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Abstract. Background/Aim: Sorafenib has been reported to
show anti-osteosarcoma (anti-OS) efficacy by inhibiting
metastasis; however, a phase Il trial suggested that further
combination with other agents could be necessary to achieve
permanent remission. Herein, we aimed to identify whether
amentoflavone, an abundant natural bioflavonoid found in
many medicinal plants, can improve the treatment efficacy of
sorafenib in OS. Materials and Methods: Cell viability,
metastasis, apoptosis, and nuclear translocation of NF-kB
after amentoflavone combined with sorafenib were assayed by
MTT, transwell migration/invasion, western blotting, flow
cytometry, and immunofluorescence staining, respectively.
Results: The sorafenib-induced cytotoxicity and apoptosis of
U-2 OS was enhanced by combining treatment with QNZ (NF-
kB inhibitor) or amentoflavone. NF-kB nuclear translocation,
NF-kB phosphorylation, and metastasis capacity of U-2 OS
cells were inhibited by amentoflavone combined with
sorafenib. Conclusion: Amentoflavone may sensitize OS to
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sorafenib treatment by inducing intrinsic and extrinsic
apoptosis and inhibiting ERK/NF-kB signaling transduction.

Osteosarcoma (OS) is the most common type of bone
malignancy, which affects children, adolescents and adults
older than 50 years of age (1, 2). The efficacy of
conventional anti-OS treatments, such as surgery,
chemotherapy, and radiotherapy, is attenuated by the
exuberant invasion capacity and chemoradioresistance,
which are causes leading to treatment failure (3, 4). Several
tyrosine kinase inhibitors (TKIs) have been shown to provide
survival benefits in patients with relapsed OS (5).

Sorafenib is a multi-tyrosine kinase inhibitor that elicits
tumor regression through inactivating angiogenic and oncogenic
kinases, including platelet-derived growth factor receptor
(PDGFR), vascular endothelial growth factor receptors
(VEGFRs), Ret, c-Kit, and Raf (6, 7). Sorafenib presented
encouraging clinical activity and a manageable safety profile in
patients with relapsed OS after failure of standard treatment (8).

Preclinical and clinical studies have indicated that the
effect of sorafenib against cancers can be enhanced by
combinations with critical molecular inhibitors (9, 10). For
instance, the nuclear factor-kappa B (NF-xB) inhibitor and
mammalian target of rapamycin (mTOR) inhibitor have been
reported to sensitize hepatocellular carcinoma (HCC) cells
to sorafenib (9) and to improve the therapeutic efficacy of
sorafenib in patients with unresectable OS (10), respectively.

Demonstrated by cell and animal models, bioactive
compounds isolated from natural plants, such as curcumin,
berberine, genistein, quercetin, tanshinone, resveratrol, silibinin,
galangin, and betulin exert anti-OS activities via mediating
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apoptosis, cell cycle arrest, autophagy, and suppression of
oncogenic signaling transduction pathways (11, 12).

Amentoflavone, a bioactive polyphenolic compound
extracted from many natural plants, was shown to inhibit
progression of OS by suppressing extracellular signal-
regulated kinase (ERK)/NF-xB signaling (2, 13). Previous
studies have shown that amentoflavone sensitized HCC cells
to sorafenib by triggering apoptosis (14, 15). However,
whether amentoflavone enhances the anti-OS effect of
sorafenib is ambiguous. The major goal of the present study
was to evaluate the inhibitory efficacy and possible
underlying mechanism of amentoflavone combined with
sorafenib in OS in vitro.

