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Abstract. Increasing evidence has shown that cancer stem cells 
or tumor initiating cells are the ‘root cause’ of malignant cancers. 
However, the exact origin of cancer stem cells still remains 
obscure in thyroid research. EMT has been implicated in the 
initiation and conversion of early-stage tumors into invasive 
malignancies and is associated with the stemness of cancer cells. 
Based on these facts, a new hypothesis was suggested that EMT 
induces cancer stem cell generation and tumor progression in 
human thyroid cancer cells in vitro. In the present study, FTC133 
cells identified as EMT-negative cells were used for EMT induc-
tion by HIF-1α transfection. Overexpression of HIF-1α induced 
FTC133 cells to undergo EMT, downregulated the epithelial 
markers E-cadherin, upregulated the mesenchymal marker 
vimentin, and associated with highly invasive and metastatic 
properties. Most importantly, the induction of EMT promoted 
the stem-like side population cell proportion in the FTC133 cells. 
These results indicate that EMT induction promotes CSC traits 
and cell proportions in the thyroid cancer cells, which implies 
that EMT could induce cancer stem cell generation and tumor 
progression in thyroid cancers. Further understanding of the role 
of EMT and cancer stem cells in cancer progression may reveal 
new targets for the prevention or therapy of thyroid cancers.

Introduction

Anaplastic thyroid carcinoma is an aggressive malignancy 
characterized by an extensive local invasion, early systemic 

dissemination and marked resistance to chemo- and radio-
therapy, and always has a poor prognosis with a mean survival 
of only few months (1). Current systemic therapy fails to 
eradicate this cancer or even to stop tumor progress. It has 
been hypothesized that this may be explained by the failure of 
current drugs to effectively target cancer stem-like cells (CSCs) 
(2,3). To date, CSCs have been reported in various solid tumors 
and in cancer cell lines (4-9). However, until recently, there are 
only very few studies on adult thyroid stem/progenitor cells and 
thyroid CSCs (10-12). We and others have recently described 
and characterized thyroid cancer stem cells as a side popula-
tion (13-17) that may play a critical role in the progression and 
recurrence of cancer and its subsequent metastasis (18).

Epithelial to mesenchymal transition (EMT) is a vital 
process for morphogenesis during embryonic development, 
but it has also been implicated in the conversion of early stage 
tumors into invasive malignancies (19). More recent studies 
have further demonstrated that EMT plays a critical role not 
only in tumor metastasis but also in tumor recurrence that 
is believed to be tightly linked with the biology of cancer 
stem-like cells or cancer-initiating cells (20-23). The relation-
ship between EMT and CSCs has been observed, with the 
evidence suggesting that EMT cells acquire stem cell-like 
traits and that CSCs exhibit a mesenchymal-like appearance 
in immortalized non-tumorigenic mammary epithelial cells 
and breast cancers (22). In thyroid cancer, it was found in our 
previous study that cancer stem cell content was associated 
with EMT-phenotype, e.g. mesenchymal-type cells of HTH74 
was detected with a much bigger cancer stem-like cell popula-
tion than epithelial-type cells of FTC133. With these findings 
in mind, we proposed a plausible hypothesis that EMT program 
induces the generation of thyroid cancer stem cells.

To test the hypothesis we performed EMT induction through 
HIF-1α cDNA transfection on EMT-negative thyroid cancer 
cells, and found that HIF-1α-overexpressed FTC133 cells 
acquired EMT phenotype and shared stem-like cell features. 
Most importantly, EMT induction was directly associated with 
increased stem-like cell population. These data suggest that 
EMT represent the vital impetus of cancer stem cell generation 
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and thus prompt tumor progression and metastasis, and these 
findings may provide useful perspectives for anticancer drug 
exploitation in containment of thyroid CSC generation.

