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Abstract: Chrysin (ChR) inhibits various cancer cells and possesses anti-inflammatory activities. NF-kB has been 
shown to regulate the expression of genes involved in epithelial-mesenchymal transformation (EMT) by upregulation 
of TWIST1. This study aimed to assess whether ChR can inhibit EMT phenotype and cancer stem-like cell (CSLC) 
features in ovarian cancer cells co-treated with TNF-α and TGF-β. Here, OVCAR-3 cells were co-treated with TNF-α 
and TGF-β in the presence or absence of ChR. Then, the expression levels of E-cadherin, N-cadherin, CD133, CD44, 
NF-κBp65, and TWIST1 were analyzed by western blotting. Wound healing and tumor sphere formation assays were 
performed to assess the migration and sphere-forming capabilities of cells, respectively. Overexpression and/or 
knockdown of NF-κBp65 and/or TWIST1 were used to explore the molecular mechanisms. We showed that ChR 
inhibited EMT and CSLC properties in ovarian cancer cells administered TNF-α after prolonged TGF-β treatment, 
in a dose-dependent manner. Also, knockdown of NF-κBp65 and ChR cooperatively enhanced the inhibition of 
NF-κBp65 and TWIST1 expression, EMT phenotype, and CSLC properties. Conversely, overexpression of NF-κBp65 
antagonized the above-mentioned activities of ChR. Furthermore, TWIST1 silencing or overexpression did not affect 
the ChR treatment effect on NF-κBp65 levels, but it reduced or enhanced EMT and CSLC properties. In conclusion, 
ChR can inhibit a proinflammatory cytokine to induce EMT and CSLC characteristics in OVCAR-3 cells, which may be 
involved in blocking the NF-κB/Twist axis. 
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Introduction

Ovarian cancer is the most frequent cause of 
death among gynecologic malignancies due to 
the absence of an early effective diagnostic 
approach [1-3]. Although the majority of 
patients typically respond well to the first line of 
chemotherapy based on platinum compounds 
and taxanes, the disease mainly enhances 
recurrence and chemoresistance [4]. Reliable 
cures are lacking. Therefore, finding new drugs 
to prevent and treat ovarian cancer is 
important. 

In recent years, cancer stem cells (CSCs) were 
so called because of their self-renewal capabili-
ties; in addition, they can differentiate into mul-

tiple cell lineages and form heterogeneous 
tumors [5, 6]. The existence of ovarian cancer 
stem cells (OCSCs) is one of the fundamental 
drivers of occurrence and recurrence in ovarian 
cancer [7-9]. Epithelial-mesenchymal transition 
(EMT), referring to changes in the cell pheno-
type from an epithelial morphology to a mesen-
chymal morphology, is also tightly associated 
with the gain of CSC nature [10]. A study con-
ducted by Gao et al. revealed that transforming 
growth factor β (TGF-β) isoforms induce EMT- 
independent migration of ovarian cancer cells 
[11]. The nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) has been 
shown to alter the expression of genes involved 
in EMT by upregulating TWIST1 [12]. Research 
performed in our laboratory demonstrated that 
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HeLa cells exposure to TNF-α combined with 
TGF-β could induce EMT and cancer stem cell-
like (CSCL) properties in vitro through the 
NF-κB/Twist axis [13]. However, whether OV- 
CAR-3 cell exposure to TNF-α combined with 
TGF-β can induce EMT and CSCL properties 
has still remained unclear. 

Chrysin (ChR) is a bioactive flavonoid that is 
extensively used [14, 15]. Previous studies 
have shown that ChR exerts strong anti-inflam-
matory, antioxidative, and anticancer effects 
[16, 17], such as inducing apoptosis of human 
ovarian cancer cells [18, 19]. Recent studies 
have reported that ChR and its analogues can 
inhibit the self-renewal capabilities of human 
liver CSCs [20] and cervical CSLCs [21, 22]. 
However, there is lack of literature on regula-
tion of NF-kB/TWIST1 axis in OCSCs by ChR 
treatment. In the present study, we attempted 
to investigate whether ChR can inhibit EMT and 
CSLC features by regulating the NF-kB/Twist 
axis in an inflammatory microenvironment. 

Materials and methods 

Cell culture and treatment 

The OVCAR-3 cells, obtained from the Cell Bank 
of Chinese Academy of Sciences (Shanghai, 
China), were cultured as previously described 
[22]. Cells (2 × 106) were treated with TNF-α 
(10.0 ng/mL, Sino Biological, Beijing, China) 
combined with TGF-β (5.0 ng/mL, Sino 
Biological, Beijing, China) for 24 h, followed by 
TGF-β (5.0 ng/mL) administered for 12 days to 
induce EMT and CSLC features. Aforemention- 
ed cells were treated with ChR (5.0, 10.0, and 
20.0 umol/L, Sigma-Aldrich, St. Louis, MO, 
USA) for 24 h. To explore the underlying mecha-
nisms, OVCAR-3 cells expressing NF-κBp65 
siRNA or NF-KBp65, Twist siRNA, or Twist were 
treated with or without ChR (5.0 umol/L) for 24 
h.

Sphere formation assay

Single cells in serum-free DMEM/F12 (Gibco, 
Grand Island, NY, USA) containing 100 IU/ml 
penicillin (Gibco, Grand Island, NY, USA), 100 
μg/ml streptomycin (Gibco, Grand Island, NY, 
USA), 20 ng/ml hrEGF (PeproTech Inc., Rocky 
Hill, NJ, USA), 20 ng/ml hbFGF (PeproTech Inc., 
Rocky Hill, NJ, USA), 0.2% B27 (Invitrogen, 
Carlsbad, CA, USA), 0.4% bovine serum albu-
min (BSA; Invitrogen, Carlsbad, CA, USA), and 4 

μg/ml insulin (Invitrogen, Carlsbad, CA, USA) at 
103 cells/ml were seeded into ultra-low attach-
ment 24-well plates (Corning Inc., Corning, NY, 
USA). After 8 days of incubation, spheroids 
were counted in order to calculate the sphere-
formation rate by dividing the total number of 
spheres obtained by the live cells seeded, then 
multiplying by one-hundred.

Wound-healing assay 

OVCAR-3 cells were cultured until achieving 
optimal confluency (80-90%). Then, the mono-
layer was gently and slowly scratched with a 
new 100 μL pipette tip across the center of the 
well. The cells were washed twice with phos-
phate buffered saline (PBS), and imaged in the 
same field for analysis at 0 and 24 h, respec-
tively. The cells untreated with combination of 
TNF-α and TGF-β or treated with vehicle were 
used for standardizing the number of migrated 
cells.

Western blot analysis  

Western blot analysis was carried out as previ-
ously described [17]. The primary antibodies 
were used for incubation of membrane with tar-
geted E-cadherin (Cell Signaling Technology, 
Danvers, MA, USA), N-cadherin (Cell Signaling 
Technology, Danvers, MA, USA), CD133 (Abcam, 
Cambridge, UK), CD44 (Abcam, Cambridge, 
UK), NF-KBP65 (Abcam, Cambridge, UK), and 
TWIST1 (Abcam, Cambridge, UK). After blocking 
with 5% (w/v) skim milk for 2 h, the membranes 
were further incubated with appropriate HRP-
conjugated secondary antibodies (Beyotime 
Institute of Biotechnology, Shanghai, China) at 
room temperature for 1 h. Besides, β-actin 
(Santa Cruz Biotechnology, Dallas, TX, USA) 
was used for an internal reference. Immu- 
noreactive bands were revealed by enhanced 
chemiluminescence (Amersham Pharmacia 
Biotech, Piscataway, NJ, USA). The results were 
visualized by using an enhanced chemilumines-
cence detection system (Ranon GIS-2008, 
Tanon Science & Technology Co., Ltd., Shang- 
hai, China). The results of western blot analy- 
sis were scanned and semi-quantitated using 
Image Pro-Plus 6.0 software (Media Cyber- 
netics, Rockville, MD, USA). 

Plasmids and transfections 

Here, NF-κBp65 siRNA, Twsit1 siRNA, and 
Control siRNA were supplied by Invitrogen 
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Figure 1. Co-treatment of TGF-β and TNF-α contributes to EMT and CSLC features in OVCAR-3 cells. OVCAR-3 cells co-treated with TNF-α and TGF-β displayed mes-
enchymal morphology (A, magnification of 20 ×), enhanced self-renewal (B), and migration (C) capabilities, reduced E-cadherin, and elevated N-cadherin levels (D), 
upregulated CD133 and CD44 (E), as well as upregulated NF-κBp65 and TWIST1 (F). *P < 0.05, vs. untreated cells; #P < 0.05, vs. treated cells with TGF-β alone.
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(Carlsbad, CA, USA). The sequences of the  
antisense oligodeoxynucleotides were 5’-GC- 
CTTAATAGTAGGGTAAGTT-3’ for NF-κBp65 and 
5’-GCATTCTGATAGAAGTCTGAA-3’ for TWIST1. 
The corresponding nonsense sequences used 
as a control were 5’-UUCUCCGAACGUGUCAC- 
GUTT-3’ and 5’-ATUATTUAACAAUATUUATTUCA- 
CUC-3’, respectively. Besides, PcDNA3.1-LacZ, 
pcDNA3.1-NF-κBp65, and pcDNA3.1-Twsit1 pl- 
asmid were purchased from RiboBio (Guang- 
zhou, China). In this study, OVCAR-3 cells (1 × 
105) were transfected with NF-κBp65 siRNA, 
pcDNA3.1-NF-κBp65, Twsit1 siRNA, and pc- 
DNA3.1-Twsit1, respectively, using Lipofecta- 
mine 2000 (Invitrogen, Carlsbad, CA, USA) 
according to manufacturer’s instructions.

Statistical analysis 

Data were analyzed by using SPSS 20.0 soft-
ware (IBM, Armonk, NY, USA). At least three 
independent experiments were performed, and 
data were presented as mean ± standard devi-
ation (SD). Comparisons between groups for 
statistical significance were carried out with a 
two-tailed Student’s t-test. The differences 
between multiple groups were analyzed by one-
way analysis of variance (ANOVA) followed by 
Tukey’s post-hoc test. P < 0.05 was considered 
significant. 

Results

Co-treatment with TNF-α and TGF-β promotes 
EMT and CSLC features in OVCAR-3 cells 

To explore whether TNF-α and/or TGF-β can 
promote EMT and CSLC features in ovarian 
cancer, OVCAR-3 cells were exposed to TGF-β 
alone or TNF-α plus TGF-β. As expected, TGF-β 
alone or in combination with TNF-α induced 
EMT, which was reflected by a spindle-like phe-
notype (Figure 1A). Our results demonstrated 
that proinflammatory cytokines jointly incr- 
eased the sphere-forming (Figure 1B) and 
migration capabilities (Figure 1C) of OVCAR-3 
cells. Figure 1D-F shows that TGF-β and/or 
TNF-α decreased the expression of E-cadherin, 
and augmented the expression of N-cadherin, 
CD133, CD44, NF-KBp65, and Twist. These 
results indicated that co-treatment with TNF-α 
and TGF-β could induce EMT and CSLC charac-
teristics of OVCAR-3 cells; therefore, this combi-
nation was used for subsequent experiments 
to induce CSLC features.

ChR inhibits EMT and CSLC features in OV-
CAR-3 cells co-treated with TNF-α and TGF-β 

To assess the effect of ChR on EMT and CSLC 
features in OVCAR-3 cells, the OVCAR-3 cells 
co-treated with TNF-α and TGF-β were exposed 
to ChR. As shown in Figure 2A, ChR could 
reverse the morphological changes of EMT. The 
sphere-forming and wound-healing assays 
revealed that ChR suppressed the self-renewal 
and migration abilities of OVCAR-3 cells co-
treated with TNF-α and TGF-β, in a dose-depen-
dent manner (Figure 2B and 2C). In addition, 
ChR upregulated the expression of E-cadherin 
and downregulated the expression of N-cad- 
herin, CD133, and CD44 at the protein level in 
a dose-dependent manner (Figure 2D and 2E). 
Furthermore, compared with untreated cells, 
ChR significantly decreased the increase of 
NF-κBp65 and Twist protein levels (Figure 2F) 
after co-administration of TNF-α with TGF-β. 
These results indicated that ChR could inhibit 
EMT and CSLC features in OVCAR-3 cells co-
treated with TNF-α and TGF-β. 

Knockdown of NF-KBp65 cooperatively in-
creased the inhibitory effects of ChR on EMT 
and CSLC features in OVCAR-3 cells co-treated 
with TNF-α and TGF-β  

To assess the role of NF-KBp65 expression in 
ChR on inhibiting EMT and CSLC features, 
OVCAR-3 cells expressing NF-κBp65 siRNA 
exposed to combination of TNF-α and TGF-β 
were treated with ChR. Figure 3A shows that 
knockdown of NF-KBp65 and ChR cooperative-
ly reversed the morphological changes of EMT. 
Furthermore, sphere-formation and wound-
healing assays revealed that knockdown of 
NF-KBp65 combined with ChR cooperatively 
decreased the self-renewal and migration abili-
ties (Figure 3B and 3C). Figure 3D-F shows that 
knockdown of NF-KBp65 and ChR cooperative-
ly upregulated E-cadherin and downregulated 
N-cadherin, CD133, CD44, NF-κBp65, and 
Twist at the protein level. These results sug-
gested that ChR could inhibit EMT and CSLC 
features in OVCAR-3 cells co-treated with TNF-α 
and TGF-β, likely by downregulation of NF-κBp65 
expression. 

Knockdown of TWIST1 enhanced the inhibitory 
effects of ChR on EMT and CSLC features in 
OVCAR-3 cells co-treated with TNF-α and TGF-β 

OVCAR-3 cells expressing TWIST1 siRNA were 
treated with combination of TGF-β and TNF-α 
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Figure 2. Effect of ChR on EMT and CSLC features in OVCAR-3 cells induced by TNF-α combined with TGF-β. OVCAR-3 cells co-treated with TNF-α and TGF-β were also 
treated with or without ChR. Reversed mesenchymal morphology (A, magnification of 20 ×), inhibited cell self-renewal (B) and migration (C) capabilities, regulated 
E-cadherin and N-cadherin (D), downregulated CD133, CD44 (E), and also downregulated NF-κBp65 and TWIST1 (F) at the protein level are shown. *P < 0.05, vs. 
0.1% DMSO treatment; #P < 0.05, vs. ChR (5.0 μmol/L) treatment.
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Figure 3. Effects of knockdown of NF-κBp65 on ChR associated with inhibition of EMT and CSLC features in OVCAR-3 cells induced by co-treatment of TGF-β and 
TNF-α. OVCAR-3 cells expressing NF-κBp65 siRNA with co-treatment of TNF-α and TGF-β were incubated with or without ChR (5.0 μmol/L). Then, cell morphology 
(A, magnification of 20 ×), self-renewal (B), and migration (C) capabilities, E-cadherin and N-cadherin protein levels (D), and the protein expression levels of CD133 
and CD44 (E), as well as NF-κBp65 and TWIST1 protein levels (F) were assessed. Control siRNA represents the cells transfected with the scrambled siRNA, and NF-
κBp65 siRNA demonstrates the cells transfected with NF-κBp65 siRNA. *P < 0.05 vs. control siRNA; #P < 0.05 vs. control siRNA with ChR (5.0 μmol/L) treatment.
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Figure 4. Effects of knockdown of TWIST1 on ChR associated with inhibition of EMT and CSLC features in OVCAR-3 cells induced by co-treatment of TGF-β and TNF-α. 
OVCAR-3 cells expressing TWIST1 siRNA co-treated with TNF-α and TGF-β were incubated with or without ChR (5.0 μmol/L). Then, cell morphology (A, magnification 
of 20 ×), self-renewal (B) and migration (C) capabilities, E-cadherin and N-cadherin protein levels (D), and the protein expression levels of CD133 and CD44 (E), as 
well as NF-κBp65 and TWIST1 protein levels (F) were evaluated. Control siRNA represents the cells transfected with scrambled siRNA, and TWIST1 siRNA demon-
strates the cells transfected with TWIST1 siRNA. *P < 0.05 vs. control siRNA; #P < 0.05 vs. control siRNA with ChR (5.0 μmol/L) treatment. 
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Figure 5. Effects of NF-κBp65 overexpression on ChR associated with inhibition of EMT and CSLC features in OVCAR-3 cells induced by co-treatment of TGF-β and 
TNF-α. OVCAR-3 cells expressing NF-κBp65 co-treated with TNF-α and TGF-β were incubated with or without ChR (5.0 μmol/L). Then, cell morphology (A, magnifica-
tion of 20 ×), self-renewal (B) and migration (C) capabilities, E-cadherin and N-cadherin protein levels (D), and the protein expression levels of CD133 and CD44 
(E), as well as NF-κBp65 and TWIST1 protein levels (F) were investigated. pcDNA3.1-LacZ represents the cells transfected with pcDNA3.1-LacZ plasmids, and 
pcDNA3.1-NF-κB demonstrates the cells transfected with pcDNA3.1-NF-κB plasmids. *P < 0.05 vs. pcDNA3.1-LacZ; #P < 0.05 vs. pcDNA3.1-LacZ with ChR (5.0 
μmol/L) treatment.
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with or without ChR to explore whether the 
inhibitory effects of ChR on EMT and CSLC fea-
tures are involved in NF-κB/Twist signaling. 
Figure 4A shows that knockdown of TWIST1 
and ChR reversed the morphological changes 
of EMT. Sphere-formation and wound-healing 
assays revealed that knockdown of TWIST1 
and ChR cooperatively decreased the sphere-
forming and migration abilities (Figure 4B and 
4C). Figure 4D-F shows that knockdown of 
TWIST1 cooperated with ChR to upregulate 
E-cadherin and downregulate N-cadherin, CD- 
133, CD44, and TWIST1 at the protein level. 
However, it did not affect the expression of 
NF-κBp65. These results suggest that inhibito-
ry effects of ChR on EMT and CSLC features in 
OVCAR-3 cells co-treated with TNF-α and TGF-β 
may be mediated by the NF-κB/TWIST1 signal-
ing axis.

Overexpression of NF-κBp65 attenuates the 
inhibitory effects of ChR on EMT and CSLC fea-
tures in OVCAR-3 cells co-treated with TNF-α 
and TGF-β

To further confirm that the inhibitory effects of 
ChR on EMT and CSLC features may require 
downregulation of NF-κBp65 expression, OVC- 
AR-3 cells overexpressing NF-κBp65 co-treated 
with TNF-α and TGF-β were also treated with 
ChR. As shown in Figure 5A, overexpression of 
NF-κBp65 attenuated ChR associated with 
reversal of morphological changes of EMT. 
Meanwhile, sphere-formation and wound-heal-
ing assays demonstrated that overexpression 
of NF-κBp65 diminished ChR-associated re- 
duction of sphere-forming and migration abili-
ties (Figure 5B and 5C). Figure 5D-F shows  
that overexpression of NF-κBp65 reduced ChR 
associated with upregulation of E-cadherin and 
downregulation of N-cadherin, CD133, CD44, 
NF-κBp65, and TWIST1 at the protein level. The 
findings indicated that ChR-associated inhibi-
tion of EMT and CSLC features in OVCAR-3 cells 
co-treated with TNF-α and TGF-β may require 
regulation of NF-κBp65 expression.

TWIST1 overexpression antagonized the ef-
fects of ChR on the EMT and CSLC features in 
OVCAR-3 cells co-treated with TNF-α and TGF-β  

To further assess whether the inhibitory effects 
of ChR on EMT and CSLC features may involve 
NF-κB/TWIST1 signaling, OVCAR-3 cells expre- 
ssing TWIST1 co-treated with TNF-α and TGF-β 

were incubated with ChR. Figure 6A shows that 
overexpression of TWIST1 attenuated ChR-
associated reversal of morphologic changes of 
EMT. Sphere-formation and wound-healing 
assays demonstrated that TWIST1 overexpres-
sion diminished ChR-associated inhibition of 
sphere-forming and migration abilities (Figure 
6B and 6C). Figure 6D-F shows that overex-
pression of TWIST1 reduced ChR associated 
with upregulation of E-cadherin as well as 
downregulation of N-cadherin, CD133, CD44, 
and TWIST1 at the protein level. However, 
expression of NF-κBp65 was not affected. 
These results indicated that ChR-associated 
inhibition of EMT and CSLC features in OVCAR-
3 cells co-treated with TNF-α and TGF-β may 
involve the NF-κB/TWIST1 signaling axis.

Discussion

We recently reported that TNF-α in combination 
with TGF-Β could promote EMT and CSLC prop-
erties of HeLa cells through NF-κB/Twist signal-
ing [13]. In the present study, a chronic inflam-
mation model for co-administration of TNF-α 
with prolonged exposure to TGF-β conferred the 
EMT phenotype and CSLC features by up-regu-
lation of NF-κBp65 and TWIST1 expression in 
OVCAR-3 cells. The results prove that chronic 
inflammation is critical for tumor progression in 
several malignancies, including ovarian cancer. 
Furthermore, we first indicated that ChR could 
inhibit EMT and CSLC characteristics of ovarian 
cancer cells, which is involved in blocking the 
NF-κB/Twist axis, demonstrating the potential 
of ChR on chemoprevention and treatment of 
human ovarian cancer in an inflammatory 
microenvironment.

Several studies revealed the metastatic nature 
and carcinogenesis of tumors induced by proin-
flammatory cytokines [23, 24]. EMT is an impor-
tant step in the invasion and metastasis of can-
cer. During the EMT process, cancer cells with 
epithelial features transform into malignant 
cells with mesenchymal features through the 
alternation of cellular polarity and adhesion 
[25]. Our results confirmed that co-administra-
tion of TNF-α with prolonged exposure to TGF-β 
synchronously led to the acquisition of EMT 
phenotype and OCSLC properties in OVCAR-3 
cells.

ChR has extensive biological activities, such  
as antioxidant, anti-inflammatory, antimicrobi-
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Figure 6. Effects of TWIST1 overexpression on ChR associated with inhibition of EMT and CSLC features in OVCAR-3 cells.  Cells wereinduced by co-treatment of 
TGF-β and TNF-α. OVCAR-3 cells expressing TWIST1 co-treated with TNF-α and TGF-β were incubated with or without ChR (5.0 μmol/L). Then, cell morphology (A, 
magnification of 20 ×), self-renewal (B) and migration (C) capabilities, E-cadherin and N-cadherin protein levels (D), and the protein expression levels of CD133 and 
CD44 (E), as well as NF-KBp65 and TWIST1 protein levels (F) were assessed. In addition, pcDNA3.1-LacZ demonstrates the cells transfected with pcDNA3.1-LacZ 
plasmids, and pcDNA3.1-TWIST1 represents the cells transfected with pcDNA3.1-TWIST1 plasmids. *P < 0.05 vs. pcDNA3.1-LacZ; #P < 0.05 vs. pcDNA3.1-LacZ with 
ChR (5.0 μmol/L) treatment. 
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al, anti-allergic, and anti-tumor effects [15, 26, 
27]. In this study, we showed that ChR dose-
dependently suppressed EMT and CSLC  
features, and downregulated NF-κBp65 and 
TWIST1 in OVCAR-3 cells co-treated with TNF-α 
and TGF-β. These findings suggest that the mul-
tiple biological activities of ChR in inflamma-
tion-associated ovarian cancer may be involved 
in regulating the NF-κB/Twist axis, raising the 
rationale for chemopreventive activities of ChR 
in inflammation-associated cancers. 

It has been shown that a proinflammatory cyto-
kine associated with EMT requires NF-κB to 
upregulate TWIST1 expression [28]. In this 
study, NF-κBp65 silencing or overexpression 
accordingly altered TWIST1 protein level, and 
increased or attenuated the effects of ChR. 
TWIST1 silencing or overexpression did not 
affect NF-κBp65 expression, and it promoted 
or reduced the effects of ChR. These results 
provided reliable evidence that NF-KB is locat-
ed upstream of TWIST1. 

In conclusion, the present study shows for the 
first time that ChR can inhibit proinflammatory 
cytokine-induced EMT and CSLC characteris-
tics in OVCAR-3 cells, and its mechanism may 
regulate the NF-κB/Twist axis. This study sup-
ports the use of ChR for chemoprevention and 
treatment of ovarian cancer. 
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