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Leptocarpin (LTC) has drawn much attention for suppressing tumor growth or reducing inflammation. However,
the effect of LTC on osteosarcoma has rarely been reported. Our object was to determine whether LTC sup-
presses MG63 cell proliferation, migration, and invasion, and whether type-1 insulin-like growth factor recep-
tor (IGF-1R) is one of the targets in LTC suppressing osteosarcoma.

Cytotoxicity of LTC was performed by use of a cell-counting kit-8 (CCK-8). RNA interference (RNAi) or pEABE-
bleo IGF-1R plasmid were used for silencing or overexpressing IGF-1R, Western blot (WB) analysis was used for
IGF-1R expression, CCK-8 for proliferation, and transwell assay for migration and invasion.

LTC (23.533 pM) treatment for 48 h was taken as the 50% inhibiting concentration (IC50), which significant-
ly (P<0.05) suppressed MG63 cells proliferation, migration, and invasion. LTC (IC50) obviously inhibited IGF-1R
expression in MG63 cells, with similar effect to small interfering RNA (siRNA), while pEABE-bleo IGF-1R trans-
fection overexpressed IGF-1R. siRNA silencing IGF-1R suppressed MG63 cells proliferation, migration, and in-
vasion, while pEABE-bleo IGF-1R transfection was significantly (P<0.05) promoted. With or without siRNA or
pEABE-bleo IGF-1R transfection, LTC (IC50) suppressed MG63 cells proliferation, migration, and invasion. The
effect of LTC (IC50) combined with siRNA on suppressing MG63 cells proliferation, migration, and invasion was
more obvious, while the effect of LTC (IC50) combined with pEABE-bleo IGF-1R transfection was less signifi-
cant (P<0.05).

LTC suppressed osteosarcoma proliferation, migration, and invasion by inhibiting IGF-1R expression. IGF-1R is
one of the targets in LTC suppressing osteosarcoma.
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Background

Bone is a dynamic tissue with a rigid and mineralized extracel-
lular matrix. It undergoes constant remodeling, which is deter-
mined by the effect of osteoclast activity [1]. During this pro-
cess, old and damaged bone and osteoblasts are resorbed, while
new mineralized extracellular matrix is synthesized [2,3]. Bone
remodeling plays an important role in maintaining structure
throughout life, with an intimate interaction between osteo-
clastic and osteoblastic activities [3]. The imbalance between
bone resorption and synthesis leads to loss of bone integrity
and function, as well as bone metabolic disorders [4].

Osteosarcoma, involving the formation of malignant osteoid or
woven bone, is one of the most common tumors clinically, which
frequently affects children and young adults [5]. Osteosarcoma
is related to high rates of bone destruction with great biologi-
cal virulence [6]. However, further attentions should be on the
metastases and invasion of osteoclastic cells, even with os-
teosarcoma, clinically. According to a previous report [6], tu-
mor-associated osteoclasts were found in 63% of patients by
histological and pathological detections, as well as in 75% by
mRNA analysis. This indicates that there is a close relation-
ship between osteoclastic activity and osteosarcoma aggres-
siveness. In our research, MG63 cells were used to investi-
gate the effect of LTC on migration, invasion, and proliferation.

In the clinical treatment of neoplasia, chemotherapeutic drugs,
which may be natural products or chemical derivatives, are
used increasingly and widely [7]. Recently, the research on new
products with potential biological activity has been focused on
medicinal plants. Asteraceae, which produces many bioactive
compounds such as polyacetylenes, diterpenes, and sesquiter-
pene lactones [8], expresses various clinical activities, including
anti-tumor, anti-ulcer, anti-inflammatory, neurocytotoxic, and
cardiotonic activities [9,10], as well as the ability to influence
critical biological processes such as cell signaling, cell prolifera-
tion, apoptosis, and mitochondrial metabolism [11]. Leptocarpin
(LTC) is the one of the major components of Leptocarpha riv-
ularis, which belongs to the Asteraceae family and was been
widely used as a folk remedy [12-14]. In our study, LTC was
used as an anti-tumor drug to treat MG63 cells.