Materials and methods

Cell culture. The human thyroid carcinoma cell line FTC133 
was kindly provided by Professor M. Derwahl, Humboldt 
University, Germany. The FTC133 cell line was derived from 
the primary tumor of a 42-year-old male patient with meta-
static thyroid follicular carcinoma (24), and then cultured in 
Dulbecco's modified Eagle's medium (DMEM) supplemented 
with 10% fetal bovine serum and penicillin/streptomycin in a 
humidified incubator at 37˚C and 5% CO2.

Plasmids and transfections. Recombinant plasmid 
pcDNA3.1(-)/HIF-1α was kindly provided by Dr Luo, Affiliated 
Beijing Anzhen Hospital of Capital Medical University, 
China. For EMT induction, EMT-negative (epithelial-type) 
FTC133 cells were transfected with pcDNA3.1(-)/HIF-1α with 
Lipofectamine 2000 system (Invitrogen). After 24 h of tran-
sient transfection, cells were subsequently cultured in medium 
containing 600 µg/ml of G418 for 4 weeks. HIF-1α positive 
cell clones were selected and expanded. FTC133 cells stably 
transfected with HIF-1α were designated as FTC133/HIF-1α. 
After transfection, cells were maintained in hypoxic environ-
ment (under 1% oxygen) for further culture and experiments.

Western blot analysis. Antibodies against HIF-1α (as an EMT 
inducer), Glut-1, VEGF (as HIF-1α target proteins), E-cadherin, 
CK18 (as epithelial proteins), fibronectin, vimentin (as mesen-
chymal markers), β-actin (as an internal control) were used for 
western blot analyses as per instructions from manufacturers. 
Cell lysate preparation and blotting conditions have been 
described previously (25).

Immunofluorescent staining. Cells were fixed in 10% parafor-
maldehyde for 30 min and blocked with goat serum for 30 min, 
respectively. Cells were then incubated at 37˚C for 1 h with rabbit 
anti-human β-catenin antibody (Santa Cruz Biotechnology) at 
a dilution of 1:100. After washing 3 times with PBS, cells were 
co-incubated with fluorescence isothiocyanate (FITC) conju-
gated goat anti-rabbit antibody at 37˚C for 1 h. DAPI was used 
for nuclear DNA staining. The fluorescence staining intensity 
and intracellular localization were then examined by Olympus 
immunofluorescence microscope.

Invasion assays. The cells were cultured in 6-well plates to 
90% confluency and then collected after trypsinization. An 
analysis assessing the invasion of cells was performed using 
6-well Transwell inserts with 6.5-mm diameters and 8-µM 
pores (Corning). In brief, the filters were precoated for 30 min at 
37˚C with 25 µl extracellular matrix (Sigma-Aldrich) gel mixed 
with dimethyl sulfoxide (1:1). The trypsinised cells (7x104) were 
washed with PBS, resuspended in the serum-free medium, and 
placed in the upper chamber, and a medium containing 10% FBS 
was used as a chemoattractant in the lower chamber. Cells were 
incubated at 37˚C in 5% CO2 for 24, 48 and 72 h, respectively, 
and the number of cells that invaded across the membranes 
were fixed and stained with Giemsa. The non-migratory cells 

on the upper chamber were removed with cotton swabs, and the 
migratory cells present on the lower surface were counted in 
10 random fields and photographed by field at x100 magnifica-
tion under an inverted microscope (Olympus).

MTT assay for cell proliferation. Cells (1x104) were split into 
each well of 96-well tissue culture plates. At various time 
points (1, 2, 3, 4 and 5 days), MTT solution (2.5 mg/ml; 50 µl) 
was added into the cell culture plate and incubated with 
cells for an additional 4 h. The media were collected sepa-
rately from each chamber, and cell-associated MTT crystals 
were dissolved separately in dimethyl sulfuroxide (DMSO, 
150 µl/well) on a shaker at room temperature. The color inten-
sity was measured at 570 nm against the appropriate blank 
controls (0.1% BSA/RPMI-1640 medium with MTT solution 
and 150 µl DMSO) using a Bio-Rad Technologies Microplate 
Reader.

