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 Background: Combretastatin A4 (CA4) is a potential therapeutic candidate for a variety of human cancer treatments. However, 
the inhibitive effects of CA4 on thyroid cancer cells are still not well-clarified. This study aimed to investigate 
the potential effect of CA4 on thyroid cancer cells, as well as underlying mechanism.

 Material/Methods: Human thyroid papillary carcinoma cell line TPC1 was pre-treated with 5 concentrations of CA4 (0, 1, 2, 5, or 
10 μM) for 2 h. Cell proliferation was determined by 3-(4, 5-dimethyl-2- thiazolyl)-2, 5-diphenyl -2-H-tetrazolium 
bromide (MTT) assay. Cell migration and invasion were detected by a modified Boyden chamber assay. Moreover, 
cell apoptosis was detected by terminal deoxynucleotidyl (TUNEL) staining assay and flow cytometry method. 
Western blot analysis was performed to determine the expression changes of epithelial-mesenchymal tran-
sition (EMT)-related proteins and phosphatidylinositol-3-kinase/serine/threonine kinase (PI3K/Akt) signaling 
pathway proteins.

 Results: CA4 significantly inhibited the cell proliferation, migration, and invasion, and significantly promoted cell apopto-
sis in a dose-dependent manner compared with the control group. The EMT-related protein levels of N-Cadherin, 
Vimentin, Snail1, Slug, Twist1, and ZEB1 were significantly decreased by CA4, while E-cadherin had no signif-
icant difference compared with the control group. Moreover, PI3K/Akt signaling pathway protein levels of p-
PI3K and p-Akt were significantly decreased, whereas PI3K and Akt had no significant differences compared 
with the control group.

 Conclusions: CA4 can inhibit proliferation, migration, and invasion and promote apoptosis of TPC1 cells. These effects might 
be through the PI3K/Akt signaling pathway. CA4 may be a potential therapeutic target for the treatment of thy-
roid cancer.
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Background

Papillary thyroid carcinoma (PTC) is the most common ma-
lignant thyroid tumor, and accounts for ~80% of all thyroid 
cancers [1]. The incidence of PTC has almost quadrupled over 
the last 3 decades, from 3.4 to 12.5 per 100 000 people [2]. In 
many cases, patients with PTC treated with radio- and surgi-
cal therapy obtain a good prognosis [3,4]. However, ~50% pa-
tients with PTC are prone to metastasis to the regional lymph 
nodes, which always brings a poor prognosis and causes high-
er mortality [5,6]. Thus, it is necessary to develop and identify 
novel therapeutic strategies for treatment of PTC.

Combretastatin A4 (CA4), a natural product isolated from the 
South African tree Combretum caffrum, is a potential therapeu-
tic candidate for cancer treatment [7,8]. CA4 as an antimitot-
ic agent can strongly cause vascular shutdown and cell death 
in tumors by binding the colchicine binding site of tubulin to 
block microtubule assembly [9]. Over the past 2 decades, CA4 
and CA4 derivatives have been discovered to confer cytotoxic 
potency and anti-proliferative activity in a variety of human 
cancer cells, such as non-small cell lung cancer [10], ovarian 
cancer [11], and breast cancer cells [12]. In addition, CA4 has 
demonstrated an anti-metastasis effect in human gastric can-
cer [13] and bladder cancer cells [14]. However, the potential 
effects of CA4 on thyroid cancer cells are still not well-clarified.

Therefore, in the present study, the roles of CA4 in the prolif-
eration, migration, invasion, and apoptosis of thyroid cancer 
cells (TPC1) were investigated in vitro, aiming to reveal the po-
tential effects of CA4 on thyroid cancer. Moreover, the expres-
sion of epithelial-mesenchymal transition (EMT)-related pro-
teins (E-cadherin, N-Cadherin, Vimentin, Snail1, Slug, Twist1, 
and ZEB1) were evaluated to discover whether the process of 
EMT was involved. We also evaluated the expression of phos-
phatidylinositol-3-kinase/serine/threonine kinase (PI3K/Akt) 
signaling pathway proteins (PI3K, p-PI3K, Akt, p-Akt) to deter-
mine the associated molecular mechanism. These investigations 
may facilitate a better understanding of CA4 in thyroid cancer.

Material and Methods

Cell culture

Human thyroid papillary carcinoma cell line TPC1 was obtained 
from the American Type Culture Collection (ATCC, Manassas, 
VA). TPC1 cells were cultured in RPMI-1640 (Gibco, Grand Island, 
NY) medium containing 10% fetal bovine serum (FBS), 100 μg/
mL penicillin, and 100 μg/mL streptomycin (Life Technologies, 
Cergy Pontoise, France), maintained at 37°C in a humidified 
atmosphere containing 5% CO2 [15].