At the genetic level, previous research [15] has shown that
many genetic and epigenetic agents are involved in tumor
pathogenesis and progression. According to Liu et al. [16],
PMP22 (peripheral myelin protein 22) was found to be overex-
pressed in osteosarcoma. The in vivo experiments proved the
relationship between PMP22 and the proliferation, migration,
invasion, and colony formation of osteosarcoma cells. In ad-
dition, Actein was found to inhibit osteosarcoma proliferation
and migration by Chen et al. [17]. Burguera et al. [18] studied
the role of leptin in human osteosarcoma cells, and they found
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that leptin promoted osteosarcoma cell proliferation, which
was related to the activation of PI(3)-K and MAPK pathways.
All of these results suggest that many molecules play impor-
tant roles in tumor proliferation and migration.

IGF-1R is a member of the tyrosine protein kinase receptor
family. It participates in the establishment of a malignant cell
phenotype [19], cell metastasis [20], protection from apopto-
sis [21], and enhancement of cell proliferation [22]. According to
Hirano et al. [23], high level of IGF-1R expression, as the critical
prognostic factor, was correlated to tumor progression in hu-
man endometrial carcinoma. Pavelic et al. [24] also found that
endometrial cancer cells synthesized and secreted IGF-I and
IGF-II, integrating with IGF-1R and inducing tumor proliferation.
Although IGF-1R is highly overexpressed in most malignant tis-
sues, where it functions as an anti-apoptotic agent by enhanc-
ing cell survival, whether IGF-1R could be used as a molecular
target in suppressing osteosarcoma growth has been unknown.

Here, we used RNAI to silence /GF-IR gene expression to in-

vestigate the role of IGF-1R in LTC suppressing MG63 cell pro-
liferation, migration, and invasion.

Material and Methods

MG63 cell

MG63 cells were obtained from the American Type Culture
Collection (ATCC, Rockville, MD, USA) and cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Fisher Scientific Inc.,
Shanghai, China) containing 10% fetal bovine serum (FBS, Gibco,
Thermo, Shanghai, China), amphotericin (2.5 pg/mL, Sigma-Aldrich
Inc., Shanghai, China), penicillin (100 U/mL, Sigma-Aldrich), and
streptomycin (100 pg/mL, Sigma-Aldrich) under conditions of 5%
C0,, 37°C, and saturated humidity. When 90% confluent, the cells
were digested with 0.25% trypsin-EDTA (Thermo) and subcultured.

LTC preparation

LTC was extracted from Leptocarpha rivularis according to pre-
vious methods [25] and sent to the Scistd Testing Institute
(Qingdao, China) for structural identification by spectroscopic
techniques (*H and BC NMR, IR, MS). LTC was dissolved in di-
methylsulfoxide (DMSO, Sigma-Aldrich), with primary concen-
tration adjusting as 1 mg/mL and stored at —20°C. Before use,
LTC (1 mg/mL) was diluted with medium as given concentra-
tions from 1.0 to 25.0 pM.

LTC cytotoxicity screening in MG63 cells by CCK-8

MG63 cells were digested and the concentration was adjust-
ed to 3000 cells in 200 pL medium per well in a 96-well plate.
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After culturing for 24 h, MG63 cells were treated with LTC (1.0,
2.5, 5.0, 7.5, 10.0, 12.5, 15.0, 17.5, 20.0, 22.,5 and 25.0 pM).
The negative control (NC) group was the MG63 cells treated
with 0.1% DMSO. All the cells were incubated at 37°C, with
5% CO, and saturated humidity, for 24, 48, and 72 h. After
treatments, 10 pl of CCK-8 buffer was added to each well. The
cells were detected at 450 nm by an enzyme mark instrument
(Synergy HTX multi-mode reader, BioTek Instruments, Co. Ltd.,
USA) after 20 min. The data obtained are shown as percent-
ages of living cells versus the control, expressed as mean +
standard deviation (SD).

Silencing IGF-1R

siRNA targeting IGF-1R (5’-GCC GAT GTG TGA GA AGC-3’) was
synthesized by Shanghai GenePharma Co., Ltd. (Shanghai,
China). IGF-1R siRNA was used to transfect MG63 cells with
Lipofectamine® 3000 reagent (Thermo) according to the spec-
ifications. MG63 cells were cultured subsequently for 72 h.
Then, LTC was used to treat MG63 cells and were compared
to NC (0.1% DMSO).