Materials and Methods

Reagents and antibodies. Sorafenib was purchased from LC
Laboratories (Woburn, MA, USA), Amentoflavone was purchased from
Wuhan ChemFaces Biochemical Co., Ltd. (Wuhan, Hubei, PR China).
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT)
and dimethyl sulfoxide (DMSO) were obtained from Sigma Chemical
Co. (St. Louis, MO, USA). McCoy’s 5A medium, fetal bovine serum
(FBS), and penicillin-streptomycin (PS) were purchased from
GIBCO®/Invitrogen Life Technologies (Carlsbad, CA, USA). Primary
antibodies X-linked inhibitor of apoptosis protein (XIAP, #2042,
1:1,000, Cell Signaling Technology (CST), Danvers, MA, USA),
Cellular FLICE (FADD-like IL-1B-converting enzyme)-inhibitory
protein (C-FLIP, #8510, 1:1,000, CST), matrix metallopeptidase 9
(MMP9, PA5-13199, 1:1,000, Invitrogen), vascular endothelial growth
factor (VEGF, ab46154, 1:1,000, Abcam, Cambridge, UK),
extracellular signal-regulated kinase (ERK) Thr202/Try204 (#9101,
1:1,000, CST), ERK (#4695, 1:1,000, CST), nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-kB) Ser536 (93H1) (#3033,
1:1,000, CST), NFxB (D14E12) XP® (#8242, 1:1,000, CST),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (D16H11) XP®
#5174, 1:1,000, CST), P-actin (sc-47778, 1:1,000, Santa Cruz
Biotechnology, Dallas, TX, USA) and GAPDH (Elabscience, Houston,
TX, USA) were purchased from the indicated companies. Secondary
antibodies for western blotting, including peroxidase affiniPure Goat
Anti-Mouse IgG and Goat Anti-Rabbit IgG were purchased from
Jackson Immunoresearch Laboratories Inc. (West Grove, PA, USA).

Cell culture. Human bone osteosarcoma epithelial cell, U-2 OS
cells, purchased from Bioresource Collection and Research Center
(Hsinchu City, Taiwan, ROC), and maintained in McCoy’s 5A
medium containing 10% FBS and 1% PS in 5% CO, and 37°C.

MTT assay and combination index (CI). U-2 OS cells were seeded
into 96-well plates with 5x103 cells per well and incubated at 37°C
overnight. After incubation, cells were treated with sorafenib (0-30
uM), QNZ (0-4 uM), amentoflavone (0-200 uM), sorafenib plus
QNZ or sorafenib plus amentoflavone for 24 h. Then, the
supernatant was discarded, replaced with MTT solution (0.5 mg/ml
MTT in PBS), and incubated at 37°C for 2 h. After the formazan
formation, the MTT solution was removed from the 96-well plate,
and 100 pl of DMSO was added into each well. The SpectraMax
iD3 microplate reader (Molecular Device, San Jose, CA, USA) was
the used for signal detection at the absorbance wavelength of 570

Table I. Combination index of amentoflavone combined with various
doses of sorafenib.

Concentration of drugs U2-0S cells
Amentoflavone (uM) Sorafenib (uM) Fa CI
100 5 0.16 1.63
100 10 0.30 1.18
100 15 0.38 1.14
100 20 0.56 0.76%*
100 30 0.80 0.39*

Fa: Fraction affected % inhibition; CI: Combination index; CI=1,
additivity; CI>1, antagonism; CI<I, synergy. Values marked with *
indicate increased synergistic effect.

nm. The blank value was defined as zero (+/-0.1). The CI was
calculated and analyzed by CompuSyn software (PD Science, LLC,
Paramus, NJ, USA)

Migration/invasion transwell assay. U-2 OS cells were seeded into
a 6-cm petri dish with 5x105 cells and incubated at 37°C overnight.
After incubation, U-2 OS cells were pre-treated with 20 pM of
sorafenib, 100 uM amentoflavone or sorafenib plus amentoflavone
for 24 h. The drug pre-treated U-2 OS cells were collected by
trypsinization, and diluted to 1x106/ml in serum-free medium. Then,
the 8 pm diameter pore size transwell inserts (Merck, Kenilworth,
NJ, USA) were placed into 24-well plates. Seven hundred 10%
completed medium was then added in the bottom layer, and 100 pl
of drug pre-treated cells was added in the upper layer of the
transwell inserts for another 24 h. For the invasion assay, 8 um
diameter pore size transwell inserts were pre-coated with 50 pl
matrigel one day before the experiment. The transwell insert was
fixed with fixation buffer (methanol: acetic acid=3:1) for 15 min at
room temperature. Transwell insert membranes were then stained
with 0.1% crystal violet solution for 5 min, and observed by using
light microscopy. The percentage of migration/invasion was
analyzed by using ImageJ software 1.50 (National Institutes of
Health, Bethesda, MD, USA) (16).

