCGAGAAGATGA 97
Reverse CCAGAGGCGTACAGGGATAG
Fig. 2
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The structure of tectorigenin.

Zealand) supplemented with 10% fetal bovine serum
(Hyclone), 100 U/ml penicillin, and 100 pg/ml strepto-
mycin (Hyclone) in a 5% CO, humidified atmosphere at
37°C. All cells were used within 20 passages.

Cell viability assay

Tec cytotoxicity was assessed using a cell counting kit-8
(CCK-8; Dojindo, Kumamoto, Japan) assay, which mea-
sured the metabolic activity of viable cells. The cells
were dislodged and suspended in medium, and 8000

cells were seeded into each well of a 96-well plate and
treated with 0, 100, 200, and 400 pmol/l Tec for 72 h after
adherence. Following treatment with Tec for 24, 48, and
72h, culture medium was removed and cells were
washed with PBS before the addition of 100 pl DMEM
and 10 pl CCK-8 solution to each well and incubation at
37°C for 2.5h. The optical density at 450 nm was
determined daily for the subsequent 3 days using a
microplate reader (BioTek Instruments Inc., Winooski,
Vermont, USA). All the measurements were repeated in
triplicate. The cell viability to control was calculated
using the following equation:

Cell viability to control (% ) =

ODdrug—trcatcd group /ODcontrol group -

Migration and invasion assays

Approximately 1x 10° cells were seeded onto a Matrigel-
coated polycarbonate membrane insert (6.5 mm dia-
meter, 8.0 pm pores) in a Transwell apparatus (Costar,
Cambridge, Massachusetts, USA) and maintained in
DMEM containing 0.2% BSA and 0, 100, 200, or 400
pmol/l concentration of Tec. DMEM containing 10%
fetal bovine serum was added to the lower chamber. After
incubation for 12 h at 37°C in a 5% CO, atmosphere, the
insert was washed with PBS and cells on the top surface
of the insert were removed by wiping with a cotton swab.
The invasion assay procedure was similar to that of the
cell migration assay, except that the Transwell mem-
brane was coated with 1:3 diluted Matrigel (BD
Biosciences, San Jose, California, USA), and cells were
incubated for 32 h at 37°C.

Cells that migrated to the bottom surface of the insert
were fixed with 4% paraformaldehyde, stained with 0.1%
crystal violet, and subjected to a microscopic examina-
tion. Cell counts were based on counts of five fields from
digital images taken randomly at X 200 magnification.

Real-time PCR

The OS cells (Saos2 and U20S) were dislodged and
suspended in medium, and 1 x 10° cells were seeded into
each well of a six-well plate and treated with 0, 100, 200,
and 400 pmol/l Tec for 72 h after adherence. Total RNA
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Proliferation of OS cells. (a, b). CCK-8 assay showed that tectorigenin could inhibit the proliferation of Saos2 and U20S OS cells in a dose-
dependent and time-dependent manner. Data are presented as the mean+ SD.***P < 0.001,**P < 0.01,*P < 0.05. All data were obtained from at least

three independent experiments. OS, osteosarcoma

was isolated using the AxyPrep Multisource Total RNA
Miniprepkit (Axygen, Union City, California, USA).
Equivalent amounts of RNA were converted into cDNA
using the PrimeScript RT reagent kit (Takara, Shiga,
Japan). Real-time PCR was performed using an ABI 7500
Sequencing Detection System and SYBR Premix Ex Taq
(Takara). All procedures were performed according to the
manufacturer’s protocols. Cycling conditions were 40
cycles of 95°C for 5 s and 60°C for 34 s. Primer sequences
are listed in Table 1.

Western blot analysis

Saos2 OS cells were treated with 0, 100, 200, and 400
pmol/l Tec for 72h after adherence and cells were
washed with PBS and lysed in lysis buffer containing a
protease inhibitor cocktail (Roche, Grenzach, Germany).
Protein concentration was quantified using the BCA
protein assay kit (Santa Cruz Biotechnology Inc., Dallas,
Texas, USA). For western blot analysis, equal amounts of
total protein were boiled and then separated by SDS-
PAGE. Following electrophoresis, proteins were blotted
onto PVDF membranes and blocked for 1h at room
temperature. Each membrane was incubated with
appropriate primary antibodies at 4°C overnight. The
blots were incubated with horseradish peroxidase-
conjugated secondary antibody for 1 h at room tempera-
ture. Protein bands were detected on radiograph films
using an enhanced chemiluminescence detection system.
Positive immunoreactive bands were densitometrically
quantified and normalized to B-actin.