Overexpressing IGF-1R

pEABE-bleo IGF-1R plasmid was obtained from Addgene (Beijing
Zhongyuan, Ltd. China). MG63 cells were transfected with pEA-
BE-bleo IGF-1R plasmid by Lipofectamine® 3000 reagent for 48
h and then treated with LTC and compared to NC (0.1% DMSO0).

Detection on MG63 cell migration and invasion

For detection of MG63 invasion, 5 pl Matrigel (Becton, Dickinson
and Company, BD, USA) was spread in the upper chamber of
a transwell 24-well plate (BD). Following treatment with LTC
for 48 h or 72 h, MG63 cells were cultured with DMEM with-
out FBS or antibiotics for 6 h, and then digested as densi-
ty of 1x10° cells/mL with DMEM without FBS. We added 0.5
mL of the cell suspension to each upper chamber of the 24-
well plate, while 0.5 mL DMEM containing 10% FBS was add-
ed to the lower chamber. The upper chamber was placed in
the appropriate lower chamber. After 24 h, the Matrigel and
the MG63 cells in the upper chambers were cleaned carefully
and thoroughly. The upper and lower chambers were washed
once with 1xPBS and the cells were fixed with 4% parafor-
maldehyde (Solarbio Science and Technology Co., Ltd. Beijing
China) for 20 min. MG63 cells in the lower surface of the up-
per chambers were stained with 0.25% crystal violet (Macklin
Inc. Shanghai, China), which was dissolved in 20% methanol,
for 2045 min. The samples were washed twice with PBS and
the membrane of the chamber was sealed with cover bal-
sam (Leica Biosystems, Germany). The membrane was wet-
ted with PBS and observed under a microscope (Nikon, Japan).
Five fields (20x) were selected randomly and the number of
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MG63 cells was counted, with the average number and the
comparisons analysis.

For detection MG63 cell migration, the protocol was the same
as for invasion, but without Matrigel.

Detections of IGF-1R expression

Total proteins in MG63 cells were extracted with loading buf-
fer (2x) and the concentrations were determined with a BCA
protein assay kit (Beyotime Biotechnology Company, Shanghai,
China) according to the specifications. The proteins were an-
alyzed by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) with a 10% separating gel and 5% stack-
ing gel. Then, the protein was transferred to polyvinylidene
fluoride (PVDF) membranes (Merck Millipore Corporation,
Darmstadt, Germany), and the membranes were blocked
with 5% non-fat milk and 2% bovine serum albumin (BSA,
Gen-View Scientific Inc., USA) in PBS-T (PBS containing 0.25%
Tween-20, Macklin) at 25°C for 1.5 h. The membranes were in-
cubated with rabbit anti-IGF-1R primary antibodies (1: 4000,
Proteintech Group Inc., Wuhan, China) and mouse anti-B-actin
(1: 10 000, Proteintech), as internal control, at 4°C overnight.
The next day, the membranes were incubated with goat an-
ti-rabbit and goat anti-mouse secondary antibodies (1: 3000,
Jackson ImmunoResearch Laboratories, Inc. USA) at 25°C for
2 h, and then analyzed with electrochemiluminescence (ECL,
Millipore, MA, USA).

Statistical analysis

All the data were analyzed using SPSS 19.0 software. The data
are shown as mean #* standard deviation (X+SD). Cell prolif-
eration is shown as optical density (OD) value. Cell migration
and invasion are shown as cell amount. One-way ANOVA was
used for comparisons among all treatments. IC50 was ana-
lyzed by probit regression. Least significant difference (LSD)
was used for multiple comparisons when there was homoge-
neity of variance, while Dunnett’s T3 test was used with het-
erogeneity of variance. P<0.05 was considered to indicate a
significant difference.

Results

LTC suppressing MG63 cells proliferation

The cytotoxicity of LTC is shown in Table 1 and Figure 1A. There
was no significant difference in MG63 proliferation with differ-
ent LTC concentrations treatment for 24 h. Treating for 48 h,
the proliferation of MG63 cells treated with LTC (10.0~25 pM)
were both significantly (P<0.05) lower than the NC. The pro-
liferation of MG63 cells treated with LTC (7.5~25 pM) for 72 h
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Table 1. Effect of 0.1% DMSO or LTC (1.0~25pM) on MG63 cells proliferation in 24 h, 48 h and 72h (X+SDs).