Flow cytometry. U-2 OS cells were seeded into 6-well plates with
1x105 cells per well and incubated at 37°C overnight. After
incubation, U-2 OS cells were treated with 20 uM of sorafenib, 100
uM amentoflavone or sorafenib plus amentoflavone for 24 h. U-2 OS
cells were then collected by trypsinization, and washed twice with
ice-cold PBS. Next, U-2 OS cells were conjugated with different
antibodies or reagents, including FITC-DEVD-FMK (cleaved-
caspase-3) (Abcam, Waltham, MA, USA), Red-IETD-FMK (cleaved-
caspase-8) (Abcam), FITC-VAD-FMK (cleaved-caspase-9) (Abcam),
Fas-L-PE (NOK-1, BioLegend, San Diego, CA, USA), Fas-FITC
(DX2, BioLegend), and DIOC¢ (mitochondria membrane potential,
AWm) for apoptosis detection and analyzed by flow cytometry
(NovoCyte, Agilent Technologies, Santa Clara, CA, USA) (17).

Western blotting assay. U-2 OS cells were seeded into a 6-cm petri dish
with 5x103 cells and incubated at 37°C overnight. After incubation, U-
2 OS cells were treated with 20 pM of sorafenib, 100 pM
amentoflavone or sorafenib plus amentoflavone for 24 h. U-2 OS cells
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were washed twice with ice-cold PBS and lysed with RIPA buffer
containing proteinase and phosphatase inhibitors for 1 h on ice. The
protein from the whole cell lysate was separated by 8-12% SDS-PAGE
gel and transferred onto polyvinylidene difluoride (PVDF) membranes.
PVDF membranes were further blocked with 5% non-fat milk for 1 h
at room temperature and incubated with primary and secondary
antibodies for protein detection. For protein band detection, PVDF
membranes were incubated and reacted with Immobilon Western
Chemiluminescent HRP Substrate (Pierce, Rockford, IL, USA). Finally,
the intensities from protein bands were detected and quantified by using
VisionWorks (Analytik Jena, Jena, Germany). Quantification data were
all normalized by control GAPDH and {-actin expression.

NF-kB translocation assay. U-2 OS cells were seeded into a 6-well
containing 2 mm x 2 mm coverslips at 1x105 cells per well and
incubated at 37°C overnight. U-2 OS cells were treated with 20 uM
of sorafenib, 100 uM amentoflavone or sorafenib plus
amentoflavone for 24 h. Coverslips were fixed with 4%
paraformaldehyde and permeabilized with 0.1% Triton-X 100 both
for 15 min. Then, U-2 OS cells on coverslips were blocked with 3%
bovine serum albumen (BSA) and stained with NF-xkB primary
antibody (1:300) at 4°C overnight. The Alexa Fluor® 488 AffiniPure
Goat Anti-Rabbit IgG (H+L) secondary antibody (1:200) and 1
ug/ml DAPI (in PBS) were administered to cells and incubated at
room temperature for 1 h and 2 min, respectively. The stained
coverslips were mounted onto glass slides with fluorescence
protection mounting buffer and stored at 4°C in the dark.
Fluorescence signal from U-2 OS cells was detected by using DAPI
and FITC channels with fluorescence microscopy (Revolve, ECHO,
San Diego, CA, USA) and quantified by ImageJ software 1.50 (18).

Statistical analysis. One-way ANOVA with Tukey’s test was used
in this study for comparing different concentrations of single drug
treatments and combined treatments by using Microsoft Excel 2016.
p-Values less than 0.05 were defined as significant differences. Each
value in this study is displayed as meanzstandard error.

Results

Amentoflavone enhanced sorafenib-induced cytotoxicity and
inhibited the migration/invasion capacity of OS cells. We used
the MTT assay to investigate the cytotoxicity of sorafenib and
amentoflavone as monotherapy and in combination on U-2 OS
cells. As illustrated in Figure 1A and B, cell viability was
decreased in a dose-dependent manner in response to
sorafenib and amentoflavone. Furthermore, sorafenib-induced
cytotoxicity was enhanced by the combination treatment with
amentoflavone in U-2 OS cells (Figure 1C). In Figure 1D, the
synergistic effect of amentoflavone combined with sorafenib
was found at 100 pM amentoflavone plus 20 uM sorafenib
(Combination index=0.76, Table I); these concentrations were
used to perform further experiments. Moreover, the sorafenib-
induced inhibition of migration and invasion was validated by
transwell migration and invasion assay. The positive staining
of migration and invasion cells was found to be markedly
decreased by the combination of sorafenib and amentoflavone
compared to single treatments (Figure 1E and F). Then, we

identified whether the migration- and invasion-associated
genes were reduced by sorafenib combined with
amentoflavone. As indicated in Figure 1G, the expression of
MMP-9 and VEGF was effectively decreased by the
combination of sorafenib and amentoflavone (over 95%
reduction). Taken together, amentoflavone may sensitize U-2
OS cells to sorafenib treatment.

