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oma. In terms of mechanism, DHI may inhibit both the transcriptional
d the total protein level of B-catenin.
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Introduction

Osteosarcoma (OS) is one of the most common malignant tumors of the bone; OS
develops from the interstitial cell line. The rapid growth of the tumor, which can
easily metastasize to the lung and pleura, is due to the formation of osteoid tissue
and bone tissue directly or indirectly through the cartilage stage. The main clinical
treatments for osteosarcoma patients are extensive resection of primary tumors and
chemotherapy.'? At present, drugs such as doxorubicin, cisplatin, high-dose meth-
otrexate, and isocyclophosphamide are used in the treatment of osteosarcoma,
which not only make many patients with osteosarcoma intolerant of drug
toxicity' but also cause hemolysis,” damage of liver and kidney function, and
even endanger patients’ lives. Therefore, it is necessary to explore safer and more
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effective drugs for malignant osteosarcoma cells. Several
studies have evidenced that Chinese medicine has a good
preventive or therapeutic effect on various malignant
Dihydrotanshinone 1 (DHI) is a traditional
Chinese medicine extracted from Salvia miltiorrhiza of

tumors.

Radix Salviae Miltiorrhizae. Since Lee D.S et al’ reported
in 1999 that DHI inhibited K562 leukemic cells. A large
number of studies have confirmed that DHI has profound
effects against human tumors, including breast cancer,’
colon cancer,” gastric cancer,® glioma,” and hemangioma.
Yihong Cai et al'® compared the 14 main compounds
extracted from Tanshen (the Chinese name of Salvia mil-
tiorrhiza) and found that DHI is the most effective regu-
lator for inhibiting hemangioma. In terms of potential
mechanisms, DHI has effects on JNK and Fasl signaling
pathways, endoplasmic reticulum stress, and activation of
ATF3, through which tumor cells are inhibited. Despite
these meaningful findings, the exact molecular mechan-
isms by which DHI exerts its anticancer effects remain to
be fully investigated.

In this present study, we investigated the antitumor
effect of DHI on human OS cells, as well as the possible
molecular mechanism involved. Our results intensively
indicated that DHI may inhibit the growth of osteosarcof@
cells in vitro and in vivo. Moreover, the inhibitory effect d
DHI on OS cells may be mediated by suppressi
B-Catenin.

Materials and method

Cell culture and drug
OS cell lines 143B, U208, S

(FBS, Excell b 2
100 U/mL @
purchased {18 ot Bpurify Co. Ltd (China) and

was dissolved 11 @methyl sulfoxide (DMSO).

were obtained

Crystal violet assay

OS cells were seeded in 24-well plates and treated with
different concentrations of DHI (2, 4, or 6 uM) or DMSO,
as a control, for 24, 48, or 72 hrs. Cells were stained with
crystal violet to visualize the cell viability. For quantifica-
tion, 24-well plates were stained with crystal violet, and
200 pL of 10% acetic acid was added to each well. The
plates with cells were placed in multifunctional enzyme

labeling instrument to detect the absorbance at 595 nm.''

Cell viability was calculated using the following formula:
cell viability (%)=experimental group absorbance value/0
UM group absorbance valuex100%. All assays were per-
formed in triplicate.

MTT assay
OS cells were seeded into 96-well plates at a density of 5,000
cells/well and incubated for 12 hrs for adherence. To deter-
mine the individual effects of DHI on OS cells, cells were
incubated with various concentrations Q

ells were plated into 6-well plates (1x10?
e) and incubated in DMEM or DHI supplemented
o FBS at 37°C. After 1 week, cells were washed
ith PBS, fixed in 4% paraformaldehyde for 30 mins,
ained with crystal violet, and the number of colonies
was counted. All assays were performed in triplicate.

Wound healing assays

We seeded 143B cells into 6-well plates. The confluent
monolayer was scratched by the tip of a 10 pL pipette in
order to create a cell-free region, and then the cells were
cultured in 2% FBS medium with DHI (2, 4, or 6 uM) or
DMSO, as a control. At the indicated time points, three
different fields of each wound were randomly photo-
graphed using a light microscope.