NC (0.1% DMSO) 0.176+0.034
o mcaowm 0179:0008
o omcesmm 016820016
o mceowm 0159:0019
Cmeosmm 016260025
© mcaoowm 015620018
o mcaswm 015520037
© mcasowm 0150:0054
o mcarsum 014520008
 mceoowm 0149:0017
o mceaswm 0140:0018
© mcesowm 013720021

0.510+0.079 0.986+0.047
""""""" 0506:0.075 092440068
""""""" 0504:0042 091040094
""""""" 0505:0086 078210087
""""""" 049200071 070660071
""""""" 045120027 068540069
""""""" 0427:0016 05950043

0.265+0.0432 0.306+0.071"

DMSO - dimethylsulfoxide; LTC — Leptocarpin; NC — negative control group; ' comparing to the NC (72h), P<0.05; 2 comparing to the

NC (48h), P<0.05

were significantly (P<0.05) lower than the NC. The IC50 was
23.533 PM LTC (95% Cl=22.269~25.088) treated for 48 h or
16.548 UM LTC (95% Cl=15.017~18.345) treated for 72 h.

Therefore, two IC50 values were obtained, 23.533 pM LTC
treated for 48 h and 16.548 pM LTC treated for 72 h. We chose
23.533 uM LTC treated for 48 h as the final IC50 in the fol-
lowing treatments.

LTC inhibits IGF-1R expression in MG63 cells

As shown in Figure 1B, siRNA or 23.533 pM LTC treated for
48 h decreased IGF-1R expression in MG63 cells, while pEA-
BE-bleo IGF-1R clearly increased IGF-1R expression, indicating
the successfully overexpression or silencing of IGF-1R. After
overexpression of IGF-1R, 23.533 pM LTC treatment for 48 h
obviously decreased IGF-1R in MG63 cells compared to 0.1%
DMSO treatment. On the other hand, after silencing IGF-1R,
23.533 yM LTC treatment for 48 h further decreased IGF-1R in
MG63 cells compared to 0.1% DMSO or LTC treatment alone.

LTC suppresses MG63 cells migration and invasion

The results of migration and invasion of MG63 cells are shown
in Table 2, Figure 1C, and Figure 1D. There were significant
(P<0.05) differences in migration (Figure 1Ca, 1Cb) and inva-
sion (Figure 1Da, 1Db) of MG63 cells treated with 23.533 pMm
LTC for 48 h.

LTC suppresses MG63 cell proliferation

As shown in Table 3, Figures 2A and 2B, we compared the prolif-
eration rate of MG63 cells with different treatments. MG63 cells
proliferation rate was promoted after overexpressing IGF-1R, but
suppressed after silencing IGF-1R, which indicates that overex-
pressed IGF-1R promotes MG63 cells proliferation. LTC 23.533
UM treatment for 48 h obviously suppressed MG63 cell prolifer-
ation, similar to RNAI. After overexpressing IGF-1R, 23.533 pM
LTC treatment for 48 h suppressed MG63 cell proliferation com-
pared to the NC group. Additionally, siRNA silencing IGF-1R com-
bined with 23.533 pM LTC treatment for 48 h further suppressed
MG63 cell proliferation compared to siRNA or LTC treatment alone.

LTC suppresses MG63 cell migration and invasion

As shown in Table 4 and Figure 2C-2F, we compared the mi-
gration and invasion of MG63 cells with different treatments.
MG63 cell migration and invasion rates were both promoted
after overexpressing IGF-1R, but were suppressed after silenc-
ing IGF-1R or 23.533 puM LTC treatment for 48 h, compared
to NC. These results indicate that overexpressed IGF-1R pro-
motes MG63 cell migration and invasion. After overexpress-
ing IGF-1R, 23.533 pM LTC treatment for 48 h still suppressed
MG63 cell migration and invasion compared to NC. LTC 23.533
UM treatment for 48 h after siRNA silencing of IGF-1R further
suppressed MG63 cell migration and invasion, with better ef-
fects than siRNA or LTC treatment alone.
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Figure 1. Effect of LTC on IGF-1R and MG63 cell proliferation, migration, and invasion. (A) Effect of 0.1% DMSO or LTC on MG63 cells
proliferation at 24, 48 and 72 h (* compared to NC (72 h), P<0.05; 2 compared to NC (48 h), P<0.05). (B) Effect of LTC on IGF-
1R expression in MG63 cells (B-actin: internal reference). (C) Effect of LTC on MG63 cell migration and invasion. (D) Effect
of LTC on MG63 cell migration and invasion rates (* compared to migration in NC, P<0.05; 2 compared to migration in NC,
P<0.05).

