DOI:http://dx.doi.org/10.7314/APJCP.2014.15.17 7425
CK2a as an Indicator of a Poor Prognosis and Metastasis in Thyroid Cancers

RESEARCH ARTICLE

Elevated Expression of Nuclear Protein Kinase CK2a as a Poor
Prognosis Indicator in Lymph Node Cancerous Metastases of
Human Thyroid Cancers
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Abstract

Aim: To investigate the expression of protein kinase CK20 (CK2a) in human thyroid disease and its
relationship with thyroid cancer metastasis. Materials and Methods: Using immunohistochemistry we measured
the expression of CK20 in 76 benign and malignant human thyroid cancer tissues, including 10 pairs of papillary
carcinoma tissues with or without lymph node cancerous metastasis and similarly 10 pairs of lymph nodes.
Results: The expression of CK2a was found to be higher in thyroid carcinoma cases (papillary carcinoma,
follicular carcinoma, anaplastic carcinoma and medullary carcinoma) than in ones such as chronic lymphocytic
thyroiditis, nodular goiter and adenoma. These findings were also confirmed by RT-PCR and Western blotting.
More strikingly, elevated expression of CK2a. in thyroid papillary carcinoma tissues was not only significantly
associated with lymph node cancerous metastasis and clinical stage of thyroid cancers; but also correlated with
epithelial-mesenchymal transition (EMT) and high tenascin C (TNC) expression. In addition, EMT and high
TNC expression in thyroid carcinoma tissues was significantly associated with lymph node cancerous metastasis.
Conclusions: Elevated expression of nuclear CK2q. is a poor prognosis indicator in lymph node cancerous

metastasis of human thyroid cancers.
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Introduction

Thyroid cancer is a common endocrine malignancy
that has rapidly increased in global incidence in recent
decades (Jemal et al., 2011; Howlader et al., 2012).
The majority (95%) of thyroid carcinomas derives
from follicular epithelial cells and shows a spectrum of
differentiation from indolent well-differentiated papillary
and follicular carcinomas to more aggressive poorly
differentiated carcinomas and highly lethal anaplastic
carcinomas (Asa et al., 2000; Boerner et al., 2009).
Medullary thyroid carcinomas (MTC) are derived from the
parafollicular C-cells, they account for a minority (5%) of
thyroid carcinomas. V60OE mutations in papillary thyroid
carcinoma occurred more than 50% in Iran and Indonesia
(Brahmaet al.,2013; Ranjbar et al., 2013). This spectrum
of progression has been linked with a pattern of cumulative
genetic defects that correlate with tumor differentiation,
metastatic potential, and aggressiveness. Thus, thyroid
cancer provides a model to examine the effects of targeted
modulation of cell growth and differentiation in human
neoplasms of varying degrees of differentiation and with

specific genetic defects.

Protein kinase CK2 (casein kinase II) has traditionally
been classified as a messenger independent protein
serine/threonine kinase. It is typically found in tetrameric
complexes consisting of two catalytic (o and /or a’)
subunits and two regulatory [3 subunits (Litchfield, 2003).
Protein kinase CK2a (CK2a) knockout mice are not viable
because of defects in heart and neural tube development
(Seldin et al., 2008). It is known that CK2a is involved in
cell proliferation and survival (Guo et al., 1999; Buchou et
al.,2003; Ahmad et al., 2008) and in several key signaling
pathways such as PI3K, NF-»B, Wnt and Notch1 (Guerra
et al., 2006; Duncan et al., 2008; Dominguez et al., 2009;
Zhang et al., 2012).

We previously reported that Ser'* is another potential
protein kinase A (PKA) phosphorylation target of Cdc25B
in G2/M transition of fertilized mouse eggs (Xiao et al.,
2011). In the present study, we focused on the expression
pattern and prognostic significance of the CK2a in thyroid
cancer. Although elevated CK2a expression has been
found in a variety of cancers, to the best of our knowledge,
the expression pattern and the prognostic significance of
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CK20 in human thyroid carcinomas are still unknown.
Here, we examined the CK2a expression in the tissues
derived from thyroid carcinomas or begin thyroid diseases.
Correlation of CK2a expression with malignancy or not,
with lymph node cancerous metastasis, with epithelial-
mesenchymal transition (EMT) and increased tenascin C
(TNC) expression was performed.

