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Abstract
Introduction: An immunohistochemical study has occa-
sionally been performed to diagnose anaplastic thyroid car-
cinoma (ATC). However, antibodies to confirm the undiffer-
entiated nature of ATC have not yet been evaluated. The 
aim of this study was to evaluate E-cadherin and β-catenin 
expressions in immunoreactivity to determine undifferenti-
ated carcinoma cells in the diagnosis of ATC. Methods:  
We immunohistochemically examined 29 ATCs, 30 poorly 
differentiated thyroid carcinomas (PDTCs), 22 well-differen-
tiated thyroid carcinomas (WDTCs), and 3 squamous cell 
carcinomas. Antibodies for thyroid transcription factor-1 
(TTF-1), paired-box gene 8 (PAX8), β-catenin, and E-cad-
herin were used. Results: All WDTCs tested positive for  
TTF-1, PAX8, and E-cadherin. The positive rates of TTF-1, 
PAX8, and E-cadherin were 93.3, 93.3, and 100%, respective-
ly, in PDTCs and 17.2, 51.7, and 10.3%, respectively, in ATCs. 
WDTC expressed the lateral cell membrane staining for 
β-catenin and E-cadherin, whereas PDTC showed circumfer-

ential cell membranous expression (fishnet pattern). 
β-catenin cell membrane expression in ATCs is lost or dis-
continuous. Carcinoma cells with β-catenin nuclear expres-
sion without cell membranous expression were scattered in 
72.4% of ATCs but were not observed in the other carcino-
mas. Conclusion: We propose 3 immunohistochemical find-
ings to determine undifferentiated carcinoma cells in the 
diagnosis of ATC: (1) β-catenin nuclear expression with no 
or reduced cell membranous expression, (2) the loss or dis-
continuous pattern of E-cadherin expression, and (3) the 
loss of PAX8 nuclear expression. © 2021 S. Karger AG, Basel

Introduction

Anaplastic thyroid carcinoma (ATC) is a highly ag-
gressive malignant thyroid tumor that accounts for 
1–1.7% of all thyroid cancers [1, 2]. Microscopically, ATC 
is wholly or partially composed of undifferentiated cells 
with immunohistochemical or ultrastructural features of 
epithelial differentiation. As pre-existing thyroid disease 
is a major etiologic factor in the development of ATC, 
pre-existing or coexisting well-differentiated carcinoma 
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or poorly differentiated thyroid carcinoma (PDTC) has 
been demonstrated in 23–78% of ATC cases [3, 4]. A 
component of squamous cell carcinoma (SCC) or sarco-
ma may also coexist. According to a review by the ATC 
Research Consortium of Japan (ATCCJ), 33 of 156 cases 
(21.2%) initially diagnosed as ATC by local pathologists 
were subsequently found to be other malignancies or 
conditions [5]. The differential diagnosis of ATC is very 
broad, and careful examination is needed before making 
a diagnosis of ATC.

An immunohistochemical study has occasionally been 
performed to diagnose ATC. Cytokeratins and paired-
box gene 8 (PAX8) are commonly used to establish epi-
thelial and thyroid differentiation, respectively [6–8]. 
However, some cases show immunonegative expression 
of both antibodies [8, 9]. The results seem to indicate the 
undifferentiated nature of ATC, but a diagnostic signifi-
cance for the undifferentiated nature of ATC has not been 
established.

E-cadherin is immunohistochemically expressed in 
normal follicular cells and benign follicular lesions, while 
its expression diminishes with the progression of differ-
entiated thyroid carcinomas to undifferentiated ones 
[10–12]. β-catenin belongs to the family of cadherins and 
is localized in the cell membrane of thyroid follicular cells 
and carcinoma cells, but its expression was not found in 
ATC [13]. We hypothesized that the negative expression 
of E-cadherin and β-catenin could be utilized to deter-
mine undifferentiated carcinoma cells. The aim of this 
study was to evaluate E-cadherin and β-catenin expres-
sion in immunoreactivity to determine undifferentiated 
carcinoma cells in the diagnosis of ATC.

Materials and Methods

We searched the surgical pathology report database of 4,072 
thyroid carcinoma cases that were resected or biopsied at the 
Kuma Hospital between January 2016 and March 2020, and 29 

ATC cases (12 resected and 17 biopsied cases) and 27 PDTC cas-
es (26 resected and 1 biopsied cases) were extracted. Representa-
tive histological specimens were used in the present study. The 
histological diagnoses were confirmed by 2 pathologists (2nd and 
8th authors) based on the World Health Organization classifica-
tion [14]. In the histological specimens, the other histological 
components included papillary thyroid carcinoma (PTC; 7 cases), 
follicular thyroid carcinoma (FTC; 15 cases), PDTC (3 cases), and 
SCC (3 cases), as a part of the tumors. As PTC and FTC showed 
identical immunohistochemical profiles, they were arranged as 
well-differentiated thyroid carcinomas (WDTCs) in this study. In 
total, we examined 22 WDTCs, 3 SCCs, 30 PDTCs, and 29 ATCs. 
This study was granted an exemption from the requirement of 
ethics approval.

