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Abstract: Background: Anaplastic thyroid carcinoma (ATC) is an undifferentiated tumor of the thyroid that has poor
prognosis owing to its aggressive behavior and resistance to current treatments. We hypothesized that the stem cell
properties induced by the epithelial-mesenchymal transition (EMT) was one of reasons for the dismal outcome of
ATC. Materials and methods: Paraffin blocks and slides of 17 ATC cases were retrieved. We also collected 60 cases
of papillary thyroid carcinoma (PTC) for comparison. We used immunohistochemistry to examine the expression
of multiple markers of cancer stem cells and EMT-activating transcriptional factors. Results: Majority of ATC cases
showed loss of epithelial (E)-cadherin expression (15/17); however, all PTC cases (60/60) retained E-cadherin ex-
pression. EMT-activating transcription factors, such as snail and slug, were more frequently expressed in ATC than
PTC cases (35.3% versus 6.7%, 76.5% versus 5%, respectively). Cancer stem cell markers such as CD133 and nes-
tin were more highly expressed in ATC than PTC (52.9% versus 5%, 52.9% versus 0%, respectively). Conclusion: We
found that the expression of EMT-related factors and stem cell markers was higher in ATC than PTC. We therefore
conclude that stemness induced by EMT plays an important role in the pathogenesis of ATC.
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Introduction

Anaplastic thyroid carcinoma (ATC) is an undif-
ferentiated tumor of the thyroid that has poor
prognosis owing to its aggressive behavior and
resistance to treatment [1]. The overall median
survival is only 2.5-6 months [2]. Recently, new
targeted therapies have improved life expec-
tancy in cancer patients. However, this has not
been the case for ATC patients. Therefore, it is
necessary to identify the specific molecular
alterations or mechanisms to target in order to
overcome the dismal outcome of ATC.

There have been several reports revealing the
molecules and mechanisms that are closely
associated with the poor clinical outcome of
ATC [3]. Among of them, we focused on the epi-
thelial-mesenchymal transition (EMT) and the

cancer stem cell (CSC) properties that are
induced by EMT as one of the potential causes
of poor clinical outcome [4].

EMT is a complicated mechanism that is
involved in pathologic conditions such as can-
cer cell progression as well as physiological
development [5-7]. Several studies suggest a
close correlation between poor prognosis and
genetic changes on the EMT-related genes of
many epithelial cancers [8-10]. Indeed, as with
other epithelial tumors, the role of EMT-
activating transcription factors in thyroid carci-
nogenesis is well documented [11-13].
According to these studies, the expression of
EMT-related factors such as snail, slug, and
twist were observed in ATC and papillary thyroid
carcinoma (PTC). Recently, interesting results
suggested that EMT is related with tumor recur-
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Table 1. Summary of the antibodies used in this study

Materials and methods

Name Manufacturer Antigen retrieval Dilution i

- X Case selection
E-cadhrein DAKO, Glostrup, Denmark Citrate 1:50
Snail Abcam,Cambridge, UK Microwave 1:100 Paraffin blocks and slides from 17
Slug Abcam, Cambridge, UK Microwave 1:50 cases of ATC and 60 cases of PTC
CD133 Abcam, Cambridge, UK Microwave 1:100 were retrieved from the archives of
Nestin Chemicon, Temecula, USA  Microwave 1:200 the Department of Pathology at the