Cell migration and invasion assays

Cell migration and invasion were detected by Transwell
experiments. For cell invasion assay, the upper chamber of
the Transwell (Corning, NY, USA) was coated with
Matrigel (BD Biosciences) at 37°C in a 5% CO, incubator
for 30 mins. OS cells were trypsinized, cultured in serum-
free DMEM medium with DHI (2, 4, or 6 uM) or DMSO,
as a control, and placed in the upper chamber (4x10* cells/
well). Then, 10% FBS was added to the lower chamber.
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The plates were incubated for 24 hrs. Cells in the upper
chamber were completely removed with a cotton swab.
Cells migrating into the lower chamber were washed with
PBS, fixed in 4% paraformaldehyde, and stained with
crystal violet. Finally, the cells were counted under
a microscope in three random fields. For cell migration
assays, the experiments were performed under the same
conditions, except Matrigel was removed when the upper
chamber was precoated.'?

Cell apoptosis assay
Cells were seeded into 60 cm culture dishes and treated with
different concentrations of DHI (2, 4, or 6 uM) or DMSO, as
a control, for 24 hrs. Then, the cells were collected, washed
twice with ice-cold phosphate-buffered saline (PBS), and
stained with Annexin V-FITC and PI according to the man-
ufacturer’s guidelines. The samples were then read on a flow
cytometer (BD Biosciences, Franklin Lakes, NJ, USA). The
distribution of viable (FITC-/PI-), early apoptotic (FITC
+/PI-), late apoptotic (FITC+/PI+), and necrotic (FITC-/PI
+) cells was analyzed. Both early and late apoptotic cells
were recorded as apoptotic cells, and the results are
expressed as the percentage of total cells.'?

Hoechst apoptosis staining
We plated 143B cells in 24-well plates angd

Mitochondrial
Cells were seede

Biotechn8 China) at' 37°C for 20 mins. After washing

with ice-colON@h-1 buffer, medium was added. The cells
were counted uMer a fluorescence microscope in three

random fields.'?

Luciferase reporter assay

We seeded 143B cells in T-25 flasks and transfected them
with 4 pg of Top-luc luciferase reporter plasmids. Twenty-
four hours later, transfected osteosarcoma cells were
seeded to 24-well plates and treated with DHI (2, 4, or 6
uM) or DMSO, as a control, for 12 hrs. At the scheduled

time points, cell supernatants were treated by luciferase
assay kit, and the level of luciferase expression was
detected by GloMax luminescence detector (Promega
Company, USA). Each assay was performed in triplicate.'*

Establishment of orthotopic OS tumor
animal model

The 143B suspension (2x10” cells/ml) was injected into
the proximal tibia of 4-6 weeks old female mice. Then,
animals were treated with different doses of DHI (5, 15, or

as a control, once every 2
width were measured ev

using facility, and it has in keeping with
rd “Laboratory Animal—Requirements of
and Housing Facilities* (GB 14,925—2010).
e care of laboratory animal and the animal experimental
fon have conforming to “Chongqing Management
Approach of Laboratory Animal“ (Chongqing government
order NO.195).

Western blot assay

The 143B cells treated with different concentrations of
DHI and DMSO, as a control, for 24 hrs. Then, cells
were collected and dissolved in the protein cleavage solu-
tion for protein extraction. The protein concentration was
detected by BCA kit, and proteins were separated by
6-15% gradient SDS-PAGE. After separation, the protein
was transferred onto PVDF membranes, which were then
blocked with 5% FBS in TBST for 2 hrs. Primary antibody
dilution buffer was used to incubate PVDF membranes
overnight at 4°C. Anti-rabbit IgG, HRP-linked antibody
was used to incubate PVDF membrane at 37°C for 1 hr.
The specific protein bands were visualized using an ECL
kit (Millipore, USA)."”

Immunohistochemistry (IHC)

Immunofluorescence was employed to show PCNA, Bcl-2,
N-Cadherin, and B-Catenin expression in tumor tissue. The
tumor tissues section was blocked and immunostained
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with antibodies targeting PCNA (1:100), Bel-2 (1:100),
N-Cadherin (1:50), and B-Catenin (1:100). The picture
was captured using a light microscope. The mean of inte-
grated optical density (IOD) was detected by Image-Pro
Plus 6.0 software in three random fields.

Statistical analysis

Statistical analyses were performed using SPSS 17.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Differences between
2 groups were assessed using two-tailed Student’s
t-tests. Each experiment was performed at least 3 times.
The results are displayed as the meantSD. A P-value
<0.05 was considered statistically significant.

