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Abstract. Backgorund/Aim: Wogonin, a flavonoid-like
compound extracted from the root of Scutellaria baicalensis
Georgi, has been shown to have anticancer effects against
cancer cells. Osteosarcoma is the most malignant type of
bone cancer and can appear in any bone, with a high
propensity for relapse and metastasis. The present study
aimed to assess the anticancer effects of wogonin on
osteosarcoma stem cells. Materials and Methods: The
cytotoxic effects of wogonin on CD133% Cal72 osteosarcoma
stem cells were assessed through in vitro experiments by
MTT assay, transwell assay, sphere-formation assay, flow
cytometry, immunocytochemistry and western blotting.
Results: Wogonin suppressed stem cell characteristics and
the expression of stem cell-related genes by regulating
reactive oxygen species (ROS) levels and ROS-related
signaling of CDI133% Cal72 cells, effects which were
reversed by ROS scavenger N-acetylcysteine. Conclusion:
Wogonin may be a promising candidate for successful
clinical management of osteosarcoma by regulating ROS-
related mechanisms and stem cell-related genes.
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Osteosarcoma, the most common type of malignant bone
tumor, is most prevalent among children and adolescents and
accounts for 2.4% of pediatric cancer cases (1). It is most
common among the ages of 10-16 years and the second most
common among those aged over 40 years. The tumor is
potentially present in bone marrow and then may grow into
a mass of tumors and can occur in any bone (2). At present,
the first-line treatment for most osteosarcoma involves
surgery with intensive adjuvant chemotherapy (3). However,
many patients still have poor survival due to relapse and
metastasis of osteosarcoma (4).

Cancer stem cells (CSCs) are cancer cells that have
characteristics related to stem cells, such as self-renewal and
differentiation abilities (5). Expression of CSC genes is
known to induce cancer metastasis (6). In particular, it was
reported that osteosarcoma stem cells have a high capacity
for tumor metastasis (2). A pentaspan membrane
glycoprotein, CD133, is one of the most well-known
biomarkers used for the detection of CSCs. It plays an
important role in tumor growth, metastasis, tumorigenesis
and tumor relapse (7). Finding a drug candidate involved in
down-regulating the expression of genes related to
osteosarcoma stem cell behaviour is an urgent need.

Reactive oxygen species (ROS) are forms of active
oxygen and result from cellular metabolism (8). Some
studies have revealed that an increased ROS level reduces
the expression of stemness-related genes in CSCs and this
effect can be reversed by ROS scavengers such as N-
acetylcysteine (NAC) (9, 10).

Wogonin  (5,7-dihydroxy-8-methoxyflavone) is a
flavonoid-like compound that extracted from the root of
Scutellaria baicalensis Georgi (Figure 1A) (11). It is well-
known for diverse biological effects such as anti-
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inflammatory, antioxidant and anticancer effects o various
cell types such as non-small cell lung cancer, prostate cancer
and ovarian cancer. Furthermore, according to some recent
studies, wogonin may be a candidate anticancer drug, with
the virtue of inducing selective apoptosis in cancer cells (12).
Recently, we showed that wogonin has inhibitory effects on
metastasis of cancer by down-regulating the expression of
matrix metallopeptidase 9 in osteosarcoma stem cell (13).
However, the regulatory mechanism underlying the effects
of wogonin on osteosarcoma stem cell stemness is not yet
understood.

In this study, we observed the effects of wogonin on the
stemness of osteosarcoma stem cells and investigated the
possible mechanisms involved in CD133* Cal72 cells.

Materials and Methods

Reagents. Wogonin (98% of purity by high-performance liquid
chromatography) was purchased from Sigma-Aldrich (St. Louis, MO,
USA), dissolved in dimethyl sulfoxide (DMSO) and stored at —20°C.