Spheroid formation assay. The potential of self-renewal 
was assessed using Corning Ultra-Low Attachment 
Surface (Corning). Cells suspension was sieved through 
a 30 µm strainer, centrifuged and resuspended in growth 
factor-enriched medium: serum-free DMEM/Ham's F-12 (1:1) 
containing B-27 (1:50), 20 ng/ml EGF (Invitrogen, Karlsruhe, 
Germany), and 20 ng/ml bFGF (Invitrogen). Single cellularity 
was confirmed under a microscope. Cells were cultured in 
100-mm dishes at 10,000 viable cells/ml at 37˚C, in 5% CO2 
culture incubator. Every 2-3 days, B27, bFGF and EGF were 
added. After 10 days of culturing, spheres in 10 independent 
microscopic fields were enumerated. The percentage of cells 
that initiated a sphere was presented as sphere-forming effi-
ciency (CFE).

Colony-forming assays. Single-cell suspensions (200 cells per 
dish) were seeded on 60-mm dishes (Corning) and cultured for 
14 days. The media were changed every 4 days. The colonies 
were washed twice with PBS, and counted under a microscope. 
Only colonies with >32 cells were scored. The percentage of 
cells that initiated a clone was presented as colony-forming 
efficiency (CFE).

SP sorting with FACS. Cells were harvested with Hoechst 
33342 staining, and verapamil (Sigma, St. Louis, MO, USA), an 
inhibitor of ABCG2 transporter, was used to identify specific 
cell populations, as described previously (14). A 350-nm 
UV laser was used to excite Hoechst 33342. Analysis was 
performed using a dual-wavelength analysis (blue, 420 nm; 
red, 670 nm). The side population was identified by gating 
on the characteristic fluorescence emission profile. Equal 
numbers of SP and non-SP (NSP) cells were collected for the 
following experiments.

RNA isolation and reverse transcription polymerase chain 
reaction (RT-PCR). Total RNA was extracted using the RNeasy 
Micro kit (Qiagen) according to the manufacturer's specifica-
tions. RT-PCR was performed as described previously (14). 
For PCR amplification, reactions were carried out at 95˚C 
for 10 min, 25-30 cycles of 95˚C for 30 sec, 52-59˚C (primer 
specific) for 30 sec and 72˚C for 1 min, followed by a final 
extension at 72˚C for 10 min and termination at 4˚C. RT-PCR 
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cycles varied between primer sets to ensure that amplification 
has not reached saturation level.

In all PCR analyses, β-actin was used as an internal control. 
Primer sequences, product sizes, and annealing temperatures 
are listed in Table I. The PCR products were separated by 
electrophoresis on 1.5% agarose gels stained with ethidium 
bromide. Signals corresponding to target gene expression were 
normalized relative to β-actin for each sample.

Statistical analysis. All data are represented as mean ± SD 
from at least three independent experiments. When two groups 
were compared, the Student's t-test was used, and p<0.05 was 
considered significant.

Results

Overexpression of HIF-1α induces EMT and β-catenin 
nucleus translocation. HIF-1α has been shown to induce EMT, 
during which epithelial cells lose their polarity and convert to 
a mesenchymal phenotype (25). In this study, we transfected 
FTC133 cells with vector encoding human HIF-1α. Six weeks 
later, the stable FTC133/HIF-1α cell clones were obtained. 
Upon observation by microscopy, the FTC133/HIF-1α cells 
showed typical fibroblast-like and spindle-shaped appear-
ance, whereas the untransfected FTC133 cells showed robust 
cellular junctions with typical ‘cobblestone-shaped’ and 
epithelial-like appearance (Fig. 1B). To determine if the 
pattern of protein expression correlated with EMT, western 
blot analysis was performed. Functional expression of 
HIF-1α was confirmed since two downstream target proteins, 
Glut-1 and VEGF, regulated by HIF-1α were both positively 
expressed in FTC133/HIF-1α cells. In addition, the increased 
expression of HIF-1α resulted in a decrease of the epithelial 
markers E-cadherin and CK18, but an increase of vimentin 
and fibronectin (Fig. 1A). Moreover, as shown in immuno-