Immunostaining was performed using 3-µm-thick, formalin-
fixed, paraffin-embedded tissue. The primary antibodies, includ-
ing thyroid transcription factor-1 (TTF-1), PAX8, β-catenin, and 
E-cadherin, used in the immunostaining and antigen retrieval 
methods are shown in Table 1. Staining was carried out using the 
Leica Bondmax system (Leica Microsystems, IL, USA) and Bond 
refine kit (Leica Microsystems, IL, USA) according to the manu-
facturer’s recommendations. Normal follicular cells were used as 
positive controls, nuclear expression of TTF-1 and PAX8, and lat-
eral membranous expression of β-catenin and E-cadherin. Follicu-
lar cells were present in the same preparations in the resected cas-
es. However, we used external positive control preparations for 
biopsied cases because there were no follicular cells in the speci-
mens. Positive decision criteria for immunostaining were defined 
as cases with more than 10% carcinoma cells expressing moderate 
or strong positive staining [15].

Statistical analyses were performed using Stat Flex v.6 statistical 
software (Artech Co., Ltd., Osaka, Japan). Values of p < 0.05 were 
regarded as statistically significant in Fisher’s exact test.

Results

Table 2 shows the immunohistochemical results of 22 
WDTCs, 3 SCCs, 30 PDTCs, and 29 ATCs.

TTF-1: All 22 WDTCs showed diffuse and intensive 
nuclear expression of TTF-1. Of the 30 PDTCs, 28 (93.3%) 
were positive for TTF-1 (Fig. 1a). Five ATCs (17.2%) were 
TTF-1 positive (Fig. 2a), and the immunoreactivity was 

Table 1. Primary antibodies used in immunostaining and antigen retrieval methods

Antibody Clone Vendor Location Antigen 
retrieval

Dilution

TTF-1 8G7G3/1 DakoCytomation Carpinteria, CA, USA Heat (pH6) 1:100
PAX8 EPR13510 Abcam Cambridge, UK Heat (pH9) 1:250
Beta-catenin 14/Beta-catenin Becton Dickinson Transduction Laboratories Franklin Lakes, NJ, USA Heat (pH6) 1:400
E-cadherin NCH-38 Dako North America Carpinteria, CA, USA Heat (pH6) 1:400

TTF-1, thyroid transcription factor-1; PAX8, paired-box gene 8.
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Table 2. Immunohistochemical results of thyroid carcinomas

WDTC components (22),
n (%)

SCC components (3),
n (%)

PDTC (30),
n (%)

ATC (29),
n (%)

TTF-1 22 (100)*** 0 (0) 28 (93.3)*** 5 (17.2)
PAX8 22 (100)*** 2 (66.7) 28 (93.3)*** 15 (51.7)
β-catenin (cell membrane) 22 (100) 3 (100) 30 (100)* 24 (82.8)
β-catenin (cytoplasm) 0 (0)*** 2 (66.7) 22 (73.3) 26 (89.7)
β-catenin (nucleus) 0 (0)*** 0 (0)* 2 (6.7)*** 21 (72.4)
E-cadherin 22 (100)*** 3 (100)** 30 (100)*** 3 (10.3)

TTF-1, thyroid transcription factor-1; PAX8, paired-box gene 8; WDTC, well-differentiated thyroid carcinoma; SCC, squamous cell 
carcinoma; PDTC, poorly differentiated thyroid carcinoma; ATC, anaplastic thyroid carcinoma. * p < 0.05, ** p < 0.01, *** p < 0.001. 
Compared with ATCs.

a b

c d

Fig. 1. PDTC. The nuclei are strongly and diffusely positive for TTF-1 and PAX8. β-catenin and E-cadherin show 
cell membranous expression (fishnet pattern) (a, TTF-1, b, PAX8, c, β-catenin, d, E-cadherin). PDTC, poorly 
differentiated thyroid carcinoma; TTF-1, thyroid transcription factor-1; PAX8, paired-box gene 8.
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focal and weak to moderate. All ATCs with TTF-1 expres-
sion were core needle biopsy specimens. The immunore-
activity of ATCs was significantly lower than that of 
WDTCs or PDTCs (p < 0.001). All 3 SCCs tested negative 
for TTF-1.

