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Combined Effects of Baicalein and Docetaxel on Apoptosis 
in 8505c Anaplastic Thyroid Cancer Cells via 
Downregulation of the ERK and Akt/mTOR Pathways
Chan Ho Park*, Se Eun Han*, Il Seong Nam-Goong, Young Il Kim, Eun Sook Kim

Department of Internal Medicine, Ulsan University Hospital, University of Ulsan College of Medicine, Ulsan, Korea

Background: Anaplastic thyroid cancer (ATC) is one of the most lethal human malignancies. Docetaxel, a microtubule stabilizer, is 
a common chemotherapeutic agent used to treat various metastatic cancers. However, prolonged use results in various side effects 
and drug resistance. Flavonoids, such as baicalein, are accepted chemotherapeutic and dietary chemopreventive agents with many 
advantages, such as greater accessibility, affordability, and lower toxicity, compared with traditional chemotherapy agents. In this 
study, we evaluated whether baicalein enhances the effects of docetaxel on apoptosis and metastasis in 8505c ATC cells.
Methods: The 8505c cells were treated with baicalein or docetaxel individually and in combination. Cell viability was measured by MTT 
(thiazolyl blue tetrazolium bromide) assay, and apoptosis was detected by fluorescence microscopy of Hoechst-stained cells. The expres-
sion of apoptotic (Bax and caspase-3), anti-apoptotic (Bcl-2), angiogenic (vascular endothelial growth factor [VEGF], transforming 
growth factor β [TGF-β], E-cadherin, and N-cadherin), and signaling (extracellular signal-regulated kinase [ERK] mitogen activated pro-
tein kinase [MAPK], Akt, and mammalian target of rapamycin [mTOR]) proteins was determined by Western blot analysis. 
Results: The combination of baicalein (50 or 100 μM) and docetaxel (10 nM) significantly inhibited proliferation and induced apop-
tosis compared with monotherapies. The combination treatment significantly inhibited the expression of Bax, caspase-3, VEGF, 
TGF-β1, E-cadherin, N-cadherin, and mTOR, but decreased the expression of Bcl-2 and significantly decreased the phosphorylation 
of ERK and Akt. 
Conclusion: The combination of baicalein and docetaxel effectively induced apoptosis and inhibited metastasis in 8505c cells 
through downregulation of apoptotic and angiogenic protein expression and blocking of the ERK and Akt/mTOR pathways in 8505c 
cells. These results suggest that baicalein enhances the anticancer effects of docetaxel in ATC.
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INTRODUCTION

Thyroid cancer is one of the most common endocrine malignan-

cies in South Korea. Malignant thyroid cancer can be classified 
into three types: differentiated thyroid cancer, such as papillary 
thyroid cancer, follicular thyroid cancer, medullary thyroid can-
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cer, and anaplastic thyroid cancer (ATC) [1]. ATC, an undiffer-
entiated cancer, is one of the most lethal human malignancies; 
owing to poor differentiation, it has a tendency to invade to the 
surrounding tissues, such as the trachea [2]. Different treatment 
methods are available depending on the type and the stage of 
the cancer: surgery, radioactive iodine treatment, thyroid hor-
mone therapy, external beam radiation therapy, chemotherapy, 
and targeted therapy [3]. Two or more of these options can be 
combined to enhance therapeutic capability. However, the use 
of chemotherapy could lead to various side effects, which are 
dependent on the type and dose of drugs, and may cause cardio-
vascular disease through an accumulation of cardiac toxicity [4]. 
Therefore, as the cancer must still be treated, the use of natural 
sources of anticancer agents has emerged as a popular trend [5]. 

Over the past decade, epidemiologic and preclinical evidence 
has indicated that polyphenolic phytochemicals present in many 
herbs possess chemopreventive properties against several can-
cer types. Thus, there has been an increase in interest in poten-
tial chemopreventive agents obtained from natural sources such 
as polyphenols, which may represent a new and affordable ap-
proach to limit the global cancer burden [6]. Many researchers 
have also investigated the combined application of anticancer 
drugs and phytochemicals in an attempt to overcome drug resis-
tance and reduce the side effects of chemotherapy [7,8]. 