Amentoflavone enhanced the sorafenib-induced death receptor-
dependent and mitochondria-dependent apoptosis pathways in
OS cells. We then examined whether the apoptosis induced by
sorafenib may also be enhanced by the combination treatment
with amentoflavone by using flow cytometry. As illustrated in
Figure 2A, cleaved caspase 3 was significantly activated by the
combination treatment. The activity of cleaved caspase-3
increased to 80% in the combination group (Figure 2B).
Caspase 8, the most proximal caspase in death receptor
signaling, was also activated by treatment with sorafenib and
amentoflavone as compared to single therapy (Figure 2A and
C). Next, we found that the cell death surface receptor Fas and
its ligand (Fas-L) were induced by the combination treatment
(Figure 2D-F). We also validated whether the mitochondria-
dependent apoptosis pathway may be activated by sorafenib
combined with amentoflavone. In Figure 2G-H, cleaved
caspase-9, involved in the mitochondria-mediated apoptosis,
was increased by the combination treatment. Subsequently,
sorafenib combined with amentoflavone decreased the
mitochondrial membrane potential (AWm) of U-2 OS cells
(Figure 2G and I). Sorafenib in combination with
amentoflavone not only induced apoptosis but also increased
the suppression effect on anti-apoptosis related proteins, such
as XIAP and c-FLIP (Figure 2J). In summary, amentoflavone
sensitized U-2 OS cells to sorafenib-induced extrinsic (death
receptor-mediated apoptosis) and intrinsic (mitochondria-
mediated apoptosis) apoptosis signaling.

The amentoflavone enhancement of the sorafenib-induced
toxicity in OS cells was associated with the inactivation of the
ERK/NF-kB signaling pathway. To identify the role of NF-xB
after treatment with the combination of amentoflavone and
sorafenib, we replaced amentoflavone with a NF-kB inhibitor
(QNZ). As indicated in the MTT assay results, QNZ suppressed
the viability of U-2 OS cells (Figure 3A). The cell viability
reduction was markedly increased after treatment with the
combination of QNZ and sorafenib as compared to treatment
with sorafenib alone (Figure 3B). The synergistic combination
effect of QNZ combined with sorafenib was also confirmed by
CI (Figure 3C and Table II). Thus, the inhibition of NF-kB may
sensitize U-2 OS cells to sorafenib treatment. Next, we further
investigated whether amentoflavone suppressed nuclear
translocation of NF-kB by using immunofluorescence staining.
As shown in Figure 3D, nuclear translocation of NF-kB was
significantly abolished by amentoflavone alone and
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Figure 1. The induction of sorafenib-induced toxicity and sorafenib-suppressed migration and invasion by amentoflavone in U-2 OS cells. U-2 OS
cells were treated with (A) sorafenib (0-30 uM), (B) amentoflavone (0-200 uM) or (C) the combination of both for 24 h, and then assayed by MTT.
(D) The CI index of the combination treatment is displayed. The (E) stained transwell images of migration and invasion and (F) the quantification
of data are presented. (G) The western blotting results of MMP-9 and VEGF after treatment are presented. (*p<0.05, **p<0.01 vs. 0 uM of sorafenib
or 0 uM of amentoflavone; $p<0.05, $5p<0.01 vs. 0 uM of amentoflavone).

amentoflavone combined with sorafenib. In Figure 3E, the  amentoflavone combined with sorafenib. The phosphorylation
expression of NF-xB in the nucleus was reduced even further =~ of ERK and NF-xB was effectively decreased after the
after the combination treatment. Moreover, the upstream  combination treatment with amentoflavone and sorafenib
regulator of NF-xB, ERK, was also found to be decreased by  (Figure 3F). Altogether, amentoflavone may aggravate the
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sorafenib-induced toxicity in U-2 OS cells via down-regulation
of the ERK/NF-xB signaling.