PAX8: All 22 WDTCs showed diffuse and intensive 
nuclear staining for PAX8. The staining of PAX8 tended 
to be more intense than that of TTF-1. Positive rates for 
PAX8 in PDTCs (Fig. 1b), ATCs (Fig. 2b), and SCCs were 
93.3, 51.7, and 66.7%, respectively. The rate of ATCs was 
significantly lower than that of WDTCs or PDTCs (p < 
0.001).

ß-catenin: All WDTCs, PDTCs, and SCCs showed dif-
fuse, intense, and cell membranous positivity for 

β-catenin. In WDTCs, the reactivity was mainly located 
at the lateral membrane, and the luminal and basal mem-
branes were kept away from reactivity (Fig. 3). In PDTCs 
and SCCs, reactivity was continuously observed along the 
cell membrane (fishnet pattern) (Fig. 1c). The cell mem-
brane positivity rate for β-catenin in ATCs was 82.8% (24 
of 29 ATCs). The staining showed a fishnet pattern but 
was frequently discontinuous, and the intensity was 
weaker than that of the other carcinomas. Two ATCs with 
spindle cell components did not show cell membranous 
staining for β-catenin. Cytoplasmic staining of β-catenin 
was not observed in WDTCs. Of the 30 PDTCs, 22 (73.3%) 
diffusely expressed weak and homogeneous cytoplasmic 
staining associated with more intense cell membranous 

a b

c d

Fig. 2. ATC. TTF-1 and E-cadherin are negative. The nuclei are positive for PAX8. β-catenin shows cytoplasmic 
and nuclear expression, and cell membranous expression is reduced (a, TTF-1, b, PAX8, c, β-catenin, d, E-cad-
herin). ATC, anaplastic thyroid carcinoma; TTF-1, thyroid transcription factor-1; PAX8, paired-box gene 8.
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staining. Carcinoma cells with granular or inhomoge-
neous cytoplasmic staining were scattered in 2 PDTCs 
(6.7%) and 26 ATCs (89.7%) (Fig. 2c). Two ATCs showed 
dot-like intracytoplasmic positivity near the nuclei 
(Fig. 4). None of the WDTCs and SCCs showed nuclear 
reactivity for β-catenin. In 2 PDTCs (6.7%) and 21 ATCs 
(72.4%), nuclear β-catenin positivity was observed 
(Fig. 2c). In PDTCs, the number of positive carcinoma 
cells was small and scattered throughout the tumor. In 
ATCs, the proportion of positive carcinoma cells varied 
from 10 to 60%. The nuclear reactivity for β-catenin in 
ATCs was significantly more frequent than that in 
WDTCs, SCCs, and PDTCs (p < 0.001, p < 0.05, p < 0.001). 
Some carcinoma cells with mitotic figures showed cyto-
plasmic positivity. Carcinoma cells with cytoplasmic and 
nuclear expression and without cell membranous expres-
sion of β-catenin were scattered in 72.4% of ATCs, and 
carcinoma cells revealing such expression were not ob-
served in the other carcinomas.

E-cadherin: The E-cadherin positivity rates of WDTCs, 
SCCs, PDTCs, and ATCs were 100, 100, 100, and 10.3%, 
respectively. The rate of ATCs was significantly lower 
than that of WDTCs, SCC, and PDTCs (p < 0.001, p < 0.01, 
p < 0.001) (Fig. 2d). In WDTC, the intensity of the stain-
ing was high, and the positive localization was at the lat-
eral membrane of the carcinoma cells, similar to β-catenin. 
SCCs and PDTCs showed a fishnet pattern (Fig. 1d). In 
the 3 ATCs with E-cadherin expression, the staining was 
weak and discontinuous along the cell membrane (Fig. 5). 
In one ATC with E-cadherin expression, positivity was 

limited to the area around necrosis. Eleven ATC cases 
(52.4%) with negative E-cadherin expression showed nu-
clear localization of β-catenin and loss of PAX8.

Discussion

ATC is entirely or partially composed of undifferenti-
ated cells that have features of epithelial differentiation. 
Immunohistochemical studies are commonly used to 
confirm epithelial differentiation. Cytokeratins are the 

Fig. 3. FTC. β-catenin is mainly expressed at the lateral cell mem-
brane. Basal and apical membrane averted the expression. FTC, 
follicular thyroid carcinoma.

Fig. 4. ATC. The dot-like expression for β-catenin is seen (arrows). 
ATC, anaplastic thyroid carcinoma.

Fig. 5. ATC. Carcinoma cells show discontinuous cell membranous 
reactivity for E-cadherin. ATC, anaplastic thyroid carcinoma.
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most common and reliable epithelial markers, but not all 
cases are positive [16, 17]. Thyroglobulin, TTF-1, and 
PAX8 are considered markers of thyroid follicular cells, 
and almost all WDTCs are positive for antibodies [8, 18]. 
In contrast, ATCs are negative, or their reactivity is weak 
or focal [8, 18].