Baicalein (5, 6, 7-trihydroxyflavone) is a bioactive flavone 
that was originally isolated from the roots of Scutellaria ba-
icalensis Georgi (Labiatae). Traditionally, it has been used for 
the treatment of inflammatory diseases [9]. Various biological 
activities of baicalein have been established, including antican-
cer activity in pancreatic cancer [10], ovarian cancer [11], and 
gastric cancer [12]; induction of cancer cell apoptosis and cell 
cycle arrest; and inhibition of angiogenesis, metastasis, and in-
flammation [13,14]. It was recently reported that the combined 
therapy of baicalein and taxol promoted mitochondrially medi-
ated cell apoptosis in ovarian cancer cells [15]. Thus, baicalein 
is considered to possess great potential for the treatment and 
prevention of cancer without the induction of severe side ef-
fects.

In the present study, we investigated the effects of these com-
pounds on apoptosis and proliferation in ATC cells and exam-
ined the molecular mechanism of the anticancer effects through 
an analysis of the regulation of apoptotic and metastatic proteins 
and the extracellular signal-regulated kinase (ERK) pathway 
and Akt/mammalian target of rapamycin (mTOR) pathway.

METHODS

Chemicals 
Baicalein, dimethyl sulfoxide (DMSO), docetaxel, anti-β-actin 
monoclonal antibody (mAb), and MTT (thiazolyl blue tetrazoli-
um bromide) were purchased from Sigma Aldrich (St Louis, 
MO, USA). The anti-Bax, -Bcl-2, -caspase-3, -cleaved cas-
pase-3, and -transforming growth factor β (TGF-β) mAbs were 
purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 
USA). The anti-mTOR, -E-cadherin, -N-cadherin, -ERK, -phos-
pho-ERK, -Akt, and -phospho-Akt mAbs were purchased from 
Cell Signaling Technologies (Boston, MA, USA). The anti-vas-
cular endothelial growth factor (VEGF) mAb was purchased 
from Novus Biologicals (Littleton, CO, USA). The horseradish 
peroxidase (HRP)-conjugated goat-anti-rabbit-immunoglobulin 
G (IgG) and goat-anti-mouse-IgG secondary antibodies were 
purchased from Bio-Rad (Hercules, CA, USA). Radioimmuno-
precipitation assay (RIPA) buffer was from Thermo Scientific 
Co. (Rockford, IL, USA), 1× Protease Inhibitor Cocktail Kits 
(tissue 2 perfect) was from Quartett (Berlin, Germany), and 
Xpert phosphatase inhibitor was from Gendepot (Barker, TX, 
USA). The nitrocellulose (NC) membrane and ClarityTM en-
hanced chemiluminescence (ECL) Western blotting substrate 
were purchased from Bio-Rad. 

Cell culture
The human ATC cell line (DSMZ, Braunschweig, German), 
8505c cells bearing the p53 gene mutation, was supplied by Pro-
fessor W.B. Kim at the Department of Endocrinology, Asan 
Medical Center, University of Ulsan College of Medicine, Seoul, 
Korea, and cultured in RPMI-1640 medium (Corning, Manas-
sas, VA, USA) supplemented with 10% FBS (Thermo Fisher 
Scientific, Waltham, MA USA) and 1% penicillin/streptomycin 
solution (10,000 U/mL, Thermo Fisher Scientific). The cells 
were maintained in a humid atmosphere with 5% CO2 at 37°C.