fluorescent staining (Fig. 1B), HIF-1α induction resulted in 
specific nucleus translocation of β-catenin from the cytoplasma. 
These results demonstrated that increased HIF-1α expression 
prompted EMT induction and Wnt/β-catenin signal activa-
tion in FTC133 cells.

Cells that acquire an EMT phenotype show high invasive-
ness and proliferation in vitro. To test whether the cells that 
have undergone EMT show changes in invasiveness and 
metastatic ability, transwell assay was performed to measure 
single-cell invasion. After different time points, the invasive 
cells were quantified and photographed at x100 magnifica-
tion in 10 randomly chosen fields. The FTC133/HIF-1α cells 
were more invasive than untransfected FTC133 cells and 
showed a 6-fold increase in gel invasion after 24-h incuba-
tion (p<0.01, Fig. 2A and B), which indicated that enhanced 
HIF-1α expression contributes to increased invasiveness. 
Moreover, MTT proliferation assay displayed much higher 
proliferation in FTC133/HIF-1α cells than untransfected 
FTC133 cells at each time-point (all p<0.05 except time-point 
of 0 day, Fig. 2C). Specifically, doubling of FTC133/HIF-1α 
cells occurs on day 2, whereas that of FTC133 cells occurs 
on day 5. This finding indicates cells that acquire an EMT 
phenotype were more invasive and proliferative in vitro.

EMT generates stem-like cells that express markers associa- 
ted with both stemness and mesenchymal properties. To test 
the hypothesis that EMT program determines the CSC 
generation, stem-like side population cells were compared in 
FTC133 and FTC133/HIF-1α cells. As depicted in Fig. 3A, 
through HIF-1α transfection, FTC133 cells acquired a much 
bigger side population in contrast to untransfected cells (SP, 
0.7 vs. 0.03%). In our previous study side population cells from 
either thyroid primary tissue or anaplastic thyroid cancer cell 
lines were identified as primitive stem cells with associated 

Table I. Primer sequences, annealing temperatures and product sizes for semi-quantitative RT-PCR.

Target gene Primer sequencesa Annealing temperature (˚C) Expected size (bp)

E-cadherin S: 5'-ctgaagtgactcgtaacgac-3'
 AS: 5'-catgtcagccagcttcttgaag-3' 55 300
Vimentin S: 5'-tggcacgtcttgaccttgaa-3'
 AS: 5'-ggtcatcgtgatgctgagaa-3' 56 749
ABCG2 S: 5'-agttccatggcactggccata-3'
 AS: 5'-tcaggtaggcaattgtgagg-3' 56 379
OCT4 S: 5'-gacaacaatgagaaccttcaggag-3'
 AS: 5'-ctggcgccggttacagaacca-3' 56 216
TG S: 5'-agtcctaagtcccctgatgc-3'
 AS: 5'-caagggagacgtcgagtgt-3' 52 280
NIS S: 5'-tctctcagtcaacgcctct-3'
 AS: 5'-atccaggatggccacttctt-3' 58 299
β-actin S: 5'-cccaggcaccagggcgtgat-3'
 AS: 5'-tcaaacatgatctgggtcat-3' 59 280