Discussion
Invasion-associated proteins VEGF and MMP-9 are essential

for tumor growth, angiogenesis, and metastasis. Positive
expression of both VEGF and MMP-9 is associated with
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Figure 2. Both the extrinsic and intrinsic apoptosis signaling pathways
induced by sorafenib were reinforced by amentoflavone. U-2 OS cells were
treated with 100 uM of amentoflavone, 20 uM of sorafenib, and the
combination of both for 24 h and assayed by using flow cytometry. The (A)
activation pattern of cleaved caspase-3 and cleaved caspase-8 and (B-C)
quantitation analysis of their activation are displayed. The (D) activation
pattern of Fas and Fas-L and (E-F) quantitation analysis of their activation
are presented. The (G) activation pattern of cleaved caspase-9 and the loss
of AVm and (H-1) quantitation analysis of their activation are displayed.
(J) The western blotting results of XIAP and C-FLIP after treatment are
presented. ¥p<0.05, *¥p<0.01, **¥p<0.005 vs. CTRL; $p<0.05, $3p<0.01
vs. 100 uM of amentoflavone and 20 uM of sorafenib.

metastasis and poor prognosis in patients with OS (19, 20).
Inhibition of MMP-9 expression and VEGF signaling inhibit
the growth and invasion of OS cells (21, 22). Sorafenib was
reported to reduce the protein levels of MMP-9 and VEGF
as well as to suppress the migration and invasion of OS cells
(23). Our data show that the sorafenib-induced inhibition of
the invasion ability of OS cells was promoted by treatment
with amentoflavone (Figure 1E and F).
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Figure 3. Suppression of ERK/NF-kB by amentoflavone may reinforce
the sorafenib-induced toxicity of U-2 OS cells. U-2 OS cells were
treated with (A) ONZ (0-4 uM) or (B) the combination of 0.25 QNZ uM
with sorafenib (0-30 uM) for 24 h and then assayed by MTT. (C) The
CI value of QNZ combined with sorafenib is displayed. The nuclear
translocation (D) shown by immunofluorescence staining imaging and
(E) quantification analysis are presented. (J) The western blotting
results of ERK (Thr202/Tyr204), ERK, NF-kB (Ser536), NF-kB, XIAP,
and C-FLIP after treatment are presented.

we examined the effect of amentoflavone on sorafenib
treatment of OS cells. Amentoflavone significantly enhanced
the sorafenib-induced extrinsic and intrinsic apoptosis
(Figure 2A-I). We also found that the combination treatment
reduced the expression of XIAP and C-FLIP even more
compared to treatment with amentoflavone or sorafenib
alone (Figure 27J).
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Table II. Combination index of QNZ combined with various doses of
sorafenib.

Concentration of drugs U2-0S cells
QNZ (uM) Sorafenib (uM) Fa CI
0.25 5 0.26 1.71
0.25 10 0.50 0.92%
0.25 15 0.68 0.59%
0.25 20 0.77 0.45%
0.25 30 0.89 0.24%

Fa: Fraction affected % inhibition; CI: Combination index; CI=I,
additivity; CI>1, antagonism; CI<I, synergy. Values marked with
*indicate increased synergistic effect.

Constitutive NF-xB activation promotes cancer survival
and invasion via the upregulation of anti-apoptotic and
invasion-associated proteins, which are encoded by NF-kB-
related genes (29, 30). The increase in NF-kB nuclear
translocation is correlated with poor survival of patients
with OS (31). NF-xB inactivation suppresses growth,
survival, and invasion of OS cells (32). NF-kB inhibition
also enhanced the anti-HCC efficacy of sorafenib (9).
Therefore, we verified the effect of NF-xB inhibition on
sorafenib-induced cytotoxicity in OS cells. We found that
both QNZ (NF-kB inhibitor) and amentoflavone sensitized
U-20S cells to sorafenib (Figure 1C-D and Figure 3B-C).
Sorafenib-inhibited NF-xB phosphorylation and nuclear
translocation were potentiated by treatment with
amentoflavone (Figure 3D-F). Phospho-ERK has been
shown to be required for the constitutive NF-kB activation
in U-20S cells (2). Lower levels of ERK (Thr202/Tyr204)
were observed after the combination treatment compared to
those in cells treated with amentoflavone or sorafenib alone
(Figure 3F).