Proliferation assay

Cell proliferation was assayed by the 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. Briefly, 
TPC1 cells were seeded in 96-well plates at a density of 3×103 
cells/well, and pre-treated with 5 different concentrations of 
CA4 (0, 1, 2, 5, or 10 μM) for 2 h. The CA4 with 0 μM acted as 
a control group. Final concentration of 0.5 mg/mL MTT solution 
(Sigma Aldrich, St. Louis, MO) was added to each well and in-
cubated for 4 h. After the incubation, formazan crystals were 
dissolved by addition of 150 μl dimethyl sulfoxide per well. 
The absorbance was measured at 570 nm using an automat-
ed ELISA plate reader (Thermo Scientific®, Rockford, IL) [16].

Migration and invasion assay

Cell migration assay was performed in a modified Boyden 
chamber (Costar-Corning, New York, USA), with an 8.0-μm pore 
polycarbonate filter insert in 24-well plates. Briefly, the lower 
chamber was filled with complete medium. Resuspended TPC1 
cells (5×104 cells/well) were placed in the upper chamber, pre-
treated with 5 concentrations of CA4 (0, 1, 2, 5, or 10 μM). The 
CA4 with 0 μM acted as a control group. The 24-well plates 
were incubated at 37°C for 24 h, after which the non-migrated 
cells on the upper side of the filter were wiped off and migrat-
ed cells were stained with crystal violet (Beyotime, Nantong, 
China) for 30 min. Stained cells were photographed under an 
inverted fluorescence microscope (Olympus IX51) equipped with 
an Olympus Qcolor 3 digital camera. Quantitative cell migra-
tion was assessed by counting the stained cells directly [17].

Cell invasion assay was performed as the cell migration assay, 
except that transwell inserts were matrigel-coated.

Apoptosis detection by TUNEL staining assay

Cell apoptosis was detected by a terminal deoxynucleotidyl 
(TUNEL) method by using a commercially available kit (ApopTag 
Peroxidase In Situ Apoptosis Detection Kit S7100; Chemicon 
International, Billerica, MA). Briefly, the cells were pre-treated 
with concentrations of CA4 (0, 1, 2, 5, or 10 μM) for 2 h. CA4 
with 0 μM acted as a control group, then cells in each sample 
was washed and stained according to the manufacturer’s in-
structions. The labeled cells were washed and examined under 
a fluorescence microscope (Olympus, Germany). The number 
of the TUNEL-positive cells and TUNEL-negative cells were dis-
criminated by directly counting the green florescent and blue 
nuclei stains, respectively.

Apoptosis detection by flow cytometry method

The effect of CA4 on TPC1 cell apoptosis was further examined 
using 2 fluorescent dyes: annexin V-Cy5 and PI. The cells were 
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seeded at 2×105 per 35-mm culture dish. The cells were grown 
to about 80% confluence and treated with 5 concentrations 
of CA4 (0, 1, 2, 5, or 10 μM) for 2 h. CA4 with 0 μM acted as 
a control group. After treatment, the cells in each group were 
harvested by trypsinization, and then were pelleted and resus-
pended in annexin V-binding buffer (10 mM HEPES, 150 mM 
NaCl, 5 mM KCl, 1 mM MgCl2, 1.8 mM CaCl2, pH 7.4) contain-
ing annexin V-Cy5 (1:1000) and 1 mg/mL PI. Each sample was 
incubated in the dark at room temperature for 5 min, and then 
analyzed on a FACS Calibur flow cytometer (Becton-Dickinson). 
The percentage of total apoptotic events was defined by sum-
ming the early and late apoptotic cells.

Western blot

The cells were pre-treated with 5 concentrations of CA4 (0, 1, 
2, 5, or 10 μM). CA4 with 0 μM acted as a control group. After 
2-h treatment, the cells in each sample were lysed with lysis 
buffer (150 mM NaCl, 50 mM Tris-HCl [pH 8.0], 0.1% SDS, and 
1% Triton X-100) for 30 min. The protein concentration was de-
termined by using a Bicinchoninic Acid (BCA) assay kit (Thermo 
Scientific®, Rockford, IL). Equivalent amounts of whole-cell ex-
tracts from each sample were resolved over sodium dodec-
yl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to nitrocellulose membranes. The membranes were 
blocked within the blocking buffer (5% non-fat milk) for 2 h 
at room temperature and then incubated in primary antibody 
(N-Cadherin, ZEB1, p-PI3K, PI3K, p-Akt, Akt, and GAPDH were 
purchased from Santa Cruz Biotechnology, Santa Cruz, CA; 
E-cadherin, Vimentin, Snail1, Slug, and Twist1 were obtained 
from Abcam, Cambridge, MA) at 4°C overnight. The membranes 
were then incubated with the secondary antibody horserad-
ish peroxidase (HRP) conjugate for 1 h. Blots were visualized 
by enhanced chemiluminescence (ECL) method.