Table 2. Effect of 0.1% DMSO or LTC on MG63 cells migration and invasion (X+SDs).

Migration Migration rate (%) Invasion Invasion rate (%)
NC (0.1% DMSO, 48 h) 120.68+18.04 = 106.36+20.59 =
LTC (23.533 puM, 48 h) 40.56+10.31" 33.61 32.12+8.43? 30.20

LTC — Leptocarpin group; NC — negative control group; ! comparing to the NC (0.1% DMSO, 48 h) of migration, P<0.05; 2 comparing to
the NC (0.1% DMSO, 48 h) of invasion, P<0.05

Discussion LTC is a sesquiterpene lactone, a major component of the
Asteraceae family [25]. According to Martinez et al. [12], LTC
Osteosarcoma, a malignant bone tumor, affects many children and exhibits high cytotoxicity on human liver adenocarcinoma (SK-
young adults worldwide. To find new anti-tumor drugs and targets Hep-1) and Hela cells. Therefore, LTC has anti-cancer and an-
for the treatment of osteosarcoma, we chose MG63 cells as the ti-tumor effects [26-28]. However, there is less study focusing
subject and used LTC as the anti-tumor drug. By silencing IGF-1R on the effect of LTC on osteosarcoma. In our investigations, we
with RNAI, we found that IGF-1R was one of the targets in LTC’s studied the cytotoxicity of LTC on MG63 cells, and we found
suppression of MG63 cell proliferation, invasion, and migration. that LTC (10.0~25 pM) treatment for 48 h and LTC (7.5~25 uM)
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Table 3. Effect of LTC and/or siRNA targeting IGF-1R on MG63 cells proliferation (X+SDs).

OD value Proliferation rate (%)

NC (0.1% DMSO, 48 h) 0.53440.041 100.00
pEABEbeolGRIR os7as0033 eas?
CsRNA ososs0024 sz
aceasmmasy 02701004 soser
| PEABE-bleo IGF-IR#NC (01% DMSO,48h) osses0027 1s7ssee
| DEABEbleo IGF-IR +UTC (23533 M, 48 1) odos0058  olgsas
CSRNAWNC 01%DMSO,48K) 043as0025  glopaess
CSRNAWTC(3533pM48H) 026510043  ageymer

Type-1 insulin-like growth factor receptor; LTC — Leptocarpin; NC — negative control group; DMSO — dimethylsulfoxide; ! comparing
to NC (0.1% DMSO, 72 h), P<0.05; 2 comparing to pEABE-bleo IGF-1R, P<0.05; * comparing to siRNA, P<0.05; # LTC (23.533 pM, 48 h),
P<0.05; > comparing to pEABE-bleo IGF-1R+NC (0.1% DMSO, 48 h), P<0.05; ¢ comparing to pEABE-bleo IGF-1R +LTC (23.533 pM, 48 h),
P<0.05; 7 comparing to siRNA+NC (0.1% DMSO, 48 h), P<0.05.

A B
1.0 - 200 -
1
0.8
5 150 4
=z
2 0.6 c
é % 100 13,45
04 &
£ 1256,
02 50
0.0 - 0
C D
150 150
| Sa
© =
s
g]OO B gwo b ~N 2 <
£ = O 5 o
= = = o
3 3 =~
= = S
S K] e
50 50 =
&
0- 0— P
Migration rate (%) Invasion rate (%)
[ NC(0.1% DMS0, 48 h) [H pEABE-bleo | GF-1R+NC (0.1% DMSO, 48 h)
I pEABE-bleo | GF-1R I pEABE-bleo | GF-1R+LTC (23.533 uM, 48 h)
Il SiRNA [ SiRNA+NC (0.1% DMS0, 48 h)
W LTC(23.533 pM, 48) I SiRNA-LTC (23.533 pM, 48 h)
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E
a  NC(0.1%DMSO,48h) b pEABE-bleo | GF-1R C siRNA d 1TC(23.533 M, 48)
i @ ¥ f b . a 2 : /
@ DPEABE-bleo| GF-TR+NC £ PEABE-bleo | GF-TR+LTC . h .
(0.1% DMSO, 48 h) (23533 M, 48 h) 9 SiRNA+NC (0.1% DMSO, 48 h) SIRNA-+LTC (23.533 uM, 48 h)