Statistical analysis

The Statistical Package for the Social Sciences, version
19.0 (IBM, Armonk, New York, USA) was used to ana-
lyze the data. The significance of differences between
experimental groups and controls were assessed using

Student’s #test or one-way analysis of variance as
appropriate. The data are expressed as the mean+ SD.
A P value less than 0.05 was considered to indicate a
statistically significant difference.

Results

Proliferation of OS cells

The structure of Tec is shown in Fig. 2. To investigate
the effects of Tec, a cell proliferation assay using CCK-8
was performed on OS cells. Proliferation of Saos2 and
U20S cells was inhibited after treatment with 200 pmol/l
Tec over 24 h, and then the inhibition of Tec on the
proliferation of Saos2 and U20S OS cells occurred in a
dose-dependent and time-dependent manner (Fig. 3a
and b). In short, Tec could inhibit the proliferation of OS
in a dose-dependent and time-dependent manner.

Tec impairs the migration and invasion of OS cells
Transwell assay was used to detect the migration and
invasion ability of OS after treatment of different con-
centrations of Tec. Our results showed that the migration
and invasion ability of SaosZ and UZOS cells was inhib-
ited by Tec in a dose-dependent manner (Fig. 4a—c).
These results indicate that Tec concentration is asso-
ciated negatively with the migration and invasion of OS
cells in vitro.

Downstream gene expressions

To investigate the depth molecular mechanisms of the
inhibition effect of Tec in OS, real-time PCR was used to
examine the variation of gene expression. We found that
gene expression levels of MMP1, MMP2, and MMP9
were reduced in Tec-treated Saos2 and U20S OS cells in
a dose-dependent manner (Fig. 5a and b). These results
indicate that MMP1, MMP2, and MMP9 are potential
downstream targets of Tec in OS.
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Tec impairs the migration and invasion of OS cells. (a). Transwell assays were used to determine the migration and invasion of Saos2 and U20S cells.
(b). Numbers of migrating and invading cells. Data are presented as the mean+ SD.***P < 0.001,**P < 0.01. All data were obtained from at least three

independent experiments. OS, osteosarcoma; Tec, tectorigenin.

MMP1, MMP2, MMP9, and cleaved caspase3 are
potential downstream targets of Tec

We used western blotting to analyze protein expression
levels of MMP1, MMP2, MMP9, and cleaved caspase3 in
Saos2 OS cells following different concentrations of Tec
treatment. Our results showed that Tec increased levels
of cleaved caspase3 in a dose-dependent manner (Fig. 6a
and b). MMP1, MMP2, and MMP9 were inhibited as the
concentration of Tec increased (Fig. 6a and c¢). Taken
together, these data suggest that MMP1, MMP2, MMP9,

and cleaved caspase3 are potential downstream targets of
Tec-induced proliferation, migration, and invasion inhi-
bition of OS cells.

Discussion

OS is a heterogeneous group of malignancies character-
ized by varying degrees of mesenchymal differentiation.
Successful clinical cure of OS faces two major challenges.
First, the toxic and adverse effects associated with che-
motherapy may significantly reduce patient quality of
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Fig. 5
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Apoptosis-related and migration-related gene expression in Saos2 and U20S cells. (a, b). Real-time PCR was used to detect the expression of
MMP1, MMP2, and MMP9 in Tec-treated Saos2 and U20S cells. Data are presented as the mean+SD.***P < 0.001,**P < 0.01. All data were
obtained from at least three independent experiments. Tec, tectorigenin.
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Western blotting of MMP1, MMP2, MMP9, and cleaved caspase3 levels following Tec-induced apoptosis in Saos2 and U20S cells. (a) Expressions
of MMP1, MMP2, MMP9, and cleaved caspase3 in Saos2 and U20S cells following Tec treatment. (b, c) Levels of MMP1, MMP2, MMP9, and
cleaved caspase3 in Saos2 and U20S cells. Results are expressed as the ratio of MMP1 to p-actin, MMP2 to p-actin, MMP9 to B-actin, and cleaved
caspase3 to p-actin. Data are presented as the mean+ SD.***P < 0.001,**P< 0.01,*P < 0.05. All data were obtained from at least three independent
experiments. Tec, tectorigenin.




