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Suppression of ERK/NF-kB Activation Is Associated With
Amentoflavone-Inhibited Osteosarcoma Progression In Vivo
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Abstract. Background/Aim: Amentoflavone has been
implicated in reducing the metastatic potential of osteosarcoma
(0OS) cells in vitro. The aim of the present study was to verify
the antitumoral efficacy and the potential mechanism of
amentoflavone osteosarcoma progression inhibition in vivo.
Materials and Methods: A U-2 OS osteosarcoma xenograft
mouse model was used in this study. Mice were treated with a
vehicle control or amentoflavone (100 mg/kg/day) for 15 days.
Tumor growth, signal transduction, and expression of tumor
progression-associated proteins were evaluated using a digital
caliper, bioluminescence imaging (BLI), animal computed
tomography (CT), and ex vivo western blotting assay. Results:
Amentoflavone significantly inhibits tumor growth and reduces
protein levels of phospho-extracellular signal-regulated
kinase (P-ERK), nuclear factor-kappaB (NF-kB) p65
(Ser536), vascular endothelial growth factor (VEGF), matrix
metallopeptidase 9 (MMP-9), X-linked inhibitor of apoptosis
protein (XIAP), and cyclin-D1 in osteosarcoma in vivo.
Conclusion: The inhibition of ERK/NF-xB activation is
associated with amentoflavone-inhibited osteosarcoma
progression in vivo.
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Herbal medicines are being used for the maintenance of
healthy bones and for treating bone-related diseases for
thousands of years (1). Many herbal compounds and
composite formulas have been shown to prevent osteoporosis
and relief bone pain by upregulating the natural
osteoprotective and anti-inflammatory responses of the body
(1, 2). The multi-herb formula, Er-Zhi-Wan, has been
implicated in the prevention of osteoporosis by suppressing
osteoclastic bone resorption (3). It was reported that Xiao-
Ai-Tong (one of the traditional Chinese medicine) can reduce
the bone cancer related pain of patient via the modulation of
cytokine and against adverse reaction of morphine (4).

In addition, the antitumoral effect of herbal medicine in
osteosarcoma has been reported by Chang et al., who have
summarized and evaluated the therapeutic efficacy of herbal
medicines against osteosarcoma growth in mice using a
systematic review and meta-analysis (5). Specific herbal
compounds have been recognized as apoptotic inducers of
osteosarcoma suppressing tumor cell growth (6), such as
curcumin, a bioactive compound isolated from Curcuma
longa, which can inhibit osteosarcoma cell proliferation by
triggering apoptosis (7).

Several intracellular signaling pathways that participate in
tumor growth are activated through the overexpression of
signaling kinases and correlate with a poor outcome in
osteosarcoma (8). As a consequence, specific kinase inhibitors
have been generated to abolish osteosarcoma growth through
the suppression of several signal transduction pathways (9,
10). Pre-clinical data have demonstrated that phosphoinositide
3-kinase (PI3K) and the mammalian target of rapamycin
(mTOR) inhibitors can prevent cell growth and induce cell
cycle arrest and apoptosis in osteosarcoma cell lines (10).
Clinical trials have shown that multi-kinase inhibitors, such as
sorafenib and regorafenib, can prolong progression-free
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survival in patients with high-grade osteosarcoma following
failure of conventional therapy (11, 12).

Herbal compounds have been documented to effectively
inhibit osteosarcoma cell proliferation, survival, and
invasion, through inactivation of signaling Kkinases.
Formononetin, a component of Radix astragali, induces cell
apoptosis by inactivating extracellular signal-regulated
kinase (ERK) and protein kinase B (AKT) in osteosarcoma
(13). Amentoflavone, a multifunctional compound extracted
from Selaginella tamariscina, has also been shown to
downregulate the metastatic potential of osteosarcoma in
vitro by suppressing ERK activation (14). In our previous
studies, we found that amentoflavone inhibits tumor growth
by suppressing ERK in hepatocellular carcinoma both in
vitro and in vivo (15, 16). However, the antitumoral effect
and mechanism of action of amentoflavone in osteosarcoma
in vivo is not clear. The aim of the present study was to
evaluate the antitumoral efficacy and potential mechanism of
amentoflavone’s action on osteosarcoma in vivo.