Materials and Methods

Patient characteristics

We obtained paraffin-embedded samples of 47 thyroid
carcinomas (including 20 with papillary carcinoma, 7 with
follicular carcinoma, 9 with anaplastic carcinoma, and 11
with medullary carcinoma) and 29 other thyroid diseases
(9 with chronic lymphocytic thyroiditis, 9 with nodular
goiter, 11 with adenoma), that were diagnosed on the basis
of histological and clinical findings at the First Affiliated
Hospital of Liaoning Medical University from 2005
to 2012. In addition, among the patients with papillary
carcinoma, 10 pairs of primary thyroid tissues with or
without cancerous metastasis and 10 pairs of lymph nodes
with or without cancerous metastasis were included. The
patients were aged 20-75 years (mean=49.5 years) (Table
1). All patient samples and related data analyses were
performed in accordance with research ethics approval
at the Liaoning Medical University, Jinzhou, Liaoning,
P.R. China.

Immunohistochemistry

Immunohistochemical staining was performed using
a Dako Envision System (Dako, Carpinteria, CA, USA)
following the manufacturer’s recommended protocol.
Briefly, all paraffin sections, 4 pm in thickness, were
heated for 2 hours (h) at 60°C, deparaffinized with
xylene, rehydrated through a graded series of ethanol/
distilled water, submerged in EDTA buffer (pH 9.0 or
pH 6.0), heated in a microwave for antigen retrieval,
treated with 3% H202 for 15 minutes (min) to block the
endogenous peroxidase, incubated with primary antibody
at 4°C overnight. The primary reactions were as follows:
anti-Casein kinase II (alpha subunit) rabbit monoclonal
antibody (at 1:80 dilution, Millipore, Darmstadt,
Germany), anti-E-cadherin (working solution, Beijing
zhongshanjinqgiao Biotechnology Co. Ltd, Beijing, P.
R. China), anti-N-cadherin (working solution, Beijing
zhongshanjinqiao Biotechnology Co. Ltd) and anti-
Tenascin C (at 1:100 dilution, Abcam, Cambridge United
Kingdom) were used. The sections were incubated with
horseradish perfidies (HRP) at 37°C for 30 min, and
visualized with diaminobenzidine (DAB). For negative
controls, the antibody was replaced by PBS.

Evaluation of staining

All digital images were captured, in a double-blind
manner, from five random fields per section using an
Olympus microscope. The images were taken at 40X
magnification for CK2a, E-cadherin, N-cadherin and
Tenascin C positive cell counting. We counted digital
images of CK2a, E-cadherin, N-cadherin and Tenascin
C positive cells separately by two pathologists who were
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Table 1. Clinicopathological Characteristics of the 76
Patients

N (%)

Gender

Male 19 (25)

Female 57 (75)
Age

>45 29 (38.2)

<45 47 (61.8)
Pathological type

Chronic lymphocytic thyroiditis 9(11.8)

Nodular goiter 9(11.8)

Adenoma 11 (14.5)

Papillary carcinoma 20 (26.4)

Follicular carcinoma 7(9.2)

Anaplastic carcinoma 9(11.8)

Medullary carcinoma 11 (14.5)
Degree of differentiation

Well 56 (73.7)

Moderately 11 (14.5)

Poorly 9(11.8)
TNM Stage

I-11 24

II-1v 23

Table 2. Correlation between the clinicopathological
features and expression of the CK2a protein in thyroid
carcinomas

N CK2a (%) p
Gender 0.386
Male 19 42.09
Female 57 50.03
Age 0.624
=45 29 39.52
<45 47 49.58
Degree of differentiation 0.052
Well 27 38.87
Moderately 11 45.65
Poorly 9 48.77
TNM Stage <0.001
I-IT 24 37.36
1I-1V 23 59.87

blinded to the clinical parameters. Values from five random
fields were averaged to a single value per case. The results
were expressed as percentage of the number of CK2a,
E-cadherin and N-cadherin positive cells/total cells.

RNA extraction, cDNA Synthesis and PCR

Total RNA from 4 tumor and non-tumor pairs of
thyroid tissues was isolated by Trizol (Invitrogen,
Camarillo, CA, USA), according to the manufacturer’s
instructions and cDNA was prepared from 1 pg total
RNA in a 20 pl volume using RNA PCR Kit (AMV)
Ver 3.0 (Takara, Shiga, Japan). The reaction mixture
was incubated at 42°C for 30 min; 99°C for 5 min; 5°C
for 5 min. The synthesized cDNA was used for PCR
amplification or stored at -20°C for further analysis.