Cell viability assay
The cell viability was measured by the MTT assay. First, the 
cells were cultured onto 24-well plates to maintain the popula-
tion (1×106/mL/well), treated with baicalein (0, 10, 20, 50, and 
100 μM) and/or docetaxel (10 nM) sequentially, and then incu-
bated in a humid atmosphere with 5% CO2 at 37°C for 24 or 48 
hours. To determine the influence of baicalein on medium in the 
absence of cells, RPMI-1640 with or without 10% serum was 
added onto 24-well plates. After each incubation period, the me-
dium was replaced with 50 μL of MTT solution (5 mg/mL) and 
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incubated for 4 hours. The reaction was stopped by the removal 
of the MTT solution, after which DMSO was added into each 
well and incubated for 15 minutes at room temperature (RT) 
with shaking. The solubilized purple formazan crystals were 
transferred into 96-well plates (100 μL/well) and the colorimet-
ric reaction was evaluated through the measurement of optical 
density by using a microplate reader (UVM, Cambridge, UK) at 
570 nm. The cell viability was calculated relative a control sam-
ple of normal cells. To assess drug synergy [16], the combina-
tion index was calculated as the Bliss independence model de-
scribed by the equation CI=(EA+EB–[EA×EB])/EAB; where CI is 
the combination index, EA is the effect of the drug A (baicalein), 
EB is the effect of drug B (docetaxel), and EAB is the combined 
effect of A and B.

Hoechst staining
The cells were cultured in glass dishes (SPL Life Science, Po-
cheon, Korea) and treated with baicalein (0, 20, 50, and 100 
μM) and/or docetaxel (10 nM) for 24 hours. After incubation, 
the cells were washed three times with 1× phosphate buffered 
saline (PBS) and then incubated with Hoechst 33342 Solution 
(Thermo Fisher Scientific) for 15 minutes. The stained cells 
were washed again three times with 1× PBS three times and 
observed by using a fluorescent microscope (Leica, Wetzlar, 
Germany).

Western blotting
The cells were treated with baicalein (0, 20, 50, and 100 μM) 
and/or docetaxel (10 nM) for 24 hours, harvested, and lysed for 
total protein isolation by using RIPA Lysis and Extraction Buf-
fer (Thermo Fisher Scientific) including 1× protease inhibitor 
cocktail tissue 2 perfect and Xpert phosphatase inhibitor (Gen-
DEPOT, Barker, TX, USA). The cell debris was removed by 
centrifugation (Micro 171TR, Hanil Scientific Inc., Gimpo, Ko-
rea) at 16,000 ×g for 20 minutes at 4°C. The protein lysate was 
loaded onto 10% SDS polyacrylamide gels and separated by 
electrophoresis (Bio-Rad). The proteins were transferred onto 
0.2 μm-NC membranes (Bio-Rad), which were blocked by in-
cubation in 5% skim milk dissolved in 1× TBS-T (10 mM Tris 
base, 100 mM NaCl, and 0.05% Tween-20) for 1 hour at RT. 
Subsequently, the membranes were incubated with each of the 
primary monoclonal antibodies overnight at 4°C, washed five 
times with 1× TBS-T for 5 minutes, and then incubated with 
source-matched anti-rabbit or anti-mouse secondary mAbs in 
5% skim milk for 2 hours at RT. The membranes were again 
washed five times with 1× TBS-T for 5 minutes, developed by 

the addition of ECL solution, and analyzed by Image Lab Soft-
ware for PC version 5.2.1. (Bio-Rad Image Systems, Hercules, 
CA, USA). To evaluate the relative protein expression levels, 
the intensity of the bands of Bax, Bcl-2, caspase-3, cleaved cas-
pase-3, VEGF, TGF-β1, E-cadherin, N-cadherin, and mTOR 
were compared with those of actin. The phosphorylated forms 
of ERK1/2 (Thr202/Tyr204) and Akt (Ser473) were quantified 
in relation to their total forms. The band intensity was quantified 
using Image J version 1.47 (NIH, Bethesda, MD, USA).

Statistical analysis
All experimental data were expressed as the mean±standard 
deviation (SD) computed by GraphPad Prism 5.0 (GraphPad 
Software, La Jolla, CA, USA). Statistical analyses were com-
puted by using GraphPad Prism 5.0 (GraphPad Software). The 
comparison between each group was conducted by Student  
t test and one-way analysis of variance, with P<0.05 considered 
statistically significant.