In conclusion, induction of apoptosis and suppression of
NF-xB signaling are associated with amentoflavone-
sensitized OS cells to sorafenib. We suggest that the addition
of amentoflavone as complimentary agent may increase the
therapeutic benefits of sorafenib in patients with OS.

Conflicts of Interest

The Authors declare no competing financial interests regarding this
study.

Authors’ Contributions

CMS, CHL, MCH, PFY and FTH performed the experiments. CMS,
CHL, MCH, PFY and JGC prepared the initial version of the paper.
FTH, RFL and LCH designed the study, performed the literature
review, and prepared the final versions of the paper.

Acknowledgements

The Authors thank the Medical Research Core Facilities Center,
Office of Research & Development at China Medical University
(Taichung, Taiwan, R.O.C) for the technical support.

Funding

This study was supported by Show Chwan Memorial Hospital,
Changhua, Taiwan, ROC (ID: SRD-110011), and National Yang
Ming Chiao Tung University Hospital, Taipei, Taiwan, ROC (ID:
RD2022-010).

References

1 Chang PY, Hsieh MJ, Hsieh YS, Chen PN, Yang JS, Lo FC,
Yang SF and Lu KH: Tricetin inhibits human osteosarcoma cells
metastasis by transcriptionally repressing MMP-9 via p38 and
Akt pathways. Environ Toxicol 32(8): 2032-2040, 2017. PMID:
27860196. DOI: 10.1002/tox.22380

2 Pan PJ, Tsai JJ and Liu YC: Amentoflavone inhibits metastatic
potential through suppression of ERK/NF-kB activation in
osteosarcoma U20S cells. Anticancer Res 37(9): 4911-4918,
2017. PMID: 28870912. DOI: 10.21873/anticanres.11900

3 Czarnecka AM, Synoradzki K, Firlej W, Bartnik E, Sobczuk P,
Fiedorowicz M, Grieb P and Rutkowski P: Molecular biology of
osteosarcoma. Cancers (Basel) 72(8): 2130, 2020. PMID:
32751922. DOI: 10.3390/cancers12082130

4 Prudowsky ZD and Yustein JT: Recent insights into therapy
resistance in osteosarcoma. Cancers (Basel) 73(7): 83, 2020.
PMID: 33396725. DOI: 10.3390/cancers13010083

5 Tian Z, Niu X and Yao W: Receptor tyrosine kinases in
osteosarcoma treatment: which is the key target? Front Oncol /0:
1642, 2020. PMID: 32984034. DOI: 10.3389/fonc.2020.01642

6 Kuo YC, Lin WC, Chiang IT, Chang YF, Chen CW, Su SH,
Chen CL and Hwang JJ: Sorafenib sensitizes human colorectal
carcinoma to radiation via suppression of NF-kB expression in
vitro and in vivo. Biomed Pharmacother 66(7): 12-20, 2012.
PMID: 22265104. DOI: 10.1016/j.biopha.2011.09.011

7 Shi T, Iwama H, Fujita K, Kobara H, Nishiyama N, Fujihara S,
Goda Y, Yoneyama H, Morishita A, Tani J, Yamada M, Nakahara
M, Takuma K and Masaki T: Evaluating the effect of lenvatinib on
sorafenib-resistant hepatocellular carcinoma cells. Int J Mol Sci
22(23): 13071, 2021. PMID: 34884875. DOI: 10.3390/ijms222
313071

8 Grignani G, Palmerini E, Dileo P, Asaftei SD, D’Ambrosio L,
Pignochino Y, Mercuri M, Picci P, Fagioli F, Casali PG, Ferrari S
and Aglietta M: A phase II trial of sorafenib in relapsed and
unresectable high-grade osteosarcoma after failure of standard
multimodal therapy: an Italian Sarcoma Group study. Ann Oncol
23(2): 508-516, 2012. PMID: 21527590. DOI: 10.1093/annonc/
mdrl51

9 Wu JM, Sheng H, Saxena R, Skill NJ, Bhat-Nakshatri P, Yu M,
Nakshatri H and Maluccio MA: NF-kappaB inhibition in human
hepatocellular carcinoma and its potential as adjunct to sorafenib
based therapy. Cancer Lett 278(2): 145-155, 2009. PMID:
19303700. DOI: 10.1016/j.canlet.2008.12.031