rence and drug resistance, processes that are
tightly linked to the biology of CSCs [14-17].
Based on these results, we hypothesized that
EMT induction and CSC properties strongly
affect the pathogenesis of ATC. Therefore, we
evaluated the expression of CSC markers and
EMT regulators simultaneously in ATC cases.
We also studied mutations on the B-RAF ser-
ine/threonine kinase proto-oncogene (BRAF), a
well-known oncogenic gene in PTC. BRAF muta-
tions are the most prevalent and important
oncogenic alterations in thyroid tumors [18].
The association between BRAF mutations and
the tumorigenesis of PTC has been consistently
revealed in many studies, regardless of the
diverse geographical and ethnic backgrounds
of study subjects [19]. In addition to the pivotal
role of these mutations in the initiation of PTC
tumorigenesis, they may also be involved in the
progression from PTC to ATC [18, 20]. Therefore,
we thought that BRAF mutations would have an
important role in the anaplastic transformation
of thyroid tumors. Therefore, we hypothesized
that BRAF mutations affect the expression of
CSC and EMT-related markers. To study this, we
evaluated the association between BRAF muta-
tions and the expression of CSC or EMT-related
markers in ATC as well as PTC.

Although the EMT process and CSC properties
have been widely studied in relation to the poor
clinical outcomes of many epithelial cancers,
there are limited studies in thyroid tumors [11-
13, 21-27]. In addition, the association between
BRAF mutations and EMT-induced stemness is
less well known in thyroid tumors. Therefore,
we used immunohistochemistry to evaluate the
expression of these markers and to determine
their effects on the pathogenesis of ATC com-
pared to PTC. We also performed additional
BRAF V60OE mutation analysis to evaluate the
effect of BRAF mutations on the expression of
EMT and CSC markers between ATC and PTC.
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Korea Cancer Center Hospital from

1998 to 2013. The electrical medi-
cal records of the patients corresponding to
these cases were reviewed. This study was
approved by the Institutional Review Board of
the Korea Cancer Center Hospital.

Tissue microarray

Tissue microarray (TMA) was generated by
obtaining a 4 mm diameter core from each
donor block and transferring them to a recipi-
ent block using a trephine apparatus
(SuperBioChips laboratories, Seoul, Republic of
Korea). The TMA consisted of 17 cases of ATC
and 60 cases of PTC.

Immunohistochemistry

Four-micrometer thick sections were obtained
from the TMA blocks and were stained with the
primary antibody. Immunohistochemical stain-
ing was carried out using the standard avidin-
biotin-peroxidase complex (ABC) method.
Primary antibodies used in the immunohisto-
chemical study are summarized in Table 1.
Results from epithelial (E)-cadherin, snail, slug,
CD133, and nestin immunostaining were divid-
ed into two groups: negative and positive. The
presence of immunoreactivity for cytoplasmic
and membrane E-cadherin regardless of the
intensity was regarded as positive. In the
absence of immunoreactivity, staining was
defined as a negative. For snail and slug, the
nuclear staining of more than 50% of the speci-
men regardless of staining intensity was con-
sidered positive. Cytoplasmic or nuclear stain-
ing of less than 50% of the specimen was
defined as a negative. Positive staining for
CD133 and nestin was defined as membrane
or cytoplasmic staining with strong intensity in
more than 50% of the specimen. Nuclear stain-
ing, cytoplasmic staining with weak intensity,
and cytoplasmic staining with strong intensity
in less than 50% of the specimen were regard-
ed as negative. Figure 1 shows representative
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Figure 1. The expression of EMT-related markers in ATC and PTC. ATC cells show mesenchymal features (A) and fre-
quently show loss of E-cadherin expression (B). Snail and slug proteins are expressed in the nucleus of ATC cells and
this staining is regarded as positive (C and E). Cytoplasmic staining is defined as negative (D and F). Representative
hematoxylin and eosin staining (G) and staining for E-cadherin (H), snail (I, J), and slug (K, L) in PTC cases. All PTC
cases show characteristic nuclear features of PTC (G) and retain E-cadherin expression (H). A small percentage of
PTC cases are immunoreactive for snail (1) and slug (K), and almost all cases reveal no immunoreactivity for snail (J)

and slug (L). Original magnification: x200.

images of immunohistochemistry for E-cad-
herin, snail, slug, CD133 and nestin staining in
ATC and PTC cases.