TTF-1 is a 38-kDa nuclear protein that plays an impor-
tant role in the early differentiation and morphogenesis 
of the thyroid gland. TTF-1 is commonly expressed in the 
nuclei of thyroid follicular and WDTC cells [19]. Reactiv-
ity for TTF-1 was retained in almost all PDTCs, but nu-
clear staining may be weak and/or focal [20]. In contrast, 
the ATC is usually negative for TTF-1 [19]. Our results 
were similar to previously reported data and support the 
idea that the loss of immunoreactivity for TTF-1 could be 
due to undifferentiated cells. In the present study, inter-
estingly, all 5 ATCs with TTF-1 expression were core-
needle biopsy specimens. The antigenicity of TTF-1 may 
be well-preserved in the core-needle biopsy specimens. 
Therefore, we should note that weak TTF-1 immunore-
activity is not evidence to deny ATC in core-needle bi-
opsy specimens.

PAX8 is a transcription factor essential for embryonic 
development of the thyroid [21]. The thyroid follicular 
cells show intensive nuclear immunoreactivity for PAX8, 
and their expression is detected immunohistochemically 
in carcinomas derived from follicular thyroid cells [21]. 
PTC, FTC, and PDTC invariably express PAX8, and ATC 
can show positivity [6–8, 21]. The positive rates of PAX8 
in ATCs ranged from 75 to 79% [6–8, 21]. The expression 
of PAX8 is useful for confirming that undifferentiated 
carcinoma cells are derived from thyroid follicular cells. 
In contrast, the loss of PAX8 was confirmed to be due to 
undifferentiated cells. In any event, PAX8 immunostain-
ing is necessary for diagnosing ATCs.

β-catenin is a protein encoded by CTNNB1 and ap-
pears to be a key downstream effector of the Wnt pathway 
for regulating cell growth and survival, and plays a critical 
role in maintaining cell-cell adhesion [22]. The thyroid 
follicular cells and follicular adenomas show cell mem-
brane expression of β-catenin, which shifts to cytoplas-
mic and nuclear localization in PTC and FTC [23]. The 
loss of β-catenin membranous staining and its cytoplas-
mic accumulation seem to be associated with the aggres-
sive clinicopathologic behavior of PTCs [24, 25]. Rossi et 
al. [13] reported that β-catenin expression was observed 
in 80% of PDTCs and not in ATCs, but the expression 
locus was not mentioned.

In the present study, we observed 4 expression pat-
terns on β-catenin immunostaining: lateral membra-

nous, fishnet, cytoplasmic, and nuclear patterns. All 
WDTCs showed a lateral membranous pattern. The cy-
toplasmic and nuclear localization reported by Rezk et al. 
[23] and Ziari et al. [24] were not observed in our cases. 
A fishnet pattern that indicates intense and continuous 
cell membranous expression with or without homoge-
neous and weak cytoplasmic positivity was characteristic 
of PDTC.

It is commonly thought that the aberrant nuclear and 
cytoplasmic immunoreactivity of β-catenin is related to a 
mutation in CTNNB1. Among the thyroid carcinomas, 
the findings have been described in cribriform PTC, PTC 
with desmoid-type fibromatosis, PDTC, and ATC [12, 
26–30]. However, this mutation is not always detected in 
carcinomas with aberrant β-catenin expression [27]. 
CTNNB1 mutations have been implicated in the progres-
sion of PTDC and ATC. According to a report by Garcia-
Rostan et al. [29], CTNNB1 mutations and β-catenin nu-
clear localization were detected in 25 and 21.4% of PDTCs, 
and 65.5 and 48.3% of ATCs, respectively. In this study, 
cell membrane expression was discontinuous and weak 
in ATCs. Cytoplasmic granular and nuclear patterns were 
0 and 0%, 6.7 and 6.7%, and 89.7 and 72.4% of WDTCs, 
PDTCs, and ATCs, respectively. The carcinoma cells with 
β-catenin nuclear expression with no or reduced cell 
membranous expression were scattered in 72.4% of 
ATCs, while the other carcinomas did not show this ex-
pression. These findings are characteristic of ATCs. How-
ever, we do not think there is a direct relationship be-
tween the staining pattern of β-catenin and the CTNNB1 
mutation. If ATC harbors a CTNNB1 mutation, almost 
all carcinoma cells should show aberrant nuclear localiza-
tion of β-catenin. Further studies are required to deter-
mine the significance of these results. Some carcinoma 
cells with mitotic figure show cytoplasmic positivity; 
however, the findings seem unrelated to CTNNB1 muta-
tion because an increased cytoplasmic and nuclear local-
ization of β-catenin is generally observed during the S and 
G2 phases [31]. We conclude that the pattern of β-catenin 
expression was characteristic of ATC and could be evi-
dence of undifferentiated carcinoma cells.