The PCR reaction was performed in a 25pl
volume containing 0.25 mM of each dNTP (Takara),
1 U Hotstar Taq (Takara) and 0.5 mM each Primer
(Takara) 5°- CCGAGTTGCTTCCCGATAC -3’ and
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5’- GGGCTGACAAGGTGCTGAT -3’ (for CK2a)
, 5’-CTTTGGTATCGTGGAAGGACTC-3’ and
5’-GTAGAGGCAGGGATGATGTTCT-3’ (for GAPDH).
Reaction conditions included initial denaturation at
95°C for 10 min, followed by 35 cycles at 95°C for 1
min, annealing at 56°C for 1 min and extension at 72°C
for 1min, followed by a 10 min final extension at 72°C.
PCR products were separated on 3.0% agarose gels and
visualized by ethidium bromide staining.

Protein isolation and Western blotting

Four tumor and non-tumor pairs of thyroid tissues
were homogenized using a poly-tron homogenizer in
radioimmunoprecipitation assay (RIPA) lysis buffer (1x
PBS, 1% Nonidet P-40,0.5% sodium deoxycholate,0.1%
SDS, ) with protease inhibitor cocktail tablet (Roche,
Basel, Swiss)

Equal amounts of protein (50 yg) solubilized in sample
buffer were separated on 10% SDS polyacrylamide gels
and transferred electrophoretically onto nitrocellulose
membranes. Membranes were blocked in Tris-buffered
saline containing 0.1% Tween 20 (TBS-T) plus 5%
nonfat dried milk for 1 h at room temperature, probed
with primary CK2o. (1:1000 dilution, Millipore) and actin
(1:1000 dilution, Beijing zhongshanjingiao Biotechnology
Co. Ltd) antibodies at 4°C overnight. The membranes were
washed three times for 10 -15 min each time in TBS-T, and
incubated with horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (1:2000 dilution, Beijing
zhongshanjingiao Biotechnology Co. Ltd) for 1 h at room
temperature. Targeted proteins were visualized using an
ECL chemiluminescence detection system (Beyotime
Institute of Biotechnology, Beijing P. R. China). Gel
Pro analysis software ImagelJ software (developed at the
National Institute of Health, Bethesda, MD) to quantify the
amount of protein. Densitometric values were normalized
to those of Actin.

Statistical analysis

Data are presented as mean (%), 95% confidence
interval (CI) and p value. Statistical analysis was done
using the Welch t test, ONE WAY ANOVA, y? test,
Spearman correlation and Mann-Whitney U-test by SPSS
13.0. P values of 0.05 or less were considered statistically
significant.