RESULTS

Combined effects of baicalein and docetaxel on cell viability
To determine the combined effects and efficacious concentra-
tions, different concentrations of baicalein (10, 20, 50, 100, and 
200 μM) and docetaxel (2, 5, 10, 20, and 50 nM) were applied 
individually or in combination to 8505c cells for 24 and 48 
hours. For the individual treatments, we found significant con-
centration-dependent cytotoxicity after 24 hours (Fig. 1A, B) 
and 48 hours (Fig. 1C, D) for treatment with baicalein (Fig. 1A, 
C) and docetaxel (5, 10, 20, and 50 nM) (Fig. 1B, D). The com-
bined treatment with baicalein (20, 50, and 100 μM) and 
docetaxel (10 nM) decreased proliferation to a much greater ex-
tent compared with normal cells or docetaxel alone after 24 
hours (Fig. 1E) and 48 hours (Fig. 1F). The potential reduction 
of MTT by baicalein in culture medium with 10% FBS or with-
out was shown to not affect the measured MTT reduction (data 
not shown). Based on these results, we used baicalein at 20, 50, 
and 100 μM and/or docetaxel at 10 nM to investigate the com-
bined effects of the two drugs. Additionally, the combination in-
dex for drug synergy showed a significant difference with the 
combination of baicalein (50 and 100 μM) and docetaxel (2 
nM) for 48 hours by Bliss independence calculation, but not for 
24 hours (Supplemental Fig. S1).

Combined effects of baicalein and docetaxel on apoptosis
To evaluate the combined effects of baicalein and docetaxel on 
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the apoptosis, 8505c cells were treated with baicalein (20, 50, 
and 100 μM) and docetaxel (10 nM) individually or in combi-
nation for 24 hours and then stained with Hoechst. Fluorescence 
microscopy analysis indicated that the treatment with baicalein 
increased nuclear fragmentation and decreased cell viability in a 
concentration-dependent manner (Fig. 2Aa-d); however, the 
combined treatment of baicalein and docetaxel appeared to in-
crease apoptosis more than baicalein or docetaxel alone (Fig. 
2Ae-h). 

We therefore evaluated the expression of the pro-apoptotic 
proteins Bax, caspase-3, and cleaved caspase-3 and the anti-
apoptotic protein Bcl-2 in 8505c cells by Western blotting anal-
ysis. The combined treatment with baicalein at 50 and 100 μM 
and docetaxel at 10 nM significantly increased the expression of 
Bax (Fig. 2B, D), caspase-3 (Fig. 2B, E), and cleaved caspase-3 
(Fig. 2B, F) compared with normal cells or treatment with 
docetaxel alone. Additionally, the combined treatment with ba-
icalein at 100 μM significantly inhibited Bcl-2 expression com-
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pared with normal cells or docetaxel alone (Fig. 2C, G). These 
results indicate that baicalein enhances docetaxel-induced apop-
tosis in 8505c cells. 

Combined effects of baicalein and docetaxel on the 
expression of metastasis-related proteins
To evaluate the combined effects of combined treatment with 

baicalein and docetaxel on metastasis in ATC cells, 8505c cells 
were treated with baicalein (10, 20, and 50 μM) and docetaxel 
(10 nM) individually or in combination for 24 hours. The ex-
pression of angiogenic proteins, such as VEGF and TGF-β, and 
invasion proteins, such as E-cadherin and N-cadherin, was de-
termined by Western blotting analysis. As shown in Fig. 3, the 
combined treatment with baicalein at 100 μM and docetaxel 
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significantly decreased the expression of VEGF (Fig. 3A, B), 
TGF-β (Fig. 3A, C), E-cadherin (Fig. 3D, E), and N-cadherin 
(Fig. 3D, F) compared with normal cells or treatment with 
docetaxel alone. These results indicate that the combined treat-
ment with baicalein and docetaxel has an inhibitory effect on 
metastasis through downregulation of angiogenesis-regulating 
proteins in 8505c cells.

Combined effects of baicalein and docetaxel on apoptosis/
metastasis signaling
To clarify the mechanism of action of the combined effects of 

baicalein and docetaxel on apoptosis and metastasis in ATC, 
8505c cells were treated with baicalein (20, 50, and 100 μM) 
and docetaxel (10 nM) individually or in combination for 24 
hours. The expression of mTOR and the phosphorylation of 
ERK and Akt were analyzed by Western blotting. The expres-
sion of mTOR protein was significantly inhibited by the com-
bined treatment with baicalein at 100 μM and docetaxel com-
pared with control cells or docetaxel treatment alone (Fig. 4A, 
C). The phosphorylation of ERK (Fig. 4B, D) and Akt (Fig. 4B, 
E) was significantly decreased by the combination treatment 
with baicalein at 100 μM and docetaxel compared with control 
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cells or docetaxel treatment alone. These results indicate that 
baicalein enhanced the induction of docetaxel-induced apopto-
sis and metastasis in 8505c cells through inhibition of the ERK 
pathway and Akt/mTOR pathway.

DISCUSSION 

The best management practices for anaplastic thyroid cancer in-
clude palliative surgeries to reduce the disease burden, followed 
by either radiotherapy or chemotherapy (or both) to help to pre-
vent tumor progression and further distant metastases [3]. It has 
been reported that combination chemotherapy of ATC with 
bleomycin, doxorubicin, and cisplatin resulted in a response rate 
of 40% in advanced thyroid cancer, providing considerable pal-
liative effects, and that the use of taxanes resulted in an overall 
response rate of 53% in patients with advanced cancer who 
were treated with a 96-hour infusion of paclitaxel [17]. System-
ic chemotherapy is best employed in a clinical trial; in addition, 
radiotherapy may help improve survival, depending on the ex-
tent of disease [3]. 

Docetaxel (Taxotere) is an antineoplastic or a cytotoxic che-
motherapy drug used to treat different types of cancers, includ-
ing breast, lung, stomach, head and neck, and metastatic pros-
tate cancer. It is classified as a plant alkaloid, a taxane, and an 
antimicrotubule agent. Its use results in side effects, such as low 
white blood cell count, red blood cell count, and platelet count; 
vomiting; muscle, bone, and joint pain; and peripheral neuropa-
thy [17]. Although docetaxel is also used to treat ATC, there is 
no standard chemotherapy regimen; the treatment is largely lim-
ited to palliative effects. Accordingly, many researchers are 
seeking natural sources that replace synthetic drugs.

Flavonoids are polyphenolic compounds commonly found as 
constituents of flowering plants, particularly of food or medici-
nal plants [18]. They are now accepted as chemotherapeutic and 
dietary chemoprevention agents with various anticancer effects, 
such as cell growth and kinase activity inhibition, apoptosis in-
duction, suppression of matrix metalloproteinase release, and 
reduction of tumor invasive behavior [18,19]. These natural 
compounds are thought to have many advantages, such as better 
accessibility and affordability, in addition to lower toxicity in 
comparison with classical chemotherapy agents. Baicalein, a 
flavone, is one of the flavonoids that has already been investi-
gated as an anticancer agent; it has been established to exert 
various biological activities in many different cancer types, such 
as bladder, breast, and ovarian cancer [15]. In addition, many 
preclinical studies have proved that baicalein possesses tremen-

dous potential as an antitumor drug owing to its targeting of 
multiple molecular mechanisms and signaling pathways. In this 
study, we first investigated the effects of the combined treat-
ment of baicalein and docetaxel in ATC cells. ATC lines include 
not only 8505c cells but also T238, HTh74, THJ-16T, Cal62, 
C643, SW1736, K1, /GLAG-66, BCPAP, MBA-T41, and TPC-
1 cells [20]. There is a limit to studies using a single cell model 
to draw general conclusions; therefore, further study is neces-
sary in other ATC lines. 

Recent studies have shown that MTT can be reduced in the 
absence of live cells, and some botanical extracts with iodoace-
tic acid alkylate free thiol groups, which inhibits their ability to 
reduce MTT [21]. Additionally, the similar structure of flavo-
noids such as luteolin, quercetin, and rutin, the nutrient concen-
tration in the culture medium, and serum components directly 
affect MTT reduction in the absence of cells [22]. In our study, 
we did not find observed reduction of MTT by baicalein treat-
ment in absence of 8505c cells, with 10% serum or without. 

Induction of cancer cell apoptosis is one of the main chemo-
therapeutic approaches. Apoptosis is the active, programmed 
form of cell death. Accumulated evidence suggests that the re-
sponse of cancer cells to chemotherapy is not confined to apop-
tosis, but also involves other modes of cell death [23]. However, 
it is important that baicalein induces ATC cells to die spontane-
ously via apoptosis, because apoptosis is the “self-destruct” 
program of a cell, and thus has minimal off-target effects [24]. 
In general, apoptosis occurs through three pathways: the gran-
zyme, extrinsic, and intrinsic pathways. All of these pathways 
converge to caspase-3 and the formation of the apoptosome 
[25]. The intrinsic pathway is the mitochondrial apoptotic path-
way. As stimuli activate the intrinsic pathway, the mitochondrial 
permeability transition pores open and pro-apoptotic proteins, 
such as poly (ADP-ribose) polymerase (PARP) and cytochrome 
C, are released, which causes the loss of mitochondrial mem-
brane potential and activates multiple caspases, such as cas-
pase-3 [25]. The Bcl-2 family regulates the mitochondrial per-
meability transition; the mitochondrial pores can be pro-apop-
totic or anti-apoptotic depending on the activation ratio of pro-
teins of the pro-apoptotic family, such as Bax, and those of the 
anti-apoptotic family, such as Bcl-2 [26]. Previous studies have 
demonstrated that cell growth and proliferation were inhibited 
by docetaxel and baicalein, which induce apoptosis through 
regulation of Bax and Bcl-2 expression and induce mitochon-
drial dysfunction, caspase activation, and PARP cleavage in 
cancer cells [27]. In our study, the combined treatment with ba-
icalein and docetaxel decreased the viability of 8505c cells to a 
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much greater extent compared with individual treatment with 
baicalein or docetaxel, which resulted in induction of apoptosis 
through an increase in the expression of the apoptotic proteins, 
Bax and caspase-3, and decreased expression of the anti-apop-
totic protein Bcl-2. These results indicate that baicalein en-
hanced docetaxel-mediated apoptosis in ATC cells through reg-
ulation of Bax and Bcl-2 expression. Recent studies have shown 
that the expression of apoptotic proteins such as Bax, capsase-3, 
cytochrome c, and PARP varied for different docetaxel concen-
trations in different cell types and over culture time. In our pre-
vious study, treatment with docetaxel at 1, 5, 10, 25, and 50 nM 
in ATC cells such as CAL-62, FRO, and KTC2 cells signifi-
cantly decreased the cell viability in a concentration-dependent 
manner. Co-treatment with docetaxel (5 nM) and curcumin (10 
μM) resulted in 50% growth inhibition with suppression of 
cleaved caspase-3 and -9 expression [28]. It was also reported 
that docetaxel at a high concentration (10 μM) inhibits the ex-
pression of Bax, cleaved caspase-3 and -8, and PARP in ovarian 
somatic cells, but the expression did not change at low (0.1 μM) 
and moderate (1 μM) concentrations [14]. Although treatment 
with high-concentration docetaxel is known to enhance the anti-
cancer activity, in the present study, we investigated the simulta-
neous treatment of 8505c cells with a low concentration of 
docetaxel (2 nM) and baicalein. We found that the treatment 
with docetaxel at 5, 10, 20, and 50 nM significantly decreased 
the cell viability for 48 hours in a concentration-dependent man-
ner (Fig. 1D), but the cell numbers were insufficient for investi-
gation of anticancer activity by combined treatment with 
docetaxel and baicalein.

The development and progression of ATC are thought to in-
volve a complex and apparently redundant interplay of hor-
mones and growth factors, such as epithelial growth factor 
(EGF)-like ligands and TGF-β1, which regulate thyroid cell 
proliferation and differentiation [29]. It was also demonstrated 
that TGF-β1 induced cancer cell proliferation and formation of 
an invasive phenotype, characterized by the epithelial-to-mes-
enchymal transition (EMT) [30], and promoted metastasis 
through regulation of the composition of the extracellular ma-
trix, proteolysis, and inflammatory responses [31]. Therefore, 
TGF-β1 may be an effective target for the inhibition of primary 
tumor proliferation in ATC cells [32]. Angiogenesis is essential 
for tumor growth and metastasis. VEGF is the major cytokine 
related to tumor angiogenesis. It is unique among angiogenic 
factors, as it is mitogenic to vascular endothelial cells [33]. 
VEGF produced from neoplastic cells is essential for tumor vas-
culogenesis [34], lymphocyte mitogenesis, monocyte recruit-

ment, and dendritic cell suppression [33,34]. Most tumor types, 
including ATC, overexpress VEGF, which correlates directly 
with regions of neoangiogenesis; thereby, suggesting that the 
inhibition of VEGF may offer a promising new approach for the 
treatment of ATC. In our study, the combined treatment with ba-
icalein and docetaxel highly inhibited the expression of the an-
giogenic and invasive proteins VEGF and TGF-β in 8505c cells. 
These results indicate that baicalein acts synergistically with 
docetaxel to inhibit metastasis in ATC through downregulation 
of the expression of VEGF and TGF-β. Some studies have dem-
onstrated that baicalein inhibits metastasis through suppression 
of the TGF-β/Smad2 signaling pathway in gastric cancer [35], 
the caveolin-1/Akt/mTOR pathway in prostate cancer [13], and 
the p38 mitogen activated protein kinase (MAPK)/nuclear 
factor-κB pathway in ovarian cancer [15].

E-cadherin, a single-span transmembrane glycoprotein, is ex-
pressed by most epithelial tissues and is prominently associated 
with tumor invasiveness, metastatic dissemination, and poor pa-
tient prognosis [36]. It is also correlated with an invasive and 
undifferentiated phenotype in epithelium-derived cancer cells 
[37]. N-cadherin, another adhesion molecule, is expressed in 
mesenchymal cells and also associated with an increased inva-
sive potential in cancer [36]. Previous studies have demonstrat-
ed abnormal expression of N-cadherin in some cancer cells, 
which promoted cellular motility and invasion. During EMT, E-
cadherin is downregulated, whereas N-cadherin is upregulated. 
The loss of E-cadherin expression and the gain of N-cadherin 
expression (the “cadherin switch”) has functional significance 
in cancer progression [36]. In our study of 8505c cells, the ex-
pression of E-cadherin was inhibited by the treatment of baica-
lein alone or the combination of baicalein and docetaxel, but ex-
pression of N-cadherin was only inhibited in the combination 
treatment. This indicates that baicalein exerts an inhibitory ef-
fect of expression of E-cadherin, but not N-cadherin, in 8505c 
cells, which requires further study. 