We observed perinuclear dot-like immunostaining for 
β-catenin in patients with ATC. In general, this staining 
pattern is due to Golgi accentuation or aggregation of in-
termediate filaments [32, 33]. However, to the best of our 
knowledge, the β-catenin staining pattern has not been 
described. ATC with rhabdoid features has a pale para-
nuclear inclusion that consists of the aggregation of inter-
mediate filaments [34], but ATC cells with the staining 
pattern of β-catenin did not show rhabdoid features. It is 
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still unclear what perinuclear dot-like immunostaining of 
β-catenin means.

E-cadherin is expressed in epithelial cells, where it reg-
ulates cell-cell adhesion, cell migration, and polarity, and 
decreases during the epithelial-mesenchymal transition, 
which is a major pathological mechanism in tumor pro-
gression of WDTC to ATC [35]. Montemayor-Garcia et 
al. [35] reported that E-cadherin membranous staining 
was strongly expressed in thyroid follicular cells and 
WDTCs, whereas its expression was not observed in 7 of 
10 ATCs. According to a report by Choi et al. [36], E-
cadherin staining was noted in 100% of WDTCs, 91% of 
PDTCs, and 60% of ATCs. In the present study, E-cad-
herin expression was present in 100, 100, and 10.3% of 
WDTCs, PDTCs, and ATCs, respectively. Among the an-
tibodies we used, the positive rate of E-cadherin in ATC 
cases was the lowest, and the loss of expression was spe-
cific to ATC. In the 3 ATCs with E-cadherin expression, 
the staining was weak and discontinuous along the cell 
membrane. We conclude that the loss or discontinuous 
pattern of E-cadherin expression could be used to deter-
mine undifferentiated carcinoma cells. When observing 
the findings, it is important to confirm that thyroid fol-
licular cells are properly stained as an internal positive 
control.

According to the reports by Hirokawa et al. [5], 39.7% 
of ATC cases with long-term survival were considered 
not to have ATC after central review. Most of the overdi-
agnosis cases were carcinomas with SCC components, 
followed by PDTC. In this, both SCC and PDTC showed 
intense cell membranous positivity (fishnet pattern) for 
both β-catenin and E-cadherin. Therefore, we believe that 
immunohistochemistry using β-catenin and E-cadherin 
is useful for distinguishing ATC from SCC and PDTC 
components.

In conclusion, we propose 3 findings to detect undif-
ferentiated carcinoma cells: (1) β-catenin nuclear expres-
sion with no or reduced cell membranous expression, (2) 
loss or discontinuous pattern of E-cadherin expression, 

and (3) loss of PAX8 nuclear expression. Of the ATC cas-
es, 52.4% had all 3 findings. For the remaining cases, we 
recommend that a panel of 3 antibodies be used to make 
a comprehensive decision.

Acknowledgements

We would like to thank Editage (www.editage.com) for English 
language editing.

Statement of Ethics

This research study was conducted retrospectively from resect-
ed thyroid tissue. We consulted extensively with the Ethics Com-
mittee of Kuma Hospital who determined that our study did not 
need ethical approval. All subjects have given their written in-
formed consent.

Conflict of Interest Statement

The authors declare that they have no conflicts of interest.

Funding Sources

The authors declare that no funding was received for this study.

Author Contributions

Risa Kanematsu performed the study planning, conception, 
and wrote the manuscript. Mitsuyoshi Hirokawa contributed to 
the study planning, reviewed, and corrected the manuscript. Aki 
Tanaka helped with technical assistance. Ayana Suzuki helped 
with data acquisition, reviewed, and corrected the manuscript. Mi-
yoko Higuchi helped with data acquisition and reviewed the man-
uscript. Seiji Kuma helped with data acquisition and reviewed the 
manuscript. Toshitetsu Hayashi helped with data acquisition, re-
viewed, and corrected the manuscript. Akira Miyauchi provided 
critical feedback, reviewed, and corrected the manuscript.

References

 1 Akslen LA, Haldorsen T, Thoresen SO, Glat-
tre E. Incidence of thyroid cancer in Norway 
1970–1985. Population review on time trend, 
sex, age, histological type and tumour stage in 
2625 cases. APMIS. 1990 Jun; 98(6): 549–58.

 2 Hundahl SA, Fleming ID, Fremgen AM, 
Menck HR. A national cancer data base report 
on 53,856 cases of thyroid carcinoma treated 
in the U.S., 1985-1995. Cancer. 1998 Dec; 

83(12): 2638–48.

 3 Venkatesh YS, Ordonez NG, Schultz PN, 
Hickey RC, Goepfert H, Samaan NA. Ana-
plastic carcinoma of the thyroid. A clinico-
pathologic study of 121 cases. Cancer. 1990 
Jul; 66(2): 321–30.

 4 Carcangiu ML, Steeper T, Zampi G, Rosai J. 
Anaplastic thyroid carcinoma. A study of 70 
cases. Am J Clin Pathol. 1985 Feb; 83(2): 135–58.

 5 Hirokawa M, Sugitani I, Kakudo K, Sakamoto 
A, Higashiyama T, Sugino K, et al. Histopath-

ological analysis of anaplastic thyroid carci-
noma cases with long-term survival:  a report 
from the anaplastic thyroid carcinoma re-
search consortium of Japan. Endocr J. 2016 
May; 63(5): 441–7.

 6 Nonaka D, Tang Y, Chiriboga L, Rivera M, 
Ghossein R. Diagnostic utility of thyroid tran-
scription factors Pax8 and TTF-2 (FoxE1) in 
thyroid epithelial neoplasms. Mod Pathol. 
2008 Feb; 21(2): 192–200.

D
ow

nl
oa

de
d 

by
: R

. K
an

em
at

su
 -

 6
22

31
9

58
.1

88
.9

7.
22

2 
- 

7/
12

/2
02

1 
5:

49
:0

9 
A

M

https://www.karger.com/Article/FullText/516263?ref=1#ref1
https://www.karger.com/Article/FullText/516263?ref=2#ref2
https://www.karger.com/Article/FullText/516263?ref=3#ref3
https://www.karger.com/Article/FullText/516263?ref=4#ref4
https://www.karger.com/Article/FullText/516263?ref=5#ref5
https://www.karger.com/Article/FullText/516263?ref=6#ref6


Kanematsu/Hirokawa/Tanaka/Suzuki/
Higuchi/Kuma/Hayashi/Miyauchi

Pathobiology8
DOI: 10.1159/000516263

 7 Bishop JA, Sharma R, Westra WH. PAX8 im-
munostaining of anaplastic thyroid carcino-
ma:  a reliable means of discerning thyroid 
origin for undifferentiated tumors of the head 
and neck. Hum Pathol. 2011 Dec; 42(12): 

1873–7.
 8 Suzuki A, Hirokawa M, Takada N, Higuchi 

M, Yamao N, Kuma S, et al. Diagnostic sig-
nificance of PAX8 in thyroid squamous cell 
carcinoma. Endocr J. 2015; 62(11): 991–5.

 9 Nikiforov YE, Seethala RR. Anaplastic carci-
noma. In:  Nikiforov YE, Biddinger PW, 
Thompson LDR, editors. Diagnostic pathol-
ogy and molecular genetics of the thyroid. 
2nd ed. Baltimore, MD:  Lippincott Williams 
&  Wilkins;  2012. p. 263–84.

10 Shakib H, Rajabi S, Dehghan MH, Ma-
shayekhi FJ, Safari-Alighiarloo N, Hedayati 
M. Epithelial-to-mesenchymal transition in 
thyroid cancer:  a comprehensive review. En-
docrine. 2019 Dec; 66(3): 435–55.

11 Tsiambas E, Ragos V, Georgakopoulos G, 
Rigopoulos DN, Fotiades PP, Chatziioannidis 
A, et al. E-cadherin/α-catenin deregulated co-
expression in thyroid carcinoma based on tis-
sue microarray digital image analysis. J 
BUON. 2016; 21(2): 450–5.

12 Wiseman SM, Masoudi H, Niblock P, Turbin 
D, Rajput A, Hay J, et al. Derangement of the 
E-cadherin/catenin complex is involved in 
transformation of differentiated to anaplastic 
thyroid carcinoma. Am J Surg. 2006 May; 

191(5): 581–7.
13 Rossi ED, Straccia P, Palumbo M, Stigliano E, 

Revelli L, Lombardi CP, et al. Diagnostic and 
prognostic role of HBME-1, galectin-3, and 
β-catenin in poorly differentiated and ana-
plastic thyroid carcinomas. Appl Immuno-
histochem Mol Morphol. 2013 May; 21(3): 

237–41.
14 El-Naggar AK, Baloch ZW, Eng C, Evans HL, 

Fagin JA, Faquin WC, et al. Anaplastic thy-
roid carcinoma. In:  Lloyd RV, Osamura RY, 
Kloppel G, Rosai J, editors. WHO classifica-
tion of tumours of endocrine organs. 4th ed. 
Lyon, France:  IARC Press;  2017. p. 104–6.

15 Hammond MEH, Hayes DF, Dowsett M, 
Allred DC, Hagerty KL, Badve S, et al. Amer-
ican society of clinical oncology/college of 
American pathologists guideline recommen-
dations for immunohistochemical testing of 
estrogen and progesterone receptors in breast 
cancer. J Clin Oncol. 2010 Jun; 28(16): 2784–
95.

16 Sawaf MH, Ouhayoun JP, Shabana AH, For-
est N. Cytokeratins, markers of epithelial cell 
differentiation:  expression in normal epithe-
lia. Pathol Biol (Paris). 1992 Jun; 40(6): 655–
65.

17 Lam KY, Lui MC, Lo CY. Cytokeratin expres-
sion profiles in thyroid carcinomas. Eur J Surg 
Oncol. 2001 Nov; 27(7): 631–5.

18 Harach HR, Franssila KO. Thyroglobulin im-
munostaining in follicular thyroid carcino-
ma:  relationship to the degree of differentia-
tion and cell type. Histopathology. 1988 Jul; 

13(1): 43–54.
19 Liu H, Lin F. Application of immunohisto-

chemistry in thyroid pathology. Arch Pathol 
Lab Med. 2015 Jan; 139(1): 67–82.

20 Romei C, Tacito A, Molinaro E, Piaggi P, Cap-
pagli V, Pieruzzi L, et al. Clinical, pathological 
and genetic features of anaplastic and poorly 
differentiated thyroid cancer:  a single insti-
tute experience. Oncol Lett. 2018 Jun; 15(6): 

9174–82.
21 Ozcan A, Shen SS, Hamilton C, Anjana K, 

Coffey D, Krishnan B, et al. PAX 8 expression 
in non-neoplastic tissues, primary tumors, 
and metastatic tumors:  a comprehensive im-
munohistochemical study. Mod Pathol. 2011 
Jun; 24(6): 751–64.

22 Gao C, Wang Y, Broaddus R, Sun L, Xue F, 
Zhang W. Exon 3 mutations of CTNNB1 
drive tumorigenesis:  a review. Oncotarget. 
2017 Nov; 9(4): 5492–508.

23 Rezk S, Brynes RK, Nelson V, Thein M, Pat-
wardhan N, Fischer A, et al. beta-Catenin ex-
pression in thyroid follicular lesions:  poten-
tial role in nuclear envelope changes in papil-
lary carcinomas. Endocr Pathol. 2004; 15(4): 

329–37.
24 Ziari K, Sanjari M, Safavi M. Immunohisto-

chemical evaluation of β-Catenin marker in 
papillary thyroid cancer:  clinicopathologic 
significance. Iran J Pathol. 2018; 13(2): 151–6.

25 Cerrato A, Fulciniti F, Avallone A, Benincasa 
G, Palombini L, Grieco M. Beta- and gamma-
catenin expression in thyroid carcinomas. J 
Pathol. 1998 Jul; 185(3): 267–72.

26 Hirokawa M, Matsuda K, Kudo T, Higuchi M, 
Suzuki A, Takada N, et al. Cribriform-moru-
lar variant of papillary thyroid carcinoma 
shows high Ki-67 labeling indices, despite its 
excellent prognosis. Pathobiology. 2019; 

86(5–6): 248–53.

27 Takada N, Mussazhanova Z, Hirokawa M, 
Nakashima M, Miyauchi A. Immunohisto-
chemical and molecular analyses focusing on 
mesenchymal cells in papillary thyroid carci-
noma with desmoid-type fibromatosis. 
Pathobiology. 2018; 85(5–6): 300–3.

28 Takada N, Hirokawa M, Ito M, Ito A, Suzuki 
A, Higuchi M, et al. Papillary thyroid carci-
noma with desmoid-type fibromatosis:  a clin-
ical, pathological, and immunohistochemical 
study of 14 cases. Endocr J. 2017 Oct; 64(10): 

1017–23.
29 Garcia-Rostan G, Camp RL, Herrero A, 

Rimm DL, Tallini G. Beta-catenin dysregula-
tion in thyroid neoplasms:  down-regulation, 
aberrant nuclear expression, and CTNNB1 
exon 3 mutations are markers for aggressive 
tumor phenotypes and poor prognosis. Am J 
Pathol. 2001 Mar; 158(3): 987–96.

30 Wiseman SM, Griffith OL, Deen S, Rajput A, 
Masoudi H, Gilks B, et al. Identification of 
molecular markers altered during transfor-
mation of differentiated into anaplastic thy-
roid carcinoma. Arch Surg. 2007 Aug; 142(8): 

717–9.
31 Olmeda D, Castel S, Vilaró S, Cano A. Beta-

catenin regulation during the cell cycle:  impli-
cations in G2/M and apoptosis. Mol Biol Cell. 
2003 Jul; 14(7): 2844–60.

32 Pai K, Baliga P, Shrestha BL. E-Cadherin ex-
pression:  a diagnostic utility for differentiat-
ing breast carcinomas with ductal and lobular 
morphologies. J Clin Diagn Res. 2013 May; 

7(5): 840–4.
33 Tanaka Y, Sano T, Qian ZR, Hirokawa M. Ex-

pression of adhesion molecules and cytokera-
tin 20 in merkel cell carcinomas. Endocr 
Pathol. 2004; 15(2): 117–29.

34 Feng G, Laskin WB, Chou PM, Lin X. Ana-
plastic thyroid carcinoma with rhabdoid fea-
tures. Diagn Cytopathol. 2015 May; 43(5): 

416–20.
35 Montemayor-Garcia C, Hardin H, Guo Z, 

Larrain C, Buehler D, Asioli S, et al. The role 
of epithelial mesenchymal transition markers 
in thyroid carcinoma progression. Endocr 
Pathol. 2013 Dec; 24(4): 206–12.

36 Choi YL, Kim MK, Suh JW, Han J, Kim JH, 
Yang JH, et al. Immunoexpression of HBME-
1, high molecular weight cytokeratin, cyto-
keratin 19, thyroid transcription factor-1, and 
E-cadherin in thyroid carcinomas. J Korean 
Med Sci. 2005 Oct; 20(5): 853–9.

D
ow

nl
oa

de
d 

by
: R

. K
an

em
at

su
 -

 6
22

31
9

58
.1

88
.9

7.
22

2 
- 

7/
12

/2
02

1 
5:

49
:0

9 
A

M

https://www.karger.com/Article/FullText/516263?ref=7#ref7
https://www.karger.com/Article/FullText/516263?ref=8#ref8
https://www.karger.com/Article/FullText/516263?ref=9#ref9
https://www.karger.com/Article/FullText/516263?ref=9#ref9
https://www.karger.com/Article/FullText/516263?ref=10#ref10
https://www.karger.com/Article/FullText/516263?ref=10#ref10
https://www.karger.com/Article/FullText/516263?ref=11#ref11
https://www.karger.com/Article/FullText/516263?ref=11#ref11
https://www.karger.com/Article/FullText/516263?ref=12#ref12
https://www.karger.com/Article/FullText/516263?ref=13#ref13
https://www.karger.com/Article/FullText/516263?ref=13#ref13
https://www.karger.com/Article/FullText/516263?ref=14#ref14
https://www.karger.com/Article/FullText/516263?ref=14#ref14
https://www.karger.com/Article/FullText/516263?ref=15#ref15
https://www.karger.com/Article/FullText/516263?ref=16#ref16
https://www.karger.com/Article/FullText/516263?ref=17#ref17
https://www.karger.com/Article/FullText/516263?ref=17#ref17
https://www.karger.com/Article/FullText/516263?ref=18#ref18
https://www.karger.com/Article/FullText/516263?ref=19#ref19
https://www.karger.com/Article/FullText/516263?ref=19#ref19
https://www.karger.com/Article/FullText/516263?ref=20#ref20
https://www.karger.com/Article/FullText/516263?ref=21#ref21
https://www.karger.com/Article/FullText/516263?ref=22#ref22
https://www.karger.com/Article/FullText/516263?ref=23#ref23
https://www.karger.com/Article/FullText/516263?ref=24#ref24
https://www.karger.com/Article/FullText/516263?ref=25#ref25
https://www.karger.com/Article/FullText/516263?ref=25#ref25
https://www.karger.com/Article/FullText/516263?ref=26#ref26
https://www.karger.com/Article/FullText/516263?ref=27#ref27
https://www.karger.com/Article/FullText/516263?ref=28#ref28
https://www.karger.com/Article/FullText/516263?ref=29#ref29
https://www.karger.com/Article/FullText/516263?ref=29#ref29
https://www.karger.com/Article/FullText/516263?ref=30#ref30
https://www.karger.com/Article/FullText/516263?ref=31#ref31
https://www.karger.com/Article/FullText/516263?ref=32#ref32
https://www.karger.com/Article/FullText/516263?ref=33#ref33
https://www.karger.com/Article/FullText/516263?ref=33#ref33
https://www.karger.com/Article/FullText/516263?ref=34#ref34
https://www.karger.com/Article/FullText/516263?ref=35#ref35
https://www.karger.com/Article/FullText/516263?ref=35#ref35
https://www.karger.com/Article/FullText/516263?ref=36#ref36
https://www.karger.com/Article/FullText/516263?ref=36#ref36

	startTableBody
	startTableBody