DNA extraction and polymerase chain reaction
amplification

Tumor rich areas (>80%) were extracted from
formalin-fixed paraffin-embedded (FFPE) tumor
samples using manual microdissection under
microscopy. DNA was isolated from tumor
tissue using the DNeasy Blood and Tissue kit
(Qiagen, Valencia, CA) according to the
manufacturer’s instructions. Then, 5 pL of
template DNA was added to 50 uL of the
polymerase chain reaction (PCR) solution (5 uL
of 10x MG Tag-HF buffer, 0.4 uL of 25 mM MG
deoxynucleotide triphosphate mixture, 1 uL of
10 pmol Primer (x2), 0.3 pL of MG Tag-HF
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polymerase, and distilled water). The BRAF-
Forward (5’-CTTCATAATGCTTGCTCTGATAGG-
3’)/BRAF-Reverse (5-GGCCAAAAATTTAATCAG-
TGGAA-3’) primers were used. The PCR cycling
conditions were as follows: initial denaturation
at 95°C for 10 min, followed by 40 cycles of
amplification consisting of denaturation at
95°C for 30 sec, annealing at 55°C for 30 sec,
and extension at 72°C for 30 sec.

BRAF pyrosequencing

A 20 pL aliquot of PCR product was bound to
streptavidin sepharose HP (GE Healthcare,
Uppsala, Sweden), purified, washed, denatured
in 0.2 mol/L NaOH solution, and washed again.
Then, 10 pmol/L of pyrosequencing primer
(5’-CCACTCCATCGAGATT-3’) was annealed to
the purified single-stranded PCR product, and

Int J Clin Exp Pathol 2015:8(1):560-568
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Table 2. Clinical and histopathological characteristics of 17 cases of ana-
plastic thyroid carcinoma and 60 cases of papillary thyroid carcinoma

(Chicago, IL, USA); P <
0.05 was considered

Characteristics ATC PTC significant.

Age (range) 61 (44-77) 66.2 (25-66) Results

Sex (M:F) 1:3 1:3

Mean sizes of largest dimension (range) 5.4 cm (2.5-9.5cm) 0.9 cm (0.2-2.5 cm) Clinicopathological
Lymph node metastasis findings

abscent 2 34 Our ATC patients ran-
present _ ) 15 26 ged in age from 44 to
Extrathyroidal extension 77 years (mean age:
abscent 0 26 61.1 years) and PTC
present 17 34 patients ranged in age
Histology from 25 to 66 years
ATC with PTC 8 (mean age: 66.2). The
ATC 8 male-to-female ratio
PTC 60 was 1:3 in ATC and

ATC: anaplastic thyroid carcinoma, PTC: papillary thyroid carcinoma.

Table 3. Expression of epithelial mesenchymal
transition (EMT)-activating factors and cancer
stem cell (CSC) markers in ATC and PTC

Antibody ATC PTC P-value
E-cadherin
positive 2(11.8%) 60 (100%)
) 0.000
negative 15 (88.2%) 0 (0%)
snail
positive 6 (35.3%) 4 (6.7%)
. 0.006
negative 11 (64.7%) 56 (93.3%)
slug
positive 13 (76.5%) 3 (5.0%)
. 0.000
negative 4 (23.5%) 57 (95.0%)
CD133
positive 9 (52.9%) 3 (5.0%)
) 0.000
negative 8 (47.1%) 57 (95.0%)
nestin
positive 9 (52.9%) 0 (0%)
. 0.000
negative 8 (47.1%) 30 (100%)

pyrosequencing was performed on a PyroMark
ID system (Qiagen) following the manufacturer’s
instructions.