Cell culture and treatments. CDI133* Cal72 cells (Gibco,
ThermoFisher Scientific, Waltham, MA, USA) were cultured in
Dulbecco’s modified Eagle’s medium (DMEM; Invitrogen,
Carlsbad, CA, USA) containing 10% fetal bovine serum (FBS;
Hyclone, Logan, UT, USA) and 1% penicillin (Invitrogen)
supplemented with 10 ng/ml human epidermal growth factor
(hEGF; Calbiochem, Kenilworth, NJ, USA) and 20 ng/ml basic
fibroblast growth factor (bFGF; KOMA Biotech, Seoul, Republic of
Korea). The cells were maintained in an incubator at 37°C with 5%
CO,. In further experiments, CD133* Cal72 cells were pre-treated
for 1 h with 5 uM N-acetylcysteine (NAC) (Sigma, St. Louis, MO,
USA) prior to exposure to 0, 20, 40 and 80 uM wogonin for 24 h.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) for cytotoxicity and cell proliferation assay. CD133* Cal72
cells were seeded at a density of 1x104 cells/well in 96-well plates
and incubated for 24 h before treatment. Cells were treated with
wogonin with or without pre-treatment with 5 uM NAC for 1 h in
DMEM containing 1% FBS for cytotoxicity assay, or 10% FBS for
24 h for cell proliferation assay. EZ-Cytox (Dogenbio, Seoul,
Republic of Korea) was added to each well, and the plates were
incubated for 1 h at 37°C. The optical density (OD) was then
measured using a scanning multi-well spectrophotometer at a
wavelength of 450 nm.

Western blotting. Lysates from CD133+ Cal72 cells treated with
wogonin with or without NAC were collected in RIPA buffer (150
mM NaCl, 1% Nonidet p-40, 50mM Tris, pH 8.0, and a protease
inhibitor cocktail). From each sample, 30 pg was loaded on a gel
for sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
run in 1x Tris Glycine (T&I, Chuncheon, Republic of Korea). The
proteins were transferred onto a nitrocellulose membrane (Bio-Rad,
Hercules, CA, USA). Western blot was performed with rabbit or
mouse antibodies against survivin (Abcam, Cambridge, MA, USA),
CD133 (Boster Bio, Pleasanton, CA, USA), octamer-binding
transcription factor 3/4 (OCT3/4) (Santa Cruz Biotechnology,
Dallas, TX, USA), protein kinase B (AKT) phospho-AKT (p-AKT),
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extracellular signal-regulated kinase (ERK), p-ERK, signal
transducer and activator of transcription 3 (STAT3), p-STAT3,
peroxiredoxin 2 (PRX2), PRX3, PRXS (AbFrontier, Seoul, Republic
of Korea), NOTCHI1 (Cell Signaling Technology, Danvers, MA,
USA), and MYC (Bioss, Woburn, MA, USA). Specific binding was
detected using a Super Signal chemiluminescent substrate
(ThermoFisher Scientific), according to the manufacturer’s
instructions.

Immunocytochemistry assay for stemness marker CD133. CD133+
Cal72 cells were seeded at a density of 5x104 cells/well in 4-well
plates in growth medium and treated with wogonin (0, 20, 40, 80
uM) for 24 h. The cells were fixed in 3.7% paraformaldehyde for
10 min and incubated in blocking solution (1% bovine serum
albumin) for 1 h at room temperature. The cells were incubated with
primary antibodies against CD133 diluted in blocking buffer
overnight at 4°C and then stained by a fluorescent secondary
antibody, goat anti-rabbit IgG (Santa Cruz Biotechnology) with
phycoerythrin for 2 h at room temperature. Nuclei were stained for
15 min with 2-(4-amidinophenyl)-1H-indole-6-carboxamidine.
Images were captured under an inverted microscope (14).

ROS detection with 2°,7’-dichlorofluorescin diacetate (DCF-DA).
CD133+ Cal72 cells were seeded in 6-well plates in growth medium
and treated with wogonin (0, 20, 40, 80 uM) with or without 5 mM
NAC. After 24 h, cells were incubated with 20 uM DCF-DA in a dish
at 37°C for 20 min then fluorescence imaging and flow cytometry
(BD Biosciences, San Jose, CA, USA) were performed (10, 14).