To evaluate the combined effects of baicalein with docetaxel 
in signaling pathways related to apoptotic and metastatic tran-
scription, we investigated the effects of the baicalein and 
docetaxel combination on the activation of the MAPK pathway 
and the phosphoinositide 3-kinase (PI3K)/Akt/mTOR pathway. 
The MAPK pathway is mediated by ERK, c-Jun N-terminal ki-
nase (JNK), and p38 protein kinases, which regulate cell fate 
through apoptosis [38]. Recent studies demonstrated that the ac-
tivation of MAPKs, particularly ERK, is an essential component 
in the control of cancer cell division; therefore, inhibition of the 
ERK signaling pathway is thought to induce cell apoptosis and 
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reduce metastasis in various types of cancer [15,38]. The PI3K/
Akt pathway, also recognized as a functional intracellular sig-
naling pathway involved in both normal cell physiology and 
cancer, controls major cellular processes such as cell growth, 
proliferation, and survival, cell metabolism, and autophagy [39]. 
In addition, the activation of the mTOR pathway results in a 
protumorigenic phenotype with effects on cell proliferation, cell 
cycle progression, inhibition of apoptosis, and angiogenesis, in 
addition to metabolic effects, such as protein synthesis and glu-
cose uptake, in response to the increased requirements for ener-
gy and structural elements of the proliferating malignant trans-
formed cells [39]. In carcinogenesis, the activation of oncogenic 
pathways, such as the MAPK and PI3K/Akt/mTOR signaling 
pathways, induces a protumorigenic phenotype through effects 
on cell proliferation, cell cycle progression, and the inhibition of 
apoptosis and angiogenesis in malignant transformed cells [39]. 
Therefore, pharmacological agents have been developed and are 
currently available to specifically target and inhibit these signal-
ing pathways, alone or in combination, to provide more effec-
tive treatments for therapy-resistant thyroid cancer through the 
inhibition of tumor progression and the induction of re-differen-
tiation [39]. In our study, the activation of ERK and Akt and the 
expression of mTOR were inhibited by the combined treatment 
of baicalein and docetaxel in 8505c cells. This result indicates 
that the combined treatment of baicalein and docetaxel func-
tioned to inhibit cancer cell growth, proliferation, survival, and 
invasion through the inhibition of the ERK pathway and Akt/
mTOR pathway. mTOR is activated through the PI3K/Akt sig-
naling pathways via phosphorylation of specific residues. To in-
vestigate the effect of combined treatment with docetaxel and 
baicalein on the mTOR pathway, the phosphorylation levels of 
mTOR (p-mTOR) will be analyzed. 

It has been demonstrated that baicalein inhibits the migration 
and invasion of cancer cells and induces apoptosis through inhi-
bition of the ERK pathway and the PI3K/Akt/mTOR pathway 
[35], and that combination therapy with taxol promoted mito-
chondrially mediated apoptosis in ovarian cancer cells through 
inhibition of the Akt/β-catenin signaling pathway [15]. Recently, 
the combinatorial effects of natural compounds, such as curcum-
in, and traditional chemotherapy have been studied in the modu-
lation of apoptosis and metastasis in prostate cancer [7], includ-
ing co-delivery techniques with nanoparticles [40] and pharma-
cokinetic studies [32]. Additionally, consistent with the frequent 
aberrant activation of the MAPK and PI3K pathways in thyroid 
cancer, it was reported that ATC lines such as 8505C, T238, K1/
GLAG-66, and BCPAP express mutant BRAF (BRAFV600E), an 

activator of the MAPK pathway [20]. BRAF plays an important 
role in regulating survival, proliferation, and differentiation in 
response to various stimuli, and BRAFV600E frequently occurs in 
thyroid cancer [41]. It was reported that PLX4032, a BRAFV600E 
inhibitor, selectively inhibits proliferation, migration, and inva-
sion of ATC cells harboring mutant BRAFV600E [41]. Therefore, 
it is considered that inhibition of BRAFV600E can augment antican-
cer drug-induced apoptosis in ATC cells harboring BRAFV600E. 
Our future studies will evaluate whether the combined treatment 
with baicalein and docetaxel can be used for overcoming resis-
tance to BRAFV600E. 

Recently, doxorubicin (Adriamycin) was approved by the 
U.S. Food and Drug Administration for use as a chemotherapy 
drug and has demonstrated significant activity in cancers [42]. 
In addition, effects of combination therapy with docetaxel in 
metastatic breast cancer and protective effects of berberine, a 
botanical alkaloid, against docetaxel-induced cardiotoxicity 
have been reported [43]. Therefore, it will be necessary to in-
vestigate the combined effects of doxorubicin and baicalein in 
ATC cells to provide new ideas for chemotherapy.

In conclusion, the combined treatment with baicalein and 
docetaxel in 8505c cells highly induced apoptosis through acti-
vation of the expression of the apoptotic proteins Bax and cas-
pase-3 and inhibited metastasis through downregulation of the 
angiogenic proteins VEGF, TGF-β1, E-cadherin, and N-cad-
herin compared with baicalein or docetaxel treatment alone. 
The anticancer effects of the combined treatment with baicalein 
and docetaxel are based on the downregulation of the ERK 
pathway and Akt/mTOR pathway. 
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