a  NC(0.1%DMSO0,48h) b  pEABE-bleo | GF-1R C SiRNA d  L7C(23.533 pM, 48)

€@ pEABE-bleo | GF-1R+NC f PEABE-bleo | GF-1R+LTC g . h
(0.1% DMSO, 48 h) (23.533 M, 48 h) siRNA+NC (0.19% DMSO0, 48 h) siRNA+LTC (23.533 uM, 48 h)

Figure 2. Effect of LTC on MG63 cell proliferation, migration, and invasion with different treatments. (A) Effect of LTC on MG63 cell
proliferation. (B) Effect of LTC on MG63 cell proliferation rate (* compared to NC (0.1% DMSO, 72 h), P<0.05; 2 compared
to pEABE-bleo IGF-1R, P<0.05; * compared to siRNA, P<0.05; 4 LTC (23.533 uM, 48 h), P<0.05; °* compared to pEABE-bleo
IGF-1R+NC (0.1% DMSO, 48 h), P<0.05;6 compared to pEABE-bleo IGF-1R +LTC (23.533 uM, 48 h), P<0.05; 7 compared to
SiRNA+NC (0.1% DMSO, 48 h), P<0.05). (C) Effect of LTC on MG63 cell migration and invasion. (D) Effect of LTC on MG63
cell migration and invasion rates (* compared to NC (0.1% DMSO, 48 h) of migration, P<0.05; 2 compared to pEABE-bleo
IGF-1R of migration, P<0.05; > compared to siRNA of migration, P<0.05; * compared to LTC (23.533 pM, 48 h) of migration,
P<0.05; ° compared to pEABE-bleo IGF-1R+ NC (0.1% DMSO, 48 h) of migration, P<0.05; ® compared to pEABE-bleo IGF-1R+
LTC (23.533 pM, 48 h) of migration, P<0.05; ° compared to siRNA+NC (0.1% DMSO, 48 h) of migration, P<0.05; *° compared
to NC (0.1% DMSO, 48 h) of invasion, P<0.05; ** compared to pEABE-bleo IGF-1R of invasion, P<0.05; ¢ compared to siRNA
of invasion, P<0.05; 7 compared to LTC (23.533 puM, 48 h) of invasion, P<0.05; !> compared to pEABE-bleo IGF-1R+ NC (0.1%
DMSO, 48 h) of invasion, P<0.05; '* compared to pEABE-bleo IGF-1R+ LTC (23.533 uM, 48 h) of invasion, P<0.05; * compared
to siRNA+NC (0.1% DMSO, 48 h) of invasion, P<0.05). (E) Effect of LTC on MG63 cell migration. (F) Effect of LTC on MG63 cell
invasion.
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Table 4. Effect of LTC and/or siRNA targeting IGF-1R on MG63 cells migration and invasion (X+SDs).

Migration Migration rate (%) Invasion Invasion rate (%)
NC (0.1% DMSO, 48 h) 96.17+8.44 100 87.56+9.10 100
pEABEbleolGFAR 1229411250 12788 10638:1512 121499
CeRNA 6633:1005 6897 525611028 600301
uc@asumash) 60241795 62687 51891703 | s02601
| EABEbleo IGF-IR+ NC (0.1% DMSO, 48 h) 11948835 12424 1031611075 1178271
| EABE-bleo IGF-1R+ LTC (23.533 M, 48h) 82151084 854225 7609:651 8690711
| GRNANC (01%DMSO,48h) 6017:961 62572 51201752 sgsguns
CSRNASTC (23533 uM,48H) 33808625 3sasasesss 28061473 320567011 123310

Type-1 insulin-like growth factor receptor; LTC — Leptocarpin; NC — negative control group; DMSO, dimethylsulfoxide; ! comparing

to NC (0.1% DMSO, 48 h) of migration, P<0.05; 2 comparing to pEABE-bleo IGF-1R of migration, P<0.05; > comparing to siRNA of
migration, P<0.05; * comparing to LTC (23.533 pM, 48 h) of migration, P<0.05; > comparing to pEABE-bleo IGF-1R+ NC (0.1% DMSO,

48 h) of migration, P<0.05; ® comparing to pEABE-bleo IGF-1R+ LTC (23.533 pM, 48 h) of migration, P<0.05; ° comparing to siRNA+NC
(0.1% DMSO, 48 h) of migration, P<0.05; °® comparing to NC (0.1% DMSO, 48 h) of invasion, P<0.05; ' comparing to pEABE-bleo IGF-1R
of invasion, P<0.05; ¢ comparing to siRNA of invasion, P<0.05; 7 comparing to LTC (23.533 pM, 48 h) of invasion, P<0.05; '2 comparing
to pEABE-bleo IGF-1R+ NC (0.1% DMSO, 48 h) of invasion, P<0.05; '* comparing to pEABE-bleo IGF-1R+ LTC (23.533 pM, 48 h) of
invasion, P<0.05; '* comparing to siRNA+NC (0.1% DMSO, 48 h) of invasion, P<0.05.

treatment for 72 h both obviously suppressed MG63 cell prolif-
eration. These results indicate that a high concentration of LTC
had obvious effects on MG63 cell proliferation, in agreement
with previous reports. By analysis the IC50, we chose 23.533 pM
LTC treatment for 48 h in the following experiments. By detect-
ing migration and invasion, we found that 23.533 pM LTC treat-
ment for 48 h obviously suppressed MG63 cell migration and in-
vasion, supporting the previous investigations mentioned above.

IGF-1R, a tetrameric transmembrane receptor tyrosine kinase,
is expressed widely in normal human tissues. Increasing ev-
idence suggests that IGF-1R is associated with progression
of human tumors [29]. Jasminka et al. [30] found that IGF-1R
was overexpressed in endometrial carcinoma. According to
Martinez et al. [14], LTC had no effect on DNA or RNA synthe-
sis but produced marked effects on the protein biosynthesis
in cancerous cell lines, which showed the biological activity of
LTC, as an anti-neoplastic agent of natural origin.

To confirm the promotion of overexpressed IGF-1R on tumor
cell proliferation, we referred to previous studies [16,17] and
detected the IGF-1R expression in MG63 cells. We found that
LTC treatment obviously inhibited IGF-1R expression in MG63
cells, similar to results of siRNA silencing IGF-1R. Even after
overexpressing IGF-1R, LTC still decreased IGF-1R expression.
By detecting proliferation, migration, and invasion, we found
that MG63 cell proliferation, migration, and invasion were ob-
viously suppressed by LTC treatment, even in the MG63 cells
with overexpressed IGF-1R. Additionally, siRNA also suppressed

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

MG63 cell proliferation, migration, and invasion, but the ef-
fect of siRNA combined with LTC was more powerful than LTC
treatment alone. These results suggest that IGF-1R has impor-
tant roles in LTC’s suppression of MG63 cells proliferation, mi-
gration, and invasion.

Claudia et al. [31] also found that LTC decreased cell viability
of cancer cell lines via inducing an apoptotic process and in-
hibiting the NF-xB signaling pathway. LTC is also an effective
inhibitor of NF-xB, which is involved in cell growth, including
apoptosis and proliferation, and even migration and invasion.
Therefore, other targets that LTC acts on might be critical pro-
teins in the NF-kB signaling pathway. Unfortunately, we did
not detect the role of IGF-1R in the NF-kB signaling pathway
in LTC treatment of MG63 cells. Animal experiments are need-
ed to confirm this hypothesis in vivo.

Conclusions

We found that LTC suppressed osteosarcoma proliferation,
migration, and invasion. IGF-1R is one of the targets in LTC’s
suppression of osteosarcoma, which provides clinical treat-
ments for osteosarcoma with a new drug and molecular tar-
get. Further investigations are needed to demonstrate the role
of IGF-1R in LTC’s suppression of osteosarcoma, and animal
experiments are also needed.
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