Results
DHI inhibits the proliferation of OS cells

First, the effects of DHI on the proliferation of OS cells
were detected by crystal violet staining. We found that DHI
inhibited the proliferation of 143B and MG63 OS cells in
a concentration-dependent manner (Figure 1A-D, P<<0.05).
Similar results were obtained in two other commonly used
OS cell lines, SaoS2 and U20 (Figure 1E and F, P<<0.05).
The inhibitory effect of DHI on the proliferation of 14,
cells and MG63 cells was further verified by MTT ass
(Figure 1G and H, P<<0.05) and colony formation assa

suppressed the protein level of PCNA (Fig
P<<0.05), which is a well-established

of OS cells

We next assessgs

decreased the numbB® of migrated OS cells in a dose-
dependent manner (Figure 2E-H, P<<0.05). Then, we
determined the invasive potential of OS cells using
Matrigel Transwell assay. We found that DHI significantly
inhibited the migration of 143B and MG63 cells, leading
to a decrease in the number of perforated cells (Figure 21—
L, P<<0.05). Moreover, we determined by Western blot
that DHI reduced the expression of MMP9, MMP2, MMP-
7, Snail, and N-Cadherin (Figure 2M and N, P<C0.05),

which are potent markers for tumor metastasis and inva-
sion. Together, these results suggest that DHI may inhibit
the migration and invasion of OS cells.

DHI promotes the apoptosis of

osteosarcoma cells

To evaluate the effect of DHI on apoptosis of 143B and
MG63 cells, we detected the apoptosis of 143B and MG63
cells by flow cytometry (Figure 3A-D, P<<0.05). The results
showed that early and late apoptosis of 143B and MG63 cells

promote the apoptosis
the expression of P,

through the mitochondrial apop-

tosis a JC-1 test. The results showed
thai ed fluorescence decreased and the green
flu ed with the increase of DHI concentra-

<C0.05). These results suggest that DHI
¢ apoptosis of osteosarcoma cells through the
ial apoptosis pathway.

HI inhibits the Wnt/B-catenin signaling

pathway in osteosarcoma cells

We have demonstrated that DHI can inhibit osteosarcoma
cells in vitro. Next, we explored the possible mechanism
of the anticancer effect of DHI in OS cells. We found that
DHI reduced Top-luc and c-myc-luc by using a luciferase
reporter gene system (Figure 4A and B, P<<0.05). TOP-
Luc contains TCF/LEF-responsive elements and reflects -
catenin transcriptional activity; c-Myc-Luc contains
c-Myc-responsive elements and reflects c-Myc transcrip-
tional activity. These results indicate that DHI suppresses
Whnt/B-catenin signaling and its downstream molecule
c-Myc in OS cells. To investigate whether DHI inhibits
the Wnt/B-Catenin signaling pathway at the protein level
in OS cells, we carried out Western blot assays. The results
showed that DHI treatment downregulated the expression
of B-Catenin, LRP6 (upstream of [-Catenin), c-Myc
(downstream of [B-Catenin), and Cyclin D1 proteins
(Figure 4 Cand D, P<<0.05). These results suggest that
DHI can inhibit the Wnt/B-Catenin signaling pathway in

osteosarcoma cells.
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Figure | DHI inhibited OS cell proliferation in vitro.

Notes: (A-F) DHI suppressed OS cell proliferation, as measured by crystal violet staining. (G and H) DHI suppressed OS cell proliferation, as measured by the MTT assay. (I-L)
Colony formation assays showed a significantly lower colony forming rate in both cell lines following DHI treatment. (M and N) Western blot analysis showing DHI downregulated
PCNA. uM: The different concentrations of DHI; Control: Osteosarcoma 143B cells were treated with DMSO to exclude the effect of DMSO on the test. AP<0.05, vs the control
group; **P<<0.01, vs the control group; *P<<0.01, vs 0 umol/L DHI group (n=3).

Abbreviations: DHI, Dihydrotanshinone I; OS, osteosarcoma.
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Figure 2 DHI inhibited OS cells migration and invasion in vitro.

Notes: (A-D) Wound healing assays showed significantly decreased migratory abilities in both cell lines following DHI treatment. (E-H) Transwell assays showed significantly
decreased migration abilities in both cell lines following DHI treatment. (I-L) Transwell assays showed significantly decreased invasive abilities in both cell lines following DHI treatment.
(M-N) Western blot analysis showing DHI downregulated Snail, MMP-2, MMP-7, MMP-9, and N-Cadherin. uM: The different concentrations of DHI; Control: Osteosarcoma 143B cells
were treated with DMSO to exclude the effect of DMSO on the test. “*P<<0.01, vs the control group; **P<<0.01, vs 0 pmol/L DHI group (n=3).

Abbreviations: MMP, Matrix metalloproteinase; DHI, Dihydrotanshinone I.
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Abbreviations: OS, osteosarcoma; DHI, Dihydrotanshinone .
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sarcoma in vivo.

Discussion

Osteosarcoma is an invasive malignant tumor.'® In the past,
surgical resection was used as the main treatment method.
With the accumulation of clinical treatment cases and the
review of a large number of data, it was found that non-
operative treatments, such as adjuvant chemotherapy, immu-
notherapy, and traditional Chinese medicine treatment,

eosarcoma |43B cells were detected by luciferase reporter assay. (C and D)
4 ent concentrations of DHI; Control: Osteosarcoma [43B cells were
¥p; *P<0.05, vs Oumol/L DHI group; **P<<0.01, vs the control group; *P<<0.01, vs 0

improved the survival rate of osteosarcoma patients to
a certain extent,'’ but various uncontrollable factors or poten-
tial side effects make these treatments unsatisfactory.'®
Herbal and natural products have been proven to be highly
5819 pHI
a traditional Chinese medicine extracted from Salvia miltior-

suitable sources for anticancer drugs. is
rhiza Bge. Salvia miltiorrhiza Bge is mostly used to treat
hematological abnormalities.'® Recent studies have shown
that DHI has anti-tumor effect in many kinds of tumors, but
its mechanism has not been fully explained. It is of note,
however, that the inhibitory effect of DHI on osteosarcoma
in vivo and in vitro may be related to the Wnt/pB-Catenin
pathway.

We found that DHI could reduce the proliferation of
osteosarcoma cells and the expression of Proliferating Cell
Nuclear Antigen (PCNA) protein. PCNA is named for its
presence in normal proliferative cells and tumor cells.
Later studies have found that PCNA is closely related to

cell DNA synthesis, plays an important role in the
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initiation of cell proliferation, and is a good index to
reflect the state of cell proliferation.?”

There are three main apoptotic pathways: the death
receptor (extrinsic) pathway, the mitochondrial pathway,
and endoplasmic reticulum stress-mediated apoptosis.>'
The decrease of mitochondrial membrane potential is
a landmark event in the early stage of apoptosis. The
decrease of cell membrane potential can be easily
detected through the transition of JC-1 from red fluor-
escence to green fluorescence. This can also be used as
an early detection index of apoptosis.’> Bcl-2,
a member of the BCL2 family, is a key regulator of
cell apoptosis and is known for its inhibition of mito-
chondrial cytochrome ¢ release.”> We found that DHI
decreased the expression of Bcl-2 and increased the
transition from red fluorescence to green fluorescence,
suggesting that DHI can also induce the mitochondrial
apoptosis pathway. Caspase-3 is the most important
terminal shearing enzyme in the process of apoptosis.
It is also an important part of the killing mechanism of
CTL cells.”* PARP is very important for the stability
and survival of cells. It can be used as a marker of
apoptosis and is generally regarded as a marker of
Caspase-3 activation.”> Our results suggest that
affects extrinsic apoptosis and the mitochondrial apop
tosis pathway.

Metastasis of malignant tumors is ofte
son for the failure of tumor treatment. Wé¢

¢ increasc of tumor differentiation and
of angiogenesis and invasiveness due

expression of N-cadherin causes the cancer cells to move
from the cancer tissue to the basement membrane, adhere
to and degrade the extracellular matrix, and further break
through the structure of the tissue barrier, ultimately lead-
ing to local infiltration and long-distance diffusion.
Related studies show that the EMT signaling pathway is
activated in OS.*®* We hypothesize that DHI inhibits
tumorigenesis by regulating EMT signals. To explore this

possibility, we detected transcription factors related to the
EMT signaling pathway, including the expression of
N-cadherin and Snail. The results showed that DHI could
reduce the metastasis of osteosarcoma by inhibiting EMT.

We found that DHI reduced the fluorescent expression
of c-Myc and TCF/LEF fluorescent reporter plasmids
(Figure 4A and B). The results suggest that DHI may
regulate osteosarcoma cells through the Wnt/B-Catenin sig-
naling pathway. In a frizzled- and disheveled-dependent
manner, Wnt induces phosphorylation of its coreceptor,
LRP6, and recruits the Axin-containipg

downstream target

c-mye, etc.”>' We

aling pathway. The Wnt/B-Catenin sig-
ys an important role in regulating the

teristics.>> >* This pathway also regulates
d Jate cell apoptosis.’> Abnormal activation of the
vnt/B-Catenin signaling pathway has been found in many
jumors, including osteosarcoma.”>>%>? In osteosarcoma
81ls, the Wnt/B-Catenin signaling pathway has a complex
and unique regulatory effect on invasion, migration, prolif-
eration, and differentiation. A large number of experiments
have shown that inhibiting -Catenin expression has a good
anti-tumor effect. These findings also provide the basis for
innovative treatment of osteosarcoma.>®>’