aS, sense primer; AS, antisense primer.
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Figure 1. Overexpression of HIF-1α induces EMT and β-catenin nucleus translocation. (A) HIF-1α-transfected FTC133 cells displayed specific functional expres-
sion of HIF-1α as well as two downstream target proteins (Glut-1 and VEGF); in addition, in contrast to untransfected cells, FTC133/HIF-1α cells were found with 
a decreased expression of epithelial markers E-cadherin and CK18, but increased Vimentin and Fibronectin. (B) FTC133 cells exhibited a strong positive expres-
sion of β-catenin in cytoplasma as shown in immunofluorescent staining. DAPI was used for nuclear DNA staining. HIF-1α induction resulted in specific nucleus 
translocation of β-catenin from the cytoplasma in FTC133/HIF-1α cells. FTC133/HIF-1α cells showed typical fibroblast-like and spindle-shaped appearance, in 
contrast to FTC133 cells that possessed robust cellular junctions with typical ‘cobblestone-shaped’ and epithelial-like appearance.

Figure 2. Cells that acquire an EMT phenotype show high invasiveness and proliferation in vitro. (A) Transwell assay indicated that after 24-h incubation, much 
more FTC133/HIF-1α cells migrated through matrigel, compared with FTC133 cells. (B) At each time-point in invasion assay, FTC133/HIF-1α showed increased 
gel invasion as compared to untransfected FTC133/HIF-1α cells (all p<0.01), which indicated that enhanced HIF-1α expression contributes to increased invasive-
ness. (C) MTT proliferation assay displayed much higher proliferation in FTC133/HIF-1α cells than untransfected FTC133 cells at each time-point (all p<0.05 
except time-point of 0 day). *p<0.05 and **p<0.01, when FTC133/HIF-1α was compared with FTC133 cells.
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stem cell marker expression and self-renewal potential (14,16). 
Accordingly, in the present study, we used semi-quantitative 
RT-PCR to measure the expression of EMT-associated markers 
as well as stemness and differentiation-associated genes in SP 

sorted from FTC133/HIF-1α cells. Specifically, we found, in 
contrast to NSP cells, the side population exhibited a strong 
reduction in the expression of E-cadherin and a significantly 
increased expression of vimentin (Fig. 3B). Furthermore, SP 

Figure 3. EMT generates stem-like cells that express markers associated with both stemness and mesenchymal properties. To test the hypothesis that EMT 
program determines the CSC generation, stem-like side population cells were compared in FTC133 and FTC133/HIF-1α cells. (A) Through HIF-1α transfection, 
FTC133 cells acquired a much bigger side population in contrast to untransfected cells (SP, 0.7 vs. 0.03%). (B) In contrast to NSP cells, the SP exhibited a strong 
reduction in the expression of E-cadherin and an increased expression of vimentin, and were further characterized with high expression of stem cell marker OCT4 
and ABCG2, as well as low expression of thyroid differentiation factor thyroglobulin (TG) and sodium/iodide importer (NIS).

Figure 4. EMT-generated stem-like cells exhibit self-renewal and tumorigenic potential in vitro. Sphere growth culture was performed to test the self-renewal 
potential and a colony-forming assay synchronously served as an in vitro surrogate measure of tumorigenicity. SP cells from (A) FTC133/HIF-1α cells formed 
much more tumor spheres than (B) the NSP cells, and showed (C) significantly higher sphere-forming efficiency (p<0.01). Most SP cells (D) could sustain the clone 
growth and form characteristic compact round colonies when plated in a very low density, whereas NSP cells always grew as more elongated or flattened cells in 
a scattered pattern with much fewer clones formed (E). (F) As shown in colony forming assay, SP cells showed 6-fold more colonies in soft agar, compared with 
the NSP cells (p<0.05). *p<0.05 and **p<0.01, when SP cells were compared with NSP cells.
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cells were characterized with high expression of stem cell tran-
scription factor OCT4, and ATP-binding cassette transporter G2 
(ABCG2), as well as low expression of thyroid differentiation 
factor thyroglobulin (TG) and sodium/iodide importer (NIS), 
as shown in Fig. 3B. These measurements provided further 
indication that the side population cells exist in a stem-like cell 
state that simultaneously closely resembles that of cells that have 
undergone EMT.