10 Grignani G, Palmerini E, Ferraresi V, D’ Ambrosio L, Bertulli R,
Asaftei SD, Tamburini A, Pignochino Y, Sangiolo D, Marchesi

1142



in vivo 36: 1136-1143 (2022)

E, Capozzi F, Biagini R, Gambarotti M, Fagioli F, Casali PG,

Picci P, Ferrari S, Aglietta M and Italian Sarcoma Group:

Sorafenib and everolimus for patients with unresectable high-

grade osteosarcoma progressing after standard treatment: a non-

randomised phase 2 clinical trial. Lancet Oncol /6(1): 98-107,

2015. PMID: 25498219. DOI: 10.1016/S1470-2045(14)71136-2

Tobeiha M, Rajabi A, Raisi A, Mohajeri M, Yazdi SM,

Davoodvandi A, Aslanbeigi F, Vaziri M, Hamblin MR and Mirzaei

H: Potential of natural products in osteosarcoma treatment: Focus

on molecular mechanisms. Biomed Pharmacother /44: 112257,

2021. PMID: 34688081. DOI: 10.1016/j.biopha.2021.112257

12 Lin YC, Chen HY, Hsieh CP, Huang YF and Chang IL: Betulin
inhibits mTOR and induces autophagy to promote apoptosis in
human osteosarcoma cell lines. Environ Toxicol 35(8): 879-887,
2020. PMID: 32190974. DOI: 10.1002/tox.22924

13 Lee YJ, Chung JG, Chien YT, Lin SS and Hsu FT: Suppression of
ERK/NF-kB activation is associated with amentoflavone-inhibited
osteosarcoma progression in vivo. Anticancer Res 39(7): 3669-3675,
2019. PMID: 31262893. DOI: 10.21873/anticanres.13515

14 Tsai JJ, Hsu FT, Pan PJ, Chen CW and Kuo YC: Amentoflavone
enhances the therapeutic efficacy of sorafenib by inhibiting anti-
apoptotic potential and potentiating apoptosis in hepatocellular
carcinoma in vivo. Anticancer Res 38(4): 2119-2125, 2018.
PMID: 29599330. DOI: 10.21873/anticanres.12452

15 Chen WL, Hsieh CL, Chen JH, Huang CS, Chen WT, Kuo YC,
Chen CY and Hsu FT: Amentoflavone enhances sorafenib-
induced apoptosis through extrinsic and intrinsic pathways in
sorafenib-resistant hepatocellular carcinoma SK-Hepl cells in
vitro. Oncol Lett 14(3): 3229-3234, 2017. PMID: 28927070.
DOI: 10.3892/01.2017.6540

16 Wu CH, Hsu FT, Chao TL, Lee YH and Kuo YC: Revealing the
suppressive role of protein kinase C delta and p38 mitogen-
activated protein kinase (MAPK)/NF-kB axis associates with
lenvatinib-inhibited progression in hepatocellular carcinoma in
vitro and in vivo. Biomed Pharmacother 745: 112437, 2022.
PMID: 34864311. DOI: 10.1016/j.biopha.2021.112437

17 Yueh PF, Lee YH, Fu CY, Tung CB, Hsu FT and Lan KL:
Magnolol induces the extrinsic/intrinsic apoptosis pathways and
inhibits STAT3 signaling-mediated invasion of glioblastoma
cells. Life (Basel) 11(12): 1399, 2021. PMID: 34947930. DOI:
10.3390/1ife11121399

18 Yueh PF, Lee YH, Chiang IT, Chen WT, Lan KL, Chen CH and
Hsu FT: Suppression of EGFR/PKC-8/NF-xB signaling
associated with imipramine-inhibited progression of non-small
cell lung cancer. Front Oncol //: 735183, 2021. PMID:
34765548. DOI: 10.3389/fonc.2021.735183

19 Zhou J, Liu T and Wang W: Prognostic significance of matrix
metalloproteinase 9 expression in osteosarcoma: A meta-analysis
of 16 studies. Medicine (Baltimore) 97(44): e13051, 2018.
PMID: 30383677. DOI: 10.1097/MD.0000000000013051

20 Kaya M, Wada T, Akatsuka T, Kawaguchi S, Nagoya S, Shindoh
M, Higashino F, Mezawa F, Okada F and Ishii S: Vascular
endothelial growth factor expression in untreated osteosarcoma
is predictive of pulmonary metastasis and poor prognosis. Clin
Cancer Res 6(2): 572-577, 2000. PMID: 10690541.