Statistical analysis

All data are expressed as means ± standard derivations (SD). 
The data were analyzed using the t test or one-way analysis 
of variance (ANOVA). Results with P value of <0.05 were con-
sidered statistically significant. GraphPad Prism 5 (GraphPad 
Software Inc., San Diego, CA) was used for these analyses.

Results

Effects of CA4 on TPC1 cell proliferation

To determine the effects of CA4 on TPC1 cell proliferation, 5 
concentrations of CA4 were added to the cell culture, and the 
cell viability was assessed by using MTT assay. We found that, 
except for the control group (0 μM), all concentrations of CA4 
inhibited cell proliferation. The CA4 with high concentration 
seemed to possess stronger inhibitive effect on TPC1 cell pro-
liferation. More importantly, CA4 with 5 and 10 μM significant-
ly inhibited cell proliferation compared with the control group 
(P<0.05). These results reveal that CA4 can effectively inhib-
it cell proliferation in a dose-dependent manner (Figure 1).

Effect of CA4 on TPC1 cells migration and invasion

To determine the effects of CA4 on TPC1 cell migration and in-
vasion in vitro, 5 concentrations of CA4 were pre-treated with 
the cells for 2 h. Then the migration and invasion of each sam-
ple were assayed. As shown in Figure 2A and 2B, except for the 
control group, all concentrations of CA4 inhibited migration 
and invasion. The concentrations of 5 μM and 10 μM remark-
ably inhibited cell migration and invasion (P<0.05, P<0.01, or 
P<0.001), showing that CA4 can inhibit cell migration and in-
vasion in a dose-dependent manner.

Effect of CA4 on TPC1 cells apoptosis

To reveal the effect of CA4 on TPC1 cell apoptosis, 5 concen-
trations of CA4 were pre-treated with TPC1 cells, and apop-
totic cells were investigated both by TUNEL staining assay 
(Figure 3A, 3B) and flow cytometry method (Figure 3C). The 
data shown in Figure 3A and 3B are consistent with the data 
in Figure 3C, showing that high concentrations of CA4 (5 and 
10 μM) can significantly induce apoptosis compared with the 
control group (P<0.05 or P<0.01). These results indicate that 
high concentrations of CA4 can promote cell apoptosis.

Effect of CA4 on the expression of EMT-related proteins

To reveal whether CA4 can bring about the alterations in EMT-
related protein expression, Western blot analysis was con-
ducted to verify the expressions of E-cadherin, N-Cadherin, 

120

100

80

60
0 µM 1 µM 2 µM 5 µM 10 µM

* *

Ce
ll v

iab
ilit

y (
%

)

Figure 1.  Inhibitive effects of Combretastatin A4 on TPC1 cell 
proliferation. * P<0.05 compared with control group.
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Vimentin, Snail1, Slug, Twist1, and ZEB1 in TPC1 cells. As shown 
in Figure 4, CA4 can decrease the expression of N-Cadherin, 
Vimentin, Snail1, Slug, Twist1, and ZEB1, and it was hardly 
surprising to see that the cells treated with 5 μM and 10 μM 
CA4 were more strongly inhibited. No significant differences 
were found in the levels of E-cadherin among the 5 groups. 
These results suggest that the effects of CA4 on TPC1 cells 
might be involved in EMT.

Effect of CA4 on the expression of PI3K/Akt signaling 
pathway proteins

To further investigate the molecular mechanisms by which CA4 
affects TPC1 cells, Western blot analysis was conducted again 
to examine the expression changes of PI3K/Akt signaling path-
way proteins. Results in Figure 5 show that no significant dif-
ferences were found in the levels of PI3K and Akt among the 5 
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Figure 2.  Inhibitive effects of Combretastatin A4 on TPC1 cell migration and invasion. (A) cell migration assay; (B) cell invasion assay. 
* P<0.05 compared with control group; ** P<0.01 compared with control group; *** P<0.001 compared with control group.
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Figure 3.  Promoting effects of Combretastatin A4 on TPC1 cells apoptosis. (A) and (B) conducted by the TUNEL staining assay; 
(C) conducted by the flow cytometry method. TUNEL+, terminal deoxynucleotidyl positive cells. * P<0.05 compared with 
control group; ** P<0.01 compared with control group.
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groups, while the 5 μM and 10 μM concentrations of CA4 sig-
nificantly decreased the expression of p-PI3K and p-Akt pro-
teins. These results indicate that the effects of CA4 on thyroid 
cancer cells might be through the PI3K/Akt signaling pathway.