Statistics

Pearson’s chi-square test was used to assess
the relevance of expression of the EMT-
activating factors and CSC markers with refer-
ence to histological diagnosis, combined histol-
ogy, and BRAF V600E mutation. All statistical
analyses were performed with SPSS version 18
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PTC. Fifteen of 17 ATC
patients showed lym-
ph node metastasis,
while 2 patients showed no metastasis to the
lymph nodes. Twenty-six PTC patients showed
lymph node metastasis, while 34 showed no
metastasis. On microscopic examination, the
largest mass had a mean size of 5.4 cm in ATC
patients (range: 2.5-9.5 cm) and 0.9 cm in PTC
patients (range: 0.2-2.5 cm). All ATC and 34 PTC
cases showed extra-thyroidal extension of
mass on microscopic examination. Eight of 17
ATC patients simultaneously had conventional
papillary carcinoma as well as ATC and one
patient had a poorly differentiated thyroid carci-
noma and ATC. Undifferentiated spindle cells
were detected in all ATC cases. These results
are summarized in Table 2.

EMT and CSC markers’s expression in ATC and
PTC

EMT-associated markers: We compared the
expression of EMT-associated markers between
ATC and PTC. Loss of E-cadherin expression
was observed in 15 ATC cases (88.2%), while 2
ATC cases (11.8%) retained E-cadherin expres-
sion. In contrast to ATC, all PTC cases retained
E-cadherin expression. The frequency and
staining pattern of EMT-associated markers
such as snail and slug were also clearly differ-
ent between ATC and PTC (Figure 1). In PTC,
immunoreactivity for snail and slug expression
was only observed in 4 of 60 (6.7%) and 3 of 60
(5%) cases, respectively. Based on these
results, ATC cases showed more frequent
immunoreactivity for snail and slug protein. Six

Int J Clin Exp Pathol 2015;8(1):560-568
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Figure 2. The expression of cancer stem cell markers in ATC and PTC. CD133 and nestin are highly over-expressed
in the membrane and cytoplasm of ATC cells and this staining is regarded as positive (A and C). ATC cases showing
very weak cytoplasmic staining for CD133 (B) and nestin (D) were regarded as a negative. Representative images
of staining for CD133 (E, F) and nestin (G) in PTC cases. A few PTC cases reveal positive staining for CD133 (E) and
almost cases show negative staining for CD133 (F). All PTC cases show no immunoreactivity for nestin (G). Original

maghnification: x200.

of 17 (35.3%) ATC cases showed immunoreac-
tivity for snail, and 13 of 17 (76.5%) ATC cases
showed expression of slug. The frequency of
expression of EMT-associated markers was sig-
nificantly different between ATC and PTC. These
results are summarized in Table 3.

Cancer stem cell markers: To compare the
expression of CSC markers between ATC and
PTC, we performed immunohistochemistry for
CD133 and nestin (Figure 2). Nine of 17 (52.9%)
ATC cases showed immunoreactivity for CD133.
On the other hand, only 3 cases of PTC (5%)
showed immunoreactivity for CD133. The immu-
nostaining result for nestin was also different
between the two groups. Nine of 17 (52.9%) ATC
cases showed immunoreactivity for nestin,
while none of the PTC cases showed any immu-
noreactivity. Similar to the EMT-associated
markers, the expression of CSC markers was
significantly different between ATC and PTC
patients. These results are summarized in Table
3.

BRAF V60OOE mutation and the expression of
EMT or CSC markers’s expression in ATC and
PTC

ATC: Seventeen tumors were analyzed for BRAF
mutations. Eight of the 17 cases were suitable
for BRAF V60OOE mutation analysis. BRAF V6OOE
mutations were detected in two cases (2/8,
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25%) (Figure 3). One of the 2 cases had both
papillary carcinoma and undifferentiated carci-
noma in same tumor, while the other case had
only homogeneous undifferentiated carcinoma.
The expression levels of EMT-associated mark-
ers and CSC markers were different in the two
BRAF V600OE mutant ATC cases. Loss of
E-cadherin expression and no immunoreactivi-
ty for snail were observed in both cases.
Staining results for slug, nestin, and CD133
were different in both cases. One case showed
immunoreactivity for slug and nestin but no
reactivity for CD133, while the other revealed
CD133 immunoreactivity but none for slug and
nestin.