EMT-generated stem-like cells exhibit self-renewal and 
tumorigenic potential in vitro. Our previous studies (14,16) 
have demonstrated that the ability to form thyroid-spheres 
in vitro depends on the presence of self-renewing stem cells 
within the thyroid tissue cell population or thyroid cancer cell 
lines. Therefore, a sphere growth culture was performed to 
test the self-renewal potential and the colony-forming assay 
synchronously served as an in vitro surrogate measure of 
tumorigenicity.

As anticipated, we observed that SP cells from 
FTC133/HIF-1α cells formed at least 10-fold more tumor 
spheres than the NSP cells (p<0.01, Fig. 4A-C). Moreover, 
most SP cells could sustain a clone growth and form char-
acteristic compact round colonies when plated in a very low 
density, whereas NSP cells always grew as more elongated or 
flattened cells in a scattered pattern with much fewer clones 
formed (Fig. 4D-E). As shown in the colony forming assay, 
SP cells formed 6-fold more colonies in soft agar, compared 
with the NSP cells (p<0.05, Fig. 4F). Based on these functional 
assays, we concluded that the cells generated by EMT acquired 
further two attributes of thyroid cancer stem cells.

Discussion

Thyroid cancer is the most prevalent endocrine neoplasia and 
accounts for approximately 1% of all carcinomas (26). Among 
these, anaplastic thyroid carcinoma is considered to be one of 
the most rapidly growing lethal neoplasms in humans. Emerging 
evidence suggest that the acquisition of EMT is strongly associ-
ated with cancer cell invasion and tumor metastasis. Recently, 
studies have shown that cells with EMT phenotype share 
characteristics that are consistent with the signatures of cancer 
stem-like cells, which are associated with tumor recurrence 
and drug resistant phenotype and contribute to the demise of 
patients diagnosed with cancer (22,27,28). Understanding the 
molecular and cellular changes may generate novel targets that 
can overcome the aforementioned issues and reduce mortality.

In the current study, we made three novel observations. 
Firstly, we found that forced-expression of HIF-1α in epithelial-
type thyroid cancer cells induced cellular morphological 
changes that were consistent with the acquisition of EMT 
phenotype as characterized by the loss of expression of epithelial 
markers and the gain or increased expression of mesenchymal 
markers. Furthermore, these EMT-induced cells exhibited 
specific mesenchymal properties and were highly invasive and 
proliferative. Most importantly, the induction of EMT conferred 
the cells an increased clonogenic and sphere-forming capacity, 
the characteristics that are known to be associated with cancer 
stem-like cell characteristics.

EMT-inducers, such as transforming growth factor-β 
(TGF-β) or hypoxia, trigger changes in gene expression by 