Discussion

PTC is the most common thyroid cancer and the rates of PTC 
are increasing worldwide. Therefore, there have been many 
studies on the prevention and treatment of PTC in recent years. 
However, little is known about the therapeutic effect of CA4 on 
PTC. In the current study, we provide the first insight into the 
inhibitive effects of CA4 on TPC1 cells through the PI3K/Akt 
signaling pathway. We found that CA4 significantly inhibited 
the proliferation, migration, and invasion of TPC1 cells, and in-
creased the apoptosis rate. Moreover, CA4 decreased the ex-
pression levels of EMT-related proteins (N-Cadherin, Vimentin, 
Snail1, Slug, Twist1, and ZEB1) and PI3K/Akt signaling path-
way proteins (p-PI3K and p-Akt).

As an antimitotic agent, CA4 has been demonstrated to dis-
play a strong antimitotic effect against cell proliferation [18]. It 
has been reported that CA4 inhibits proliferation in many can-
cer cells in vitro, such as Colo-699 and KNS-62 [19]. Iyer et al. 
suggested that CA4 increases caspase-3 activity and induces 
human endothelial cells apoptosis [20]. However, the effects 
of CA4 on thyroid cancer cell proliferation and apoptosis are 
still unknown. In our study, we found that CA4 inhibited TPC1 
cell proliferation and promoted apoptosis in a dose-depen-
dent manner, suggesting that CA4 might be involved in thy-
roid cancer cell proliferation and apoptosis. We also investi-
gated the effects of CA4 on TPC1 cell migration and invasion. 
We found that CA4 inhibits migration and invasion of TPC1 
cells in a dose-dependent manner, indicating that CA4 might 
also play an important role in the inhibition of thyroid can-
cer cell migration and invasion. Similarly, Shen et al. observed 
CA4 could inhibit cell metastasis in bladder cancer cells [14]. 
EMT has been found to be involved in the invasive fronts of 
human tumors, such as papillary thyroid [21], breast [22], and 
cervical [23] carcinoma. Thus, to better understand the un-
derlying mechanism in migration and invasion, we analyzed 

Figure 4.  Effects of Combretastatin A4 on the 
expression of EMT-related proteins. 
The expression levels of E-Cadherin, 
N-Cadherin, Vimentin, Snail1, Slug, 
Twist1, and ZEB1were detected by 
Western blot analysis. GAPDH acted as 
an internal control.
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Figure 5.  Effects of Combretastatin A4 on the 
expression of PI3K/Akt signaling 
pathway proteins. The expression 
levels of PI3K, p-PI3K, Akt, and p-Akt 
were detected by Western blot 
analysis. GAPDH acted as an internal 
control.
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the protein expression of EMT. Our results showed that CA4 
down-regulates the levels of N-Cadherin, Vimentin, Snail1, Slug, 
Twist1, and ZEB1, but did not significantly regulate the levels 
of E-cadherin. Among these proteins, Snail 1, Slug, and ZEB1 
directly induce transcription of EMT-activating transcription 
repressor, whereas Twist 1 is an indirect EMT-activating tran-
scription repressor [24]. N-cadherin and Vimentin are 2 mark-
ers positively related to the metastasis of tumor cells, where-
as E-cadherin is a negative correlation marker [24,25]. Taken 
together, these results provided the first in vivo evidence that 
CA4 inhibits thyroid cancer cell migration and invasion through 
regulating EMT-related proteins.

PI3K/Akt signaling has been shown to play a central role in can-
cer cell proliferation, migration, invasion, and apoptosis [26–28]. 
The PI3K/Akt signaling pathway is also responsible for modulat-
ing multiple processes in thyroid cancer cells [29]. For instance, 
down-regulation of PI3K and Akt phosphorylation inhibits thy-
roid cancer cell proliferation, invasion, and apoptosis [30,31]. 
Thus, we detected the PI3K/Akt signaling pathway proteins to 
reveal the molecular mechanisms of CA4-activated thyroid can-
cer cells. Our results showed that CA4 decreased the level of 
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