PTC: We divided 60 cases of PTC into 2 groups
according to BRAF V60OE mutation status, and
compared the expression of EMT-related fac-
tors and CSC markers between the two groups.
Immunoreactivity for snail was observed in 3
cases (3/30, 10%) of PTC with BRAF V60OE
mutation and 1 case (1/30, 3.3%) of PTC with-
out BRAF V60OE mutation. Immunoreactions
for slug were different between the two groups
and in contrast to those of snail immunoreac-
tivity. Only 3 cases (3/30, 10%) of PTC without
BRAF V600OE mutation revealed immunoreac-
tivity for slug, while no cases of PTC with BRAF
V600E mutation showed immunoreactivity for
slug. On examining the expression of CSC mark-

Int J Clin Exp Pathol 2015:8(1):560-568
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Table 4. Expression of EMT-activating factors and
CSC markers according to BRAF V60OOE mutation
status in PTC

PTC with BRAF  PTC without BRAF  P-

ANtibody 600 mutation  VEOOE mutation  value
E-cadherin
Positive 30 (100%) 30 (100%)
Negative 0 (0%) 0 (0%)
snail
Positive 3 (10%) 1(3.3%) 0.301
negative 27 (90%) 29 (96.7%)
slug
positive 0 (0%) 3 (10%) 0.076
negative 30 (100%) 27 (90%)
CD133
positive 1(3.3%) 2 (6.7%) 0.554
negative 29 (96.7%) 28 (93.3%)
nestin
positive 0 (52.9%) 0 (0%)

negative 30 (100%) 30 (100%)

NA: Not applicable.

ers, there was no distinct difference between
the two groups. All PTC cases showed no immu-
noreaction for nestin regardless of their BRAF
mutation status. CD133 expression was
observed in 1 case (1/30, 3.3%) of PTC with
BRAF V600OE mutation and 2 cases (2/30,
6.7%) of PTC without BRAF V60OE mutation.
The association between the BRAF V600OE
mutation and the expression of EMT-associated
markers and CSC markers was not statistically
significant in the two groups. These results are
summarized in Table 4.

Discussion

EMT is a complicated process through which
epithelial cancer cells acquire a reversible
change in phenotype. The first step of this pro-
cess is the loss of E-cadherin expression
through the activation of transcriptional repres-
sors such as snail, slug, and sipl. The EMT pro-
cess results in the loss of cell-cell adhesion
and the acquisition of invasive or metastatic
abilities. Several studies have revealed that
EMT-related factors are closely related with
clinicopathological features in various epitheli-
al cancers, including thyroid tumors. Salerno et
al. [12] and Buehler et al. [11] described the
important role of slug and twist in thyroid
tumors, especially in ATC. In addition to the role
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of EMT-activating transcription factors in ATC,
their role in well-differentiated thyroid carcino-
ma was also suggested by Hardy et al. [13].
They described the over-expression of snail and
slug in papillary carcinoma and follicular carci-
noma. However, the results suggested by Hardy
et al. [13] are not consistent with ours. We ana-
lyzed the expression of snail and slug in PTC as
well as ATC. By comparing the expression of
snail and slug between ATC and PTC cases, we
found that significant over-expression of EMT-
related markers was observed in ATC, while the
over-expression in PTC was restricted. Based
on these results, we conclude that EMT mark-
ers have a more important role in ATC than in
PTC. This finding was similar to the results from
Hardin et al. [28] indicating that there was no
significant over-expression of EMT-activating
transcription factors in PTC.