complex signaling pathways. A basic mechanism involved 
in progression of EMT is upregulation of the mesenchymal 
marker vimentin and downregulation of the epithelial marker 
E-cadherin, the main transmembrane adhesion molecule 
responsible for cell-to-cell interactions and tissue organization 
in epithelial cells (29,30). In our study, FTC133 cells were identi-
fied as epithelial-type cells with specific protein expression. 
When overexpressed with HIF-1α, these cells (FTC133/HIF-1α) 
adopted mesenchymal cell properties, and presented fibroblas-
toid phenotypes, had a more extended and spindle-like shape. 
These significant morphological changes combined with 
specific protein analysis of a number of canonical EMT markers 
demonstrated that the epithelial tumor cells underwent EMT, in 
which high invasiveness and proliferation were identified with 
functional analysis as invasion and MTT assays. These find-
ings in FTC133 cells are consistent with our prior study that 
showed HIF-1α has a crucial role in EMT and is associated with 
an increased invasive ability in human prostate cancers (25). 
Previous mounting evidence suggests hypoxia as an important 
driving force and master regulator for the multistep process of 
metastasis (31,32). In addition, the activated HIFs may induce 
the expression of numerous gene products such as induced 
pluripotency-associated transcription factors (Oct-3/4, Nanog 
and Sox-2), glycolysis- and epithelial-mesenchymal transition 
(EMT) programme-associated molecules, including CXC 
chemokine receptor 4 (CXCR4), snail and twist, microRNAs 
and angiogenic factors such as vascular endothelial growth 
factor (VEGF). Moreover, several studies have suggested that 
Wnt/β-catenin signaling pathway plays an important role in 
epithelial-mesenchymal transition (33-36). Also in the current 
study, we found that the HIF-1α inducted EMT program is 
accompanied by activation of Wnt/β-catenin signal pathway 
and nucleus translocation of the adherens junction compo-
nent β-catenin. All these gene products in turn can play 
critical roles for high self-renewal ability, survival, altered 
energy metabolism, invasion and metastases of cancer cells, 
angiogenic switch and treatment resistance. Consequently, 
the targeting of hypoxic inducible factor signaling network 
and altered metabolic pathways in cancer- and metastasis-
initiating cells and their progenies as well as their supporting 
host cells represents new promising strategies to simultane-
ously eradicate the total mass of cancer cells and improve the 
efficacy of current therapies against aggressive and metastatic 
cancers and prevent disease relapse.

Self-renewal potential, which is one of the hallmarks of 
CSCs, has been demonstrated in CSCs through their ability to 
form colonies or spheres (37,38). In this study, we have shown 
that the induction of EMT in human thyroid cancer cells yields 
cells with much higher invasiveness and proliferation. We 
have confirmed, that such cells are greatly enriched in tumor-
initiating cells with markedly high CFE and sphere-formation 
capability, as well as specific stemness signatures of OCT4 
and ABCG2. Therefore, our findings suggest a close correla-
tion between EMT program and the emergence of CSC-like 
phenotype in thyroid cancer cells.

In previous studies, some scholars have described a 
‘parent-child relationship’ between EMT and CSC based on 
experiments that revealed some common molecular mecha-
nisms shared by the EMT development and CSC generation. 
Using a mammary tumor progression model, Morel et al 
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showed that acquisition of stemness characteristics in 
epithelial cells can be driven by EMT induction following 
the activation of the Ras-MAPK pathway (39). Mani et al 
also reported that the breast cancer cells that had undergone 
EMT triggered by various factors are rich source of stem-
like cancer cells and the induction of EMT in differentiated 
immortalized human mammary epithelial cells led to the 
acquisition of CD44+/CD24- stem cell phenotype (20). These 
data further support our findings that EMT program repre-
sents the driving force for the generation of cancer stem-like 
cells in thyroid cancer.

Collectively, our previous and current studies revealed, 
follicular thyroid cancer cells that acquired EMT phenotype 
as anaplastic thyroid cancer cells, shared cellular and molec-
ular characteristics of stem cells or cancer stem-like cells, 
most importantly, we firstly reported the increased cancer 
stem cell content directly correlates with EMT induction, 
and concluded that, the emergence of CSC-like phenotype 
occurs as a result of EMT in epithelial thyroid cancer cells. 
Activated Wnt/β-catenin signals by hypoxic stimulus played 
a critical role in linking EMT phenotype with stem cell 
signatures by activating EMT program. Therefore, in future 
studies we may emphasize elimination of stem-like cells 
by undermining the hypoxia microenviroment or hypoxic 
inducible factor signaling network, or further reversing EMT 
phenotypic cells to MET phenotype in anaplastic thyroid 
cancer. We firmly believe that strategies by which one could 
either reverse the EMT to MET phenotype or could selec-
tively kill EMT-phenotypic cells or cancer stem-like cells 
that are ‘Root cause’ of tumor development and recurrence, 
could become a novel approach for the prevention of tumor 
progression and/or treatment of anaplastic thyroid cancer and 
its metastasis for which newer therapies are urgently needed.
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