Materials and Methods

Chemical reagents and antibodies. Amentoflavone was purchased from
Sigma-Aldrich (St. Louis, MO, USA) and was dissolved in dimethyl
sulfoxide (DMSO, from Sigma-Aldrich). pGL4.50 (luc2/CMV) vector
and D-luciferin were acquired from Promega (Madison, WI, USA).
JetPEI™ transfection reagent was purchased from Polyplus Transfection
(S’elestat, Bas-Rhin, France). Primary and secondary antibodies
involving anti-VEGF (EMD Millipore Corporation, Burlington, MA,
USA), anti-MMP-9 antibody (EMD Millipore Corporation), anti-XIAP
(Thermo Fisher Scientific, Fremont, CA, USA), anti-ERK1/2 antibody
clone MK12 (Santa Cruz Biotechnology, Inc. Dallas, TX, USA), anti-
phospho-ERK1/2 antibody (Thr202/Tyr204, Thr185/Tyr187, Cell
Signaling Technology, Inc., Danvers, MA, USA), anti-mouse IgG and
anti-rabbit IgG (Jackson ImmunoResearch,West Grove, PA, USA) were
all used in Western blot assays.

U-2 OS cell line. Human osteosarcoma U-2 OS cells were
generously provided by Professor Jing-Gung Chung from the
Department of Biological Science and Technology, China Medical
University, Taichung, Taiwan. McCoy’s SA medium culture media
contained 10% FBS, 2 mM L-glutamine, and PS (100 Units/ml and
100 pg/ml) (Life Technologies, Carlsbad, CA, USA). U-2 OS cells
were cultured at 80% confluence and were then maintained at 37°C
in a humidified incubator with 5% CO, atmosphere (14, 17).

Plasmid transfection and stable clone selection. U-2 OS cells were
seeded as 80% confluence in a 6-cm plate before pGL4.50
luciferase reporter [pGL4.50 (luc2/CMV)] vector transfection. The
transfection protocol was followed by the JetPEI™ transfection kit
(S’elestat, Bas-Rhin, France), according to the manufacturer’s
instructions. Following transfection, hygromycin (100 pg/ml) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) was added for the
selection and stabilization of the luciferase-expressing cells. Finally,
U-2 OS cells with a stable luciferase expression were identified by
a bioluminescence imaging system (Xtreme, Bruker, Billerica, MA,
USA) and defined as U-2 OS/luc2 cells (14, 18).
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Figure 1. Animal experiment procedure. Nude mice bearing U-2 OS/luc2
cells were separated into control and amentoflavone-treated groups.
Tumor size and weight and whole-body weight were evaluated every 3
days by caliper and scale, respectively. Bioluminescence imaging for
each group was acquired before treatment (day 0) and on day 15. CT
scan was performed on day 15.

U-20S xenograft animal model. The animal study was approved by
the Institutional Animal Care and Use Committee in Taipei Medical
University (certification number: LAC-2017-0223). All animal
procedures were followed by the guide for the care and use of
laboratory animals under the 5R’s and 5F’s principles (19). Six-
week-old male nude (nu/nu) mice were purchased from the National
Laboratory Animal Center (Taipei, Taiwan). For the xenograft
animal model, U-2 OS/luc2 cells (1x107 in 200 pL PBS) were
injected subcutaneously at the left leg of the nude mice (20, 21).
The animal experimental procedure is represented in Figure 1.
When tumor size reached 100 mm3, the mice were randomly
separated into two groups (N=5/per group). The control group was
treated with 100 pL PBS with 0.1% DMSO by gavage. Another
group was administered with amentoflavone (100 mg/kg) dissolved
in 100 pL PBS with 0.1% DMSO. Treatment began from day 1 until
day 15 (a total of fifteenth days of treatment). The tumors’ volume
and mice whole body weight were measured every 3 days, and the
tumor volume was calculated using the formula V=widthxlengthx
heightx0.523. Mice were sacrificed on day 15 and tumor specimens
were collected for ex vivo Western blotting analyses.