Results

Increased nuclear CK2a expression in thyroid carcinomas
was associated with lymph node cancerous metastasis
In the present study, nuclear CK2a expression was
analyzed in 76 patients with thyroid carcinomas and
benign diseases using immonohistochemistry. The results
showed that the nuclear CK2a expression was significantly
increased in thyroid carcinomas (n=47, =47.84, 95%
CI=44.41 to 51.97) compared to its expression in benign
thyroid diseases (n=29, =10.65, 95% CI=9.41 to 12.03,
p<0.001). The staining for nuclear CK20. was much
weaker in 29 cases with benign thyroid diseases, including
chronic lymphocytic thyroiditis (10.32%), nodular goiter
(10.52%) and adenoma (11.06%). However, it was
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much stronger expressed with a nuclear localization in
47 thyroid malignancies, including papillary thyroid
carcinoma (41.33%), follicular carcinoma (47.26%),
anaplastic carcinoma (63.68%) and medullary carcinoma
(54.02%) (Figure 1A). Nuclear CK20 expression was
significantly elevated in anaplastic (n=9, =63.68, 95%
CI=50.28 to 77.07, p<0.001) and medullary carcinomas
(n=11, =54.02, 95% CI=44.31 to 63.73, p=0.016)
compared to in the papillary carcinoma (n=20, =41.33,
95% CI=32.36 to 50.39); and increased in the anaplastic
carcinoma compared to the one in follicular carcinoma
(n=7, =47.26, 95% CI=41.12 to 53.39, p=0.017). To
validate the immunohistochemical results, the gene and
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Figure 1. Expression of CK2a was Elevated in Thyroid
Carcinomas. (A) CK2a expression in thyroid benign and
malignant tissues was analyzed using immunohistochemistry.
Elevated nuclear expression of CK2a was found in thyroid
carcinomas (n=47, =47.84,95% CI=44 .41 to 51.97) compared
to thyroid benign diseases (n=29,=10.65,95% CI=9.41 to 12.03,
p<0.001). Higher nuclear expression of CK20. was also observed
in anaplastic (n=9, =63.68, 95% CI=50.28 to 77.07, p<0.001)
and medullary carcinomas (n=11, =54.02, 95% CI=44.31 to
63.73, p=0.016) than in papillary carcinoma (n=20, =41.33,
95% CI=32.36 to 50.39); and increased in anaplastic carcinoma
compared to follicular carcinoma (n=7,=47.26,95% CI=41.12
to 53.39, p=0.017). (B) CK2a expression at mRNA levels in
thyroid benign and malignant tissues was also analyzed using
RT-PCR. Four pairs of normal and papillary carcinoma tissues
were chosen for total RNA extraction and RT-PCR. The results
revealed that higher levels of CK2a mRNA were detected in the
carcinoma tissues than in the normal ones (p=0.041). GAPDH
was as a housekeeping gene used for CK2a. level normalization.
(C) CK2a expression at protein levels in thyroid benign and
malignant tissues was also analyzed using Western blotting. Four
pairs of normal and papillary carcinoma tissues (same as used for
RT-PCR) were chosen for protein extraction. Western blotting
showed that higher levels of CK2a protein were detected in the
carcinoma tissues than in the normal ones (p=0.044). Actin was
used for CK2a level normalization
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protein levels of CK2a expression were also examined
in 4 pairs of normal-papillary thyroid carcinoma tissues
using RT-PCR and western blotting respectively (Figure
1 B and C). To further explore the role of CK2a in
thyroid cancers, we investigated the association of CK2a
expression with the clinicopathological characteristics of
thyroid carcinoma cases and found that the expression
of the CK2a protein in thyroid carcinomas at the III-
IV stage was significantly higher than in the I-II stage
(p<0.001). However, no significant correlation was found
between CK2a expression and gender, age, degree of
differentiation (p>0.05) (Table 2).

More strikingly, nuclear CK20 expression was
significantly elevated in papillary thyroid carcinoma
tissues with lymph node cancerous metastasis (n=10,
=54.25, 95% CI=46.07 to 63.23) compared to its
expression in papillary thyroid carcinoma tissues without
lymph node cancerous metastasis (n=10, =28.4, 95%
CI=18.75 to 38.09, p=0.003, Figure 2A). In addition,
the immunohistochemistry showed that the expression
of CK2a was detected in cancerous metastatic region of
metastatic lymph nodes of 9 of 10 patients, but, not in
un-metastatic lymph nodes of 10 cases (p<0.001). The
cells with CK2a positive immunostaining were metastatic
thyroid cancer cells (Figure 2B).

Decreased expression of E-cadherin and increased
expression of N-cadherin in thyroid carcinomas was
associated with lymph node cancerous metastasis

EMT is closely linked to conversion of early-stage
tumors into invasive malignancies. To investigate the
mechanisms of CK2a roles in thyroid carcinomas,
particularly whether elevated CK2a expression correlated
with EMT, we analyzed E-cadherin and N-cadherin
expression in human thyroid tissues.