Sphere-formation assay. CD133+ Cal72 cells were seeded at 2x103
cells/well in 6-well Ultra Low Cluster plates (Corning, New York
City, NY, USA). The cells were cultured with DMEM/F12
(Invitrogen) containing 2% B27 supplement (Invitrogen), 10 ng/ml
hEGF, 20 ng/ml basic fibroblast growth factor (bFGF), and 1%
antibiotics, and treated with wogonin (0, 20, 40, 80 pM) with or
without 5 mM NAC for 7 days (10, 14). The size of spheres was
estimated under a microscope.

Wound-healing assay. CD133* Cal72 cells were seeded at 5x104
cells/well in 96-well and allowed to grow to 98-100% confluence.
Using a wound maker (Essen Bioscience, Ann Arbor, MI, USA), a
linear scratch was made in the cell layer (10, 14). Cells were
washed with 1X phosphate-buffered saline and DMEM containing
wogonin (0, 20, 40, 80 pM) and 0.5% FBS was added.
Photomicrographs were taken of the migrated cells at 0 and 24 h
using the IncuCyte Live-Cell Analysis System (Essen Bioscience).

Transwell migration and Matrigel invasion assays. In vitro
migration and invasion assays were performed using transwell 24-
well chambers (pore size 8 um; Merck Millipore, Darmstadt,
Germany) without (migration) or with (invasion) Matrigel. Briefly,
150 pl of CD133+ Cal72 cell suspensions (1x105 cells/well) were
treated with wogonin (0, 20, 40, 80 uM) in DMEM containing 0.5%
FBS and seeded separately into the upper chambers; the lower
chamber well contained 750 ul of DMEM with 20% FBS. Cells
were then incubated for 48 h at 37°C and with 5% CO,. Non-
invading cells were then removed from the upper chamber, while
invading cells were fixed with 3.7% paraformaldehyde and stained
with 0.1% crystal violet. The cell count was performed under a
microscope (10, 14).
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Figure 1. The effect of wogonin on CD133% Cal72 cell viability and proliferation. Assays revealed a dose-dependent reduction of viability of wogonin-
treated CD133% Cal72 cells. A: Two-dimensional structure of wogonin. B: Cytotoxicity assay. C: Cell proliferation. D: Western blotting showed dose-
dependent reduction of survivin expression as on inhibitor of apoptotic activation. ***Significantly different from control cells at p<0.001.

Data analysis. Statistical analyses were performed using
SPSSv.20.0.1 software (IBM, Armonk, NY, USA). Experimental
differences among treatment groups with values of p<0.05 were
considered statistically significant for the cell viability assay.

Results

Wogonin reduced cell viability and proliferation of CD133*
Cal72 cells. To confirm the cytotoxic effects of wogonin,
cytotoxicity and proliferation MTT assays were performed
after wogonin treatment (0, 20, 40, 80 uM) of CD133* Cal72
cells. The results showed that wogonin treatment
significantly reduced cell viability (Figure 1B) and inhibited
CD133* Cal72 cell growth (Figure 1C). Furthermore,
western blotting showed that wogonin treatment significantly
down-regulated the protein expression of survivin, which is
inhibitor of apoptotic activation (Figure 1D). These data
indicate that wogonin was cytotoxic and suppressed cell
proliferation of CD133* Cal72 cells most likely by inducing
cell death.

Wogonin reduced the stemness, migration, and self-renewal
ability of CDI133% Cal72 cell. To determine whether
wogonin affected the self-renewal ability of CD133* Cal72
cells, sphere-formation assays were performed. As shown in
Figure 2A, the size of spheres was reduced in a dose-
dependent manner, indicating that self-renewal of CD133"
Cal72 cells was inhibited by wogonin treatment. Wound-
healing assay revealed that wogonin suppressed metastasis
as observed by the lower restoral of scratches (Figure 2B).
Transwell assays showed that wogonin treatment also
reduced the migratory and invasive capacities of CD133"
Cal72 cells (Figure 2C and D).

Furthermore, the expression of several cancer stem cell
markers was assessed after wogonin treatment. The results
showed that stem cell markers CD133 and OCT3/4 were
significantly down-regulated by wogonin treatment in a dose-
dependent manner (Figure 2E). The down-regulation of CD133
expression was also confirmed by immunocytochemistry. The
results revealed that wogonin dramatically reduced the
expression of CD133 compared to control cells (Figure 2F).
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Figure 2. Inhibition of CD133* Cal72 showed dose-dependent effects on cell stemness, migration, and self-renewal ability by wogonin treatment. A:
Sphere-formation assay of wogonin on self-renewal. B: Wound-healing assay. C: Transwell migration. D: Transwell invasion assay. E: Western blotting
showed dose-dependent reduction of gene expression related to cancer stem cells. F: Immunocytochemistry assay showed 40 uM wogonin suppressed
CD133 expression of CD133% Cal72 cells. GAPDH_: glyceraldehyde 3-phosphate dehydrogenase; OCT3/4: octamer-binding transcription factor 3/4.

Taken together, these findings show that wogonin
suppressed CD133" Cal72 cell stemness by inhibiting cell
migration, invasion and sphere formation, as well as the
expression of cancer stem cell surface markers.

Effect of wogonin on cellular ROS level and ROS-dependent
signaling in CD133% Cal72 cells. To clarify the effect of
wogonin on cellular ROS level and signaling related to ROS,
CD133* Cal72 cells were treated with wogonin (0, 20, 40
and 80 pM). The cellular ROS level was detected by DCF-
DA staining and measured by flow cytometry (Figure 3A)
and fluorescence microscopy (Figure 3B). The results
showed that wogonin treatment significantly increased the
cellular ROS level in a dose-dependent manner, being
greatest at 80 pM. Furthermore, we also examined the
protein expression level of peroxiredoxins, a family of
antioxidant enzymes reported to be essential in scavenging
intracellular ROS (14, 15). The results showed that wogonin
treatment affected the protein expression of PRX family
members, especially by down-regulating PRXS5, which can
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efficiently eliminate ROS in cytosol and mitochondria (16),
while not markedly affecting PRX2 and PRX3 in CD133*
Cal72 cells (Figure 3C).

The ROS-dependent signaling pathways (17) were also
examined after wogonin treatment. As shown Figure 3D,
wogonin treatment significantly inhibited the phosphorylation
of AKT and STAT3, as well as NOTCHI1 protein expression,
while up-regulating ERK phosphorylation in CD133* Cal72
cells. Together, these data suggest that wogonin induces
cellular ROS and regulates ROS-dependent signaling in
CD133" Cal72 cells.

ROS was involved in wogonin-induced efforts on stemness in
CD133% Cal72 cell. NAC is an efficient cellular ROS
scavenger (18). To clarify the effect of ROS on wogonin-
induced reduction of cell proliferation, CD133* Cal72 cells
were pre-treated with 5 mM of NAC followed by wogonin
treatment. As shown in Figure 4A, NAC pre-treatment
significantly abrogated wogonin-induced inhibition of cell
proliferation and also reversed the wogonin-induced
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Figure 3. Increase of ROS level in CD133% Cal72 cells by wogonin. A and B: 2,7-Dichloro-dihydro-fluorescein diacetate (DCF-DA) assays were
performed to determine the effect of wogonin on the ROS level. C: The effects of wogonin on the expression of peroxiredoxins PRX2, PRX3 and
PRXS5 proteins were detected by western blotting. D: The effects of wogonin on proteins involved in reactive oxygen species (ROS)-dependent
signaling in CD133% Cal72 cells were detected by western blotting. AKT: Protein kinase B; p-AKT: phospho-AKT; ERK: extracellular signal-
regulated kinase; p-ERK: ERK; STAT3: signal transducer and activator of transcription 3, p-STAT3: phospho-STAT3.

accumulation of cellular ROS in CD133* Cal72 cells (Figure
4B). Furthermore, the effect of NAC treatment on single cell
sphere-forming ability was assessed. As shown in Figure 4C,
NAC treatment significantly restored sphere-forming ability
which was inhibited by wogonin treatment in a dose-
dependent manner. We also examined the effect of NAC
treatment on MYC and STAT3 phosphorylation, which are
reported closely related to the maintenance of stem cell
stemness. As shown in Figure 4D, NAC treatment
dramatically reversed the down-regulation of MYC and
STAT3 phosphorylation level induced by wogonin. These
data show ROS is associated with the effects of wogonin on
stemness in CD133* Cal72 cells. NAC suppression of ROS
restored stemness and the ability for self-renewal.

Discussion

CSC properties have been reported in numerous types of tumors
and are considered to be the cause of tumor initiation, self-
renewal, resistance to tumor therapeutics, and metastasis (19).
In this study, we describe the cytotoxic activity of wogonin,
which is a phytochemical extracted from the root of S.
baicalensis Georgi. Wogonin may be helpful for patients with
osteosarcoma by inducing ROS and osteosarcoma stem cell
death. The analysis of in vitro experiments suggests that
wogonin increases the ROS level in cells and inhibits stemness
by regulating ROS-related signaling in osteosarcoma stem cells.

Peroxiredoxins have the ability to protect sensitive proteins
from oxidative damage from ROS (20). PRXs are classified
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Figure 4. Inhibition of reactive oxygen species (ROS) produced by wogonin in CD133% Cal72 cells by pre-treatment with N-acetylcysteine (NAC).
A: Cell proliferation was increased by NAC pre-treatment. B: Flow cytometric assay showed the ROS level was reduced by NAC pre-treatment. C:
Sphere-formation assay showed NAC blocked the effect of wogonin as a suppressor of self-renewal. D: Western blotting showed pre-treatment with
NAC restored expression of myelocytomatosis (MYC) and phosphorylated signal transducer and activator of transcription 3 (pSTAT3). Significantly
different from control cells (Ctrl) at *p<0.05 and ***p<0.001.

as PRX1-6 according to their intracellular region. PRXS in
particular, located within mitochondria, can effectively
remove ROS generated in the mitochondria (21). In the
present study, we showed that wogonin down-regulated the
expression of PRX5 on CD133* Cal72 cells and induced
ROS. The results indicate that PRX5 appears to be a key
player in ROS production in osteosarcoma stem cells.
STATS3 is transcription factor that involved in growth and
metastasis in several types of cancer cell (22, 23). STAT3 is
highly expressed in osteosarcoma and may be a key
molecular target for developing drugs for human
osteosarcoma (24). Furthermore, some studies already
showed that the inhibition of STAT3 led to ROS generation
in human osteosarcoma cells (25). In addition, it has been
reported that activation of ERK signaling is regulated by ROS
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and PRX5 knockdown up-regulated ERK activation related to
activation of dynamin-related protein 1 (26). Our results
suggest that wogonin down-regulates the expression of PRXS
and activates ERK signaling by increasing the ROS level.

It has been reported that MYC and OCT3/4, stem cell-
related genes, have been used to induce the differentiation of
osteosarcoma stem cells (27). CD133, a CSC marker, plays
a pivotal role in tumor growth, metastasis, tumorigenesis and
relapse of cancer (7). It is expected that the reduction of
stemness-related genes, especially of CD133, may be a key
treatment method for the elimination of CSCs. In this study,
we showed that the expression of stemness-related genes was
reduced by wogonin treatment.

In conclusion, our study suggests that wogonin is
cytotoxic to osteosarcoma cells via suppressing stemness by
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regulating ROS-related signaling. Although no in vivo study
was performed here, our in vitro results provide evidence
that wogonin may be a promising candidate for osteosarcoma
therapy, increasing our understanding of the mechanisms
associated with wogonin effects on ROS, especially with
respect to its effects on stemness.
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