In vivo bioluminescence imaging (BLI). In vivo luminescence
images of mice bearing U-2 OS/luc2 cells were taken on days O
(before treatment) and 15 (after fifteen daily treatments) (Xtreme,
Bruker, Billerica, MA, USA). Mice were intraperitoneally injected
with 200 pL D-luciferase (15 mg/kg) for 15 min and were
anesthetized by 1-3% isoflurane. Isoflurane gas anesthesia was
maintained at 1.5% during the 3-minute acquisition of the luciferase
signal from tumor. Photon signal accumulated from the tumor in
each mouse was quantified using Molecular Imaging Software (MI)
version 7.2 (Bruker) (18).

In vivo whole-body computer tomography. Nude mice bearing U-2
OS/luc2 cells were anesthetized by 1-3% isoflurane and were
prepared for scanning using computer tomography (Mediso Ltd.,
Budapest, Hungary) on day 15 (after fifteen daily treatments) with
specific operation parameters: i) tube energy 55 kVpx145 pA, ii)
360 projections, iii) voxel size 145x145x145 puM (16). After
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Figure 2. Tumor growth was suppressed by amentoflavone without inducing general toxicity. (A) Tumor tissue images from controls and
amentoflavone-treated mice. (B) Quantified result of tumor size, (C) tumor weight, and (D) body weight from each group. (al: p<0.05, a2: p<0.01

vs. control).

scanning, mice were sacrificed on the same day (day 15) for
protein analysis.

Ex vivo Western blot. Ex vivo Western blotting was performed as
previously described (18). Briefly, tumor tissue was pulverized
using sonication, and was solubilized using nuclear and cytoplasmic
extraction kits (EMD Millipore). Proteins were subjected to SDS
PAGE gel electrophoresis and were transferred to a polyvinylidene
difluoride membrane (Thermo Fisher Scientific). Membranes were
blocked with 3% bovine serum albumin for 1 hour and were
incubated overnight with the respective primary antibodies.
Membranes were then washed 3 times with TBST (Tris-buffered
saline and 0.1% Tween 20; Sigma-Aldrich, St. Louis, MO, USA)
and were incubated with the secondary antibody (1:10,000) for
another 1 hour. Relative protein expression bands were visualized
using enhanced chemi-luminescence (Thermo Fisher Scientific) and
were detected using the ChemiDoc MP Imaging System (Bio-Rad
Laboratories, Inc., CA, USA) (22).

Results

Amentoflavone may effectively suppress U-2 OS/luc2 tumor
growth without general toxicity. The animal experimental
flow chart is shown in Figure 1. Tumors isolated from each
treatment group are shown in Figure 2A. The caliper
measurements (Figure 2B) indicate a marked decrease of
tumor growth following amentoflavone treatment. The
average tumor tissue weight in the amentoflavone-treated
group on day 15 was also reduced as compared to control
group (Figure 2C). To evaluate the general toxicity of the
treatment we also recorded the body weight of mice during
the therapy. The body weight of control and
amentoflavone-treated mice was maintained around 20-21
g or both groups from the start of the treatment till the end
(Figure 2D).
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Both BLI and CT imaging showed marked tumor growth
suppression following amentoflavone treatment. In order to
confirm the effect of amentoflavone, we evaluated tumor
growth by two different imaging methods. BLI images of one
representative mouse from each group on days O (before
treatment) and 15 (after fifteen daily treatments) are shown in
Figure 3A. The quantified result of the total photon signal
from the tumor area showed signal drop only in the
amentoflavone treatment group during the same time (Figure
3B). In addition, whole body CT imaging on the same day
showed that tumor size was effectively reduced in
amentoflavone-treated mice compared to control (Figure 3C).