A

Positive cells/field

Carcinomas was Associated with lymph Node
Cancerous Metastasis. (A) Immunohistochemistry
demonstrated that nuclear expression of CK2a was increased in
thyroid papillary carcinoma tissues with lymph node cancerous
metastasis (n=10,=54.25,95% CI=46.07 to 63.23) compared to in
the ones without lymph node cancerous metastasis (n=10,=28.4,
95% CI=18.75 to 38.09, p=0.003). Increased CK20 expression
in papillary carcinoma was significantly associated with lymph
node cancerous metastasis. (B) CK2a expression in lymph node
tissues was also analyzed using immunohistochemistry. Non-
metastatic lymph nodes of 10 papillary carcinoma cases did not
show any immunostaining for CK2a. But, 9 of 10 cancerous
metastatic lymph nodes showed positive staining for CK2a
(p<0.001). The CK2a. positive staining cells in lymph nodes
were metastatic thyroid cancer cells.
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In the present study, we found that decreased
E-cadherin expression was observed in thyroid carcinomas
(n=47,=29.93, 95% CI=21.38 to 39.26) compared to its
expression in benign thyroid diseases (n=29,=89.56,95%
CI=87.421t091.39,p<0.001). The staining for E-cadherin
was stronger in 29 cases with benign thyroid diseases,
including chronic lymphocytic thyroiditis (87.19%),
nodular goiter (91.15%) and adenoma (90.24%). However,
its staining was much weaker in 47 thyroid malignancies,
including papillary carcinoma (55.61%), follicular
carcinoma (22.08%), anaplastic carcinoma (7.39%) and
medullary carcinoma (4.92 %) (Figure 3A). In addition,
E-cadherin expression was increased in papillary
carcinoma (n=20, =55.61, 95% CI=43.84 to 67.38)
compared to in follicular (n=7, =22.08, 95% CI=6.04 to
38.13, p<0.001), anaplastic (n=9,=7.39,95% CI=0.76 to
15.53,p<0.001) and medullary carcinomas (n=11,=4.92,
95% CI=0.59 to 9.24, p<0.001). Higher expression of
E-cadherin was also found in follicular carcinoma than in
anaplastic (p=0.05) and medullary carcinomas (p=0.016).
This pattern of E-cadherin expression in thyroid cancers
is consistent with what we expected, namely lower
expression of E-cadherin is associated with higher degree
of malignancy.

In papillary thyroid carcinoma E-cadherin expression
was higher in the thyroid tissues without lymph node
cancerous metastasis (n=10, =72.28, 95% CI=61.97
to 84.28) than with lymph node cancerous metastasis
(n=10, =38.94, 95% CI=30.30 to 46.22, p=0.007, Figure
3 B). Down-regulated expression of E-cadherin was
significantly associated with lymph node cancerous
metastasis. In addition, the immunostaining showed that
the expression of E-cardherin in cancerous metastatic
region of metastatic lymph nodes of 6 of 9 CK2a positive
patients, but not in un-metastatic lymph nodes (0 of 9
cases, p<0.001, Figure 3 C). The cells with E-cadherin
positive immunostaining were metastatic thyroid cancer
cells.

N-cadherin expression was much higher in thyroid
carcinomas (n=47,=42.74,95% CI=36.85 to 48.94) than
in benign thyroid diseases (n=29,=0,p<0.001, Figure 4A).
There was no staining for N-cadherin in 29 cases with
benign thyroid diseases, including chronic lymphocytic
thyroiditis, nodular goiter and adenoma. However, it was
very strongly expressed with 47 thyroid malignancies,
including papillary thyroid carcinoma (31.89%), follicular
carcinoma (42.68%), anaplastic carcinoma 43.6%) and
medullary carcinoma (57.89%). N-cadherin was lower
expressed in papillary carcinoma (n=20, =31.89, 95%
CI=19.87 to 43.91) than in medullary carcinoma (n=11,
=57.89, 95% CI=45.5 to 70.28, p<0.001), but not in
follicular and anaplastic carcinomas.