21 Liao CL, Lin JH, Lien JC, Hsu SC, Chueh FS, Yu CC, Wu PP,
Huang YP, Lin JG and Chung JG: The crude extract of Corni

1

—

Fructus inhibits the migration and invasion of U-2 OS human
osteosarcoma cells through the inhibition of matrix
metalloproteinase-2/-9 by MAPK signaling. Environ Toxicol
30(1): 53-63, 2015. PMID: 23955962. DOI: 10.1002/tox.21894

22 Assi T, Watson S, Samra B, Rassy E, Le Cesne A, Italiano A and
Mir O: Targeting the VEGF pathway in osteosarcoma. Cells 10(5):
1240, 2021. PMID: 34069999. DOI: 10.3390/cells10051240

23 Wu CH, Lin KH, Fu BS, Hsu FT, Tsai JJ, Weng MC and Pan PIJ:
Sorafenib induces apoptosis and inhibits NF-kB-mediated anti-
apoptotic and metastatic potential in osteosarcoma cells.
Anticancer Res 4/(3): 1251-1259, 2021. PMID: 33788716. DOI:
10.21873/anticanres.14882

24 Marchandet L, Lallier M, Charrier C, Baud’huin M, Ory B and
Lamoureux F: Mechanisms of resistance to conventional
therapies for osteosarcoma. Cancers (Basel) 13(4): 683, 2021.
PMID: 33567616. DOI: 10.3390/cancers13040683

25 Hattinger CM, Patrizio MP, Fantoni L, Casotti C, Riganti C and
Serra M: Drug resistance in osteosarcoma: emerging biomarkers,
therapeutic targets and treatment strategies. Cancers (Basel) /3(12):
2878, 2021. PMID: 34207685. DOI: 10.3390/cancers13122878

26 Pfeffer CM and Singh ATK: Apoptosis: a target for anticancer
therapy. Int J Mol Sci 79(2): 448, 2018. PMID: 29393886. DOI:
10.3390/ijms 19020448

27 Zhang YP, Kong QH, Huang Y, Wang GL and Chang KI:
Inhibition of c-FLIP by RNAIi enhances sensitivity of the human
osteogenic sarcoma cell line U20S to TRAIL-induced apoptosis.
Asian Pac J Cancer Prev 16(6): 2251-2256, 2015. PMID:
25824746. DOIL: 10.7314/apjcp.2015.16.6.2251

28 Liu XG, Xu J, Li F, Li MJ and Hu T: Down-regulation of miR-
377 contributes to cisplatin resistance by targeting XIAP in
osteosarcoma. Eur Rev Med Pharmacol Sci 22(5): 1249-1257,
2018. PMID: 29565481. DOI: 10.26355/eurrev_201803_14465

29 Godwin P, Baird AM, Heavey S, Barr MP, O’Byrne KJ and
Gately K: Targeting nuclear factor-kappa B to overcome
resistance to chemotherapy. Front Oncol 3: 120, 2013. PMID:
23720710. DOI: 10.3389/fonc.2013.00120

30 Chen JH, Chen WL and Liu YC: Amentoflavone induces anti-

angiogenic and anti-metastatic effects through suppression of

NF-xB activation in MCF-7 cells. Anticancer Res 35(12): 6685-

6693, 2015. PMID: 26637885.

Tang QL, Xie XB, Wang J, Chen Q, Han AJ, Zou CY, Yin JQ, Liu

DW, Liang Y, Zhao ZQ, Yong BC, Zhang RH, Feng QS, Deng

WG, Zhu XF, Zhou BP, Zeng YX, Shen JN and Kang T: Glycogen

synthase kinase-3[3, NF-kB signaling, and tumorigenesis of human

osteosarcoma. J Natl Cancer Inst 104(10): 749-763,2012. PMID:

22534782. DOI: 10.1093/jnci/djs210

32 Tan B, Yuan Z, Zhang Q, Xigiang X and Dong J: The NF-kB
pathway is critically implicated in the oncogenic phenotype of
human osteosarcoma cells. J Appl Biomed /9(4): 190-201, 2021.
PMID: 34907738. DOI: 10.32725/jab.2021.021

3

—

Received March 12, 2022
Revised April 5, 2022
Accepted April 6, 2022

1143