Tumor progression effect was inhibited by amentoflavone
treatment via ERK/NF-kB signaling inactivation. To
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Figure 3. BLI and CT images indicate that the tumor size decreases in
the amentoflavone-treated mice. (A) Bioluminescence images of one
representative mouse from each group were displayed. (B) Photon
intensity from each mouse tumor area was measured and quantified. (C)
White dot line points out the tumor area on whole body CT images. (a?:
p<0.01 vs. control).

investigate the molecular mechanism of amentoflavone of
osteosarcoma growth inhibition, we evaluated the
expression of ERK/NF-xB and their downstream
regulators in control and amentoflavone-treated tumor
tissues. In figures 4A and B, the phosphorylation of P65
NF-xB and P-ERK were markedly decreased following
amentoflavone treatment. Furthermore, NF-xB
downstream effector proteins, including VEGF, MMP9,
XIAP (angiogenesis, invasion and migration related
proteins, respectively) and CyclinD1 (proliferation related
protein) were all suppressed following amentoflavone
treatment (14, 30, 31) (Figures 4C and D). Collectively,
we saw that amentoflavone effectively suppresses
osteosarcoma progression via inhibition of ERK/NF-kB
signaling pathways.
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Figure 4. Tumor progression-related proteins decrease by amentoflavone. (A, C) Ex vivo Western blots and (B, D) quantified bar charts of phospho-
p65- NF-xB, phospho-ERK, VEGF, MMP9, XIAP and CyclinDI. (a?: p<0.01 vs. control).

Discussion

The rapid progression of metastatic osteosarcoma diminishes
the efficacy of conventional therapy and results in poor
survival (23). Tumor progression-associated proteins such as
VEGF, MMP-9, XIAP, and Cyclin-D1 have been shown to
control tumor angiogenesis, invasion, anti-apoptosis, and
proliferation in osteosarcoma. Inhibition of these proteins with
small interfering- or micro-RNA (siRNA or miRNA) not only
has previously reduced osteosarcoma tumor progression but
has also enhanced the efficacy of therapeutic agents (24-27).

The NF-xB p50/p65 heterodimer plays the role of a critical
modulator in tumor development and progression and
numerous tumor progression-associated proteins are encoded
by NF-kB target genes. For example, NF-xB activation
modulates the resistance of tumors to chemotherapeutic agents
and radiation, while inhibition of NF-xB signaling may
enhance treatment efficacy (28, 29). The increased NF-xB
nuclear translocation ss associated with poor survival in
patients with osteosarcoma (30), while protein levels of VEGF,
MMP-9, XIAP, and Cyclin-D1 are reduce upon NF-xB
inactivation in osteosarcoma (14, 30, 31).
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The phosphorylation of Mitogen-Activated Protein Kinases
(MAPK)/ERK mediate oncogenic phenotypes, including cell
growth, survival, invasion, and angiogenesis by triggering the
activation of downstream transcription factors in cancer cells
(32, 33). Increased P-ERK expression has also been linked to
chemoresistance in patients with osteosarcoma (34), while
PD98059, an ERK inhibitor, can suppress NF-kB activation
and reduce the expression of metastasis-associated proteins
in osteosarcoma U2-OS cells in vitro (14).

ERK phosphorylation has been considered as a therapeutic
target for osteosarcoma (9, 32). Sorafenib, a multi-kinase
inhibitor, has been shown to induce ERK dephosphorylation
in osteosarcoma in vitro and works as a second- or third-line
treatment to improve the progression-free survival of patients
with high-grade osteosarcoma following failure of
multimodal chemotherapy (9, 11, 32). In fact, our own data
demonstrated that amentoflavone significantly reduces tumor
growth as well as the expression of P-ERK, NF-kB p65
(Ser536), and other osteosarcoma tumor progression-
associated proteins in vivo.

In conclusion, the suppression of ERK/NF-kB signaling is
associated with amentoflavone-inhibited osteosarcoma
progression in vivo. Further clinical trials need to be
arranged and validated in the future work before clinical
application. Here, we suggest that amentoflavone may be a
potential adjuvant therapy for the treatment of osteosarcoma.
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