The concept of EMT has been integrated with
CSCs in cancer biology [25]. Indeed, experi-
mental data reveal that the EMT process induc-
es CSC features in many epithelial cancer cell
lines [25, 29, 30]. According to these studies,
CSC characteristics are sustained by the induc-
tion of EMT. Therefore, there is a correlation
between CSC properties and the induction of
EMT. Recently, CSCs were described to have a
major effect on tumor cell proliferation, inva-
sion, and resistance to conventional treatment.
ATC showed more invasive and aggressive
characteristics compared to PTC; therefore,
ATC was more resistant to treatment than PTC.
Based on well-known facts about CSCs and the
clinical features of ATC, we suspected that the
CSC features induced by EMT had an effect on
the aggressiveness and treatment-resistance
of ATC. Therefore we thought that it would be
meaningful to compare the expression of CSC
markers between ATC and PTC. Some studies
had already revealed the significant over-
expression of CSC markers in ATC cells, but
these results were obtained using thyroid cell
lines [21, 22, 31, 32]. Only a few studies
revealed the expression of CSC markers in ATC
with FFPE tissues [22, 25]. Zito et al. showed
CD133 protein over-expression in 10 ATC cases
(80%). Although they were limited by having few
cases, Liu et al. also showed the over-expres-
sion of CSC markers, such as CD133, CD44,
and nestin in ATC. Similarly, CSC markers were
over-expressed in the majority of our ATC cases

Int J Clin Exp Pathol 2015:8(1):560-568
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Figure 3. The BRAF mutation study was carried out using pyrosequencing with formalin-fixed paraffin-embedded
tissue. Representative images of mutant type (A, arrow indicates the mutation site) and wild type (B). All the BRAF
mutated cases had T>A transition change of a single amino acid, from valine to glutamic acid (V600E).

compared to the PTC cases. Based on the
aforementioned results, we conclude that CSC
features induced by EMT have a more impor-
tant role in the development of ATC than in PTC.

We performed BRAF mutation analysis using
pyrosequencing in 8 ATC cases. Few studies
have analyzed BRAF mutations in ATC even
though the frequency of these mutations rang-
es 10-20% [20, 33-35]. Our results showed
20% BRAF mutation frequency in ATC cases,
which was similar to the results of other stud-
ies. Using a mouse model, Knauf et al. [1] found
that the thyroid-specific expression of oncogen-
ic BRAF mutations enhanced the development
of papillary carcinoma including poorly differen-
tiated thyroid tumors. By performing microarray
analysis on these tumors, they also found pro-
found deregulation of EMT-related genes. We
therefore hypothesized that the role of BRAF
mutations was to induce EMT and CSC proper-
ties in ATC and PTC. Thus, we evaluated the
relation between the BRAF VE0OOE mutation
status and expression of EMT markers or CSC
markers in ATC and PTC. Two BRAF mutant ATC
cases showed no consistent immunostaining
for slug, CD133, and nestin. However, because
of the few cases examined, it is difficult to inter-
pret these results. Therefore, we performed
additional analysis on 60 cases of PTC divided
into two groups according to the presence of
the BRAF V60OE mutation. In this analysis, 3
cases (10%) of PTC with the BRAF mutation
showed an immunoreaction for snail, and this
immunoreactivity was higher than in PTC with-
out the BRAF mutation (3.3%). However, this
did not reach statistical significance, because
the frequency of immunoreactivity for snail in 2
cases was too low. In addition to snail expres-
sion, slug immunoreactivity was only observed
in a few PTC cases regardless of the BRAF
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mutation, and there was no statistical differ-
ence between the two groups. On examining
the CSC markers, only a few cases of PTC with-
out the BRAF mutation and PTC with the BRAF
mutation were immunoreactive for CD133.
Moreover, there was no immunoreactivity for
nestin in any of the PTC cases regardless of the
presence of the BRAF mutation. Therefore, we
conclude that the BRAF mutation in PTC does
not affect the expression of EMT-related mark-
ers and CSC markers. In addition, the effect of
the BRAF V6OOE mutation on the expression of
EMT-related markers and CSC markers in ATC
should be re-evaluated on more ATC cases.

Conclusion

Our study reveals that EMT-related factors and
CSC markers are more over-expressed in ATC
than PTC. Furthermore, BRAF mutations do not
significantly affect the expression of CSC mark-
ers and EMT-activating factors in PTC. Based
on our results, we conclude that stemness
induced by EMT plays an important role in ATC.
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