N-cadherin expression was more increased in papillary
thyroid carcinoma tissues with lymph node cancerous
metastasis (n=10,=49.9, 95% CI=35.48 to 62.88) than in
papillary thyroid carcinoma tissues without lymph node
cancerous metastasis (n=10, =13.88, 95% CI=10.03 to
17.61, p=0.002, Figure 4B). Up-regulated expression of
N-cadherin was significantly associated with lymph node
cancerous metastasis. In addition, the immunostaining
showed that the expression of N-cadherin was only
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Figure 3. Decreased E-cadherin Expression in Thyroid
Carcinomas was Significantly Associated with Lymph
Node Cancerous Metastasis. (A) E-cadherin expression
in thyroid benign and malignant tissues was analyzed using
immunohistochemistry. The results showed that decreased
E-cadherin expression was found in 47 thyroid carcinoma
tissues (n=47, =29.93, 95% CI=21.38 to 39.26) compared to
its expression in 29 thyroid benign ones (n=29, =89.56, 95%
CI=87.421t091.39,p<0.001). Among the malignant carcinomas,
papillary carcinoma (n=20, =55.61, 95% CI=43.84 to 67.38)
showed increased E-cadherin expression compared to follicular
(n=7, =22.08, 95% CI=6.04 to 38.13, p<0.001), anaplastic
(n=9, =7.39, 95% CI=0.76 to 15.53, p<0.001) and medullary
carcinomas (n=11,=4.92,95% CI=0.59 t0 9.24, p<0.001). Higher
E-cadheirn expression was also found in follicular carcinoma
than in anaplastic (p=0.05) and medullary carcinomas (p=0.016).
(B) Immunohistochemistry demonstrated that expression
of E-cadherin was decreased in thyroid papillary carcinoma
tissues with lymph node cancerous metastasis (n=10, =38.94,
95% CI1=30.30 to 46.22) compared to its expression in the ones
without lymph node cancerous metastasis (n=10, =72.28, 95%
CI=61.97 to 84.28, p=0.007). Decreased E-cadherin expression
in papillary carcinoma was significantly associated with lymph
node cancerous metastasis. (C) E-Cadherin expression in lymph
node tissues was also analyzed using immunohistochemistry.
Non-metastatic lymph nodes (0 of 9 cases) did not show any
immunostaining for E-cadherin, but, 6 of 9 CK2a positive
cancerous metastatic lymph nodes showed positive staining for
E-cadherin (p<0.001). The E-cadherin positive staining cells in
lymph nodes were metastatic thyroid cancer cells

AR

detected in thyroid cancerous metastatic region of
metastatic lymph nodes in 7 of 9 nuclear CK2a positive
patients, not in un-metastatic lymph nodes (0 of 9 cases,
p<0.001, Figure 4C) . The cells with N-cadherin positive
immunostaining were metastatic thyroid cancer cells.

High expression of TNC in thyroid carcinomas was
associated with lymph node cancerous metastasis

First, we investigated the expression of TNC in
primary tissues of thyroid carcinomas and benign thyroid
diseases. Dense TNC deposition was only observed in
areas of human thyroid carcinomas (39 of 47 cases, Figure
5A), whereas the tissues of benign thyroid diseases were
negative for TNC (0 of 29 cases, not shown, p<0.001).
TNC staining was dominantly positive in the stroma
around and between the cancer cells. More strikingly,
TNC was expressed more frequently in papillary thyroid
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Figure 4. Increased N-cadherin Expression in Thyroid
Carcinomas was Significantly Associated with lymph
Node Cancerous Metastasis. (A) N-cadherin expression
in thyroid benign and malignant tissues was analyzed using
immunohistochemistry. The results showed that increased
N-cadherin expression was found in thyroid carcinoma tissues
(n=47, =42.74, 95% CI=36.85 to 48.94) compared to its
expression in thyroid benign ones (n=29, =0, p<0.001). Among
the malignant carcinomas, medullary carcinoma (n=11,=57.89,
95% CI=45.5 to 70.28) showed high N-cadherin expression
compared to papillary carcinoma (n=20,=31.89,95% CI=19.87
to 4391, p<0.001). (B) Immunohistochemistry revealed that
expression of N-cadherin was increased in thyroid papillary
carcinoma tissues with lymph node cancerous metastasis (n=10,
=499, 95% CI=35.48 to 62.88) compared to its expression
in the ones without lymph node cancerous metastasis (n=10,
=13.88,95% CI=10.03 to 17.61,p=0.002). Increased N-cadherin
expression in papillary carcinoma was significantly associated
with lymph node cancerous metastasis. (C) N-cadherin
expression in lymph node tissues was also analyzed using
immunohistochemistry. Non-metastatic lymph nodes (0 of 9
cases) did not show any immunostaining for N-cadherin, but, 7
of 9 CK2a positive cancerous metastatic lymph nodes showed
positive staining for N-cadherin (p<0.001). The N-cadherin
positive staining cells in lymph nodes were metastatic thyroid
cancer cells

no metastasis

carcinoma tissues with lymph node cancerous metastasis
(10 of 10 cases) than in papillary thyroid carcinoma tissues
without lymph node cancerous metastasis (4 of 10 cases,
p=0.011, Figure 5B). Up-regulated expression of TNC
was significantly associated with lymph node cancerous
metastasis.