DHI affects osteosarcoma not only through the Wnt
signaling pathway, OS is characterized by an immature phe-
notype expressing primitive osteoblast markers or dysregu-
lated signaling pathways such as hedgehog or Src
pathways.*® According to the related literature, the levels of
Src-tot and pSrc416 in osteosarcoma cells are higher than
those in HOb, and the expression levels of Src-tot and
pSrc416 in different osteosarcoma are not the same, which
leads to great differences in the resistance of osteosarcoma to
different drugs.>**' This may partly explain the phenom-
enon in crystal purple. Meanwhile, most of osteosarcoma
exhibit p53
Lauvrak,* 143B cells have been defined as very aggressive

tumors abnormalities.*>  According to
in terms of tumorigenicity, colony forming ability, migration/

invasion, and proliferation capacity; on the contrary, SaoS2
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cells have been classified as poorly aggressive. Moreover, 9. Cao Y, Huang B, Gao C. Salvia miltiorrhiza extract dihydrotanshi-
none induces apoptosis and inhibits proliferation of glioma cells.
. 0 . Bosn J Basic Med Sci. 2017;3(17):235-240.

being 143B p53 mutant and SaoS2 p53-null.™ This method 10, cai v, Lv F, Kaldybayeva N, Zhamilya A, Wu Z, Wu Y. 15,

these two cell lines possess a different p5S3 mutation status,

allows us to speculate on the possible mechanism of DHI. In 16-Dihydrotanshinone I inhibits hemangiomas through inducing
. C e pro-apoptotic and anti-angiogenic mechanisms in vitro and in vivo.
our study, it was found that DHI had a stronger inhibitory Front Pharmacol. 2018:9:25. doi:10.3389/fphar.2018.00025

effect on 143b cells than SaoS2, suggesting that DHI may  11. Ishiyama M, Tominaga H, Shiga M, Sasamoto K, Ohkura Y, Ueno K.
A combined assay of cell viability and in vitro cytotoxicity with a highly

. . = water-soluble tetrazolium salt, neutral red and crystal violet. Biol Pharm
way, thus inducing p53-dependent apoptosis in human OS Bull. 1996;11(19):1518-1520. doi:10.1248/bpb.19.1518

cells. In our further research, we will mainly analyze if DHI ~ 12 Pan R, He Z, Ruan W, et al. IncRNA FBXL19-ASI regulates osteo-

e sarcoma cell proliferation, migration and invasion by sponging

may inhibit osteosarcoma cell growth through p33. MiR-346. Onco Turgets Ther. 2018;11:8409-8420. doi:10.2147/
OTT.S160963

. 13. Wang Y, Deng X, Yu C, et al.

Conclusion capsaicin combined with cisplajg

upregulate the expression of p53 by activating extrinsic path-

ghibitory effects of
arcoma in culture

Our results suggest that DHI can inhibit osteosarcoma in vivo and in xenografts. J Ex 2018;1(37):251.
o _ : doi:10.1186/513046-018-

and in vitro and that this effect may be related to blocking the 14, Liu Y, Wang W, Xu J, o s iningMibits tumor growth

Wht/B-Catenin signaling pathway and activation of the apop- of human osteos, g Wnt/beta-catenin
. . . signaling. doi:10.3892/

tosis pathway. These results provide valuable experimental Olrg;m ;1 %658 '

evidence to support DHI as a new ¢ candidate for the pre-  15. Wu GS i anoderiol A-enriched extract

vention or treatment of osteosarcoma. Suppre fMDA-MB-231 cells by inhibit-

pathway. PLoS One. 2013;10(8):
journal.pone.0076620

wis I, Juergens H. Osteosarcoma treatment -
state of the art review. Cancer Treat Rev.
—532. doi:10.1016/j.ctrv.2013.11.006

rier HE. Sequelae of osteosarcoma medical therapy:

A, Meyers P,
ACknOWIedgment where do we stand?

2014;4(40)$
. Janeway
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-grade osteosarcoma of the extremities or trunk: an analysis of
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reply 2910-2911.

19. Bernardini G, Minetti M, Polizzotto G, et al. Pro-apoptotic activity of
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cells. Mar Drugs. 2018;12(16):504.

20. Choe KN, Moldovan GL. Forging ahead through darkness: PCNA,
for osteosarcoma. Expert Opk still the principal conductor at the replication fork. Mol Cell. 20173
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