life, although preoperative and postoperative che-
motherapy regimens have improved the 5-year survival
rate [20,21]. Second, OS has a high rate of recurrence and
metastasis, which causes the majority of OS-related
mortalities [22]. Thus, there is an urgent need to iden-
tify less toxic and more efficacious treatment alternatives.
As a result, increasing attention has been focused on the
application of natural products in the treatment of OS.

Tec (molecular weight, 300.26), one of the bioactive
components purified from the Chinese herb B. dhinensis,
has been investigated in the treatment of some tumors
and a number of additional pharmacological effects of
Tec have been identified [14]. Tec has been found to
inhibit the inflammation of lipopolysaccharide-induced
acute lung injury in mice [23]. The antibacterial assay of
Tec with detergents or ATPase inhibitors against
methicillin-resistant staphylococcus aureus was also use-
ful [24]. Tec inhibits tumor growth in hepatocellular
malignancies. It mediates this role by augmenting intra-
tumoral apoptosis, while at the same time, it reduces
intratumoral proliferation [25]. Therefore, Tec may
represent a potentially effective option for the treatment
of inflammation and tumors. However, the function and
underlying mechanisms of Tec in OS have not been
elucidated currently.

The aim of our research was to investigate whether Tec
had antitumor activity against human OS. Our data
showed that Tec suppressed the proliferation of OS cell
lines in a dose-dependent and time-dependent manner.
These inhibitory effects of Tec were correlated with
upregulation of cleaved caspase3. Caspase3 plays an
irreplaceable role in cell apoptosis. Caspase3 can be
activated by a variety of factors, and it is the main
terminal shear enzyme in the process of cell apoptosis
[26,27]. Taken together, these results indicated that Tec
possesses effective antitumor activities against OS
through activation of caspase apoptosis axis.

Furthermore, we examined the inhibition of migration
and invasion ability of OS induced by Tec. As metastasis
is one of the challenges in OS treatment, our study shows
the potential role of Tec in the treatment of OS metas-
tasis. In addition, the underlying mechanism research
indicated that the MMP1, MMP2, and MMP9 were
suppressed under the stimulus of Tec. As MMPI1,
MMP2, and MMP9 are very important in the metastasis
of OS [28-30], MMP1, MMP2, and MMP9 may be the
targets of Tec. Altogether, Tec could impair the migra-
tion and invasion ability through suppression of MMP1,
MMP2, and MMP?9.

T'o our knowledge, we are the first to report a role for Tec
in restricting proliferation and limiting the migration and
invasion capacities of OS cells. We show that Tec may
directly or indirectly affect the activation of MMPs and
caspase apoptosis signaling, all of which are key reg-
ulators of metastasis and apoptosis during OS treatment.
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However, additional in-depth investigations should fol-
low this preliminary study. First, the intermediate
molecular mechanisms controlling the Tec-mediated
changes to MMPs expression and activity of caspase
apoptosis signaling pathway should be better clarified.
Second, animal experiments should be established to
verify the treatment effect of Tec i vive. Finally, our
findings should be validated by patient treatment.

Conclusion

The present study showed that Tec exerted more
effective antitumor activities against OS i vitro.
Furthermore, Tec impaired the migration and invasion
ability and downregulated the protein expression of
MMP1, MMP2, and MMP9, while upregulating the
protein expression of cleaved caspase3. This may be the
mechanism by which Tec exerts it effects in OS.
However, further and more comprehensive studies are
required to confirm this. These data strongly suggest for
the first time that T'ec may have a significant potential for
application in the treatment of OS.
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