In addition, the immunhistochemistry showed that the
expression of TNC in cancerous metastatic lymph nodes
of 5 of 9 nuclear CK2a positive patients, but not in un-
metastatic lymph nodes of 9 cases (Figure 5C). There was
significant difference between these 2 groups (p=0.029).
The increased expression of TNC in lymph nodes of
papillary thyroid carcinoma is significant associated with
lymph node cancerous metastasis.

Increased expression of nuclear CK2a in thyroid
carcinoma correlated with EMT and increased TNC
expression

Although there are many papers reporting elevated
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Figure 5. Dense TNC Deposition Correlated with
Human Thyroid Malignancy and Lymph Node
Cancerous Metastasis. (A) TNC staining was frequently
positive in the stroma with scattered cancer cells in thyroid
carcinoma tissues (39 of 47 cases). However, the tissues of
human benign thyroid diseases did not show any staining for
TNC (0 of 29 cases, not shown). The difference in positivity of
TNC staining between thyroid carcinomas and benign diseases
was significant (p<0.001). Among the malignant carcinomas
there was no any significant difference each other. (B) TNC
staining was positive in all thyroid papillary carcinoma tissues
with lymph node cancerous metastasis (10 of 10 cases). However,
only 4 of 10 cases without lymph node cancerous metastasis
showed TNC positive staining. There is significant difference
between these two groups (p=0.011). (C) TNC staining were
significantly more often found in the lymph node tissues with
cancerous metastasis (5 of 9 cases) than in the ones without
cancerous metastasis (0 of 9 cases, p=0.029)

CK2a in some types of cancers, there is no paper about
the correlation of its expression with the EMT and TNC
expression in thyroid cancers. By statistical analysis we
already found that high expression of CK2a in primary
thyroid cancer tissues was positively associated with
cancerous lymph node metastasis (Figure 2A), which
supports CK2a acts as a cancer driver to promote cancer
cell invasion and metastasis in addition to stimulating
tumorigenesis. Consistently with these effects, elevated
CK2a expression in thyroid cancers negatively correlated
with decreased E-cadherin (Figure 6A, rho=-0.75,
p<0.001), positively with increased N-cadherin expression
(Figure 6B, rho=0.757, p<0.001) and the number of
TNC positive is increased with the increased expression
of CK2a (p<0.001, Figure 6C). From these findings we
could conclude that CK2a expression is significantly more
increased in thyroid carcinomas than in normal thyroid
diseases; and elevated expression of CK2a in papillary
carcinomas is significantly associated with lymph node
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Figure 6. Elevated Expression of CK2a in Thyroid
Carcinomas was Correlated with Induction of EMT
and Increased TNC Expression. From the above results,
we knew that the differential expression of CK2a, E-cadherin,
N-cadherin and TNC was respectively associated with lymph
node cancerous metastasis. The Spearman correlation showed
that elevated expression of CK2a was significantly correlated
with decreased E-cadherin (A), increased N-cadherin (B) in
primary thyroid papillary carcinoma tissues; and the number
of TNC positive is increased with the increased expression of
CK2a (C)

cancerous metastasis and correlated with induction
of EMT and increased TNC expression. Induction of
EMT and elevated TNC expression is at least a partial
mechanism of CK2a roles in thyroid cancer development,
invasion or metastasis.

Discussion

Elevated CK2a expression has been reported in
some different kind of cancers including mammary
gland (Landesman-Bollag et al., 2001), head and neck
(Faust et al., 1996), kidney cancers (Stalter et al., 1994).
Elevated level and prognostic significance of CK2a have
been found in colorectal cancer (Pornchai et al., 2004),
lung cancer (Lin et al., 2011), prostate cancer (Laramas
et al., 2007) and leukemia (Kim et al., 2007). These
findings support the idea that CK2a acts as a cancer
driver. However, the role of CK2a in cancer development,
progression and metastasis has yet to be fully elucidated.
To date, there is no report about the expression pattern
and potential implications of CK2a in thyroid carcinomas.

In the present study, the nuclear expression of
CK2a in thyroid tissues derived from 76 patients with
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benign and malignant diseases was assessed. Using
immunohistochemistry we demonstrated for the first time
that nuclear CK2a expression was significantly increased
in thyroid cancer tissues compared to its expression in
benign diseases. Interestingly, the expression of the CK2a
protein in thyroid carcinomas at the III-IV stage was
significantly higher than in the I-II stage and the CK2a
expression was positively associated with the level of
malignancy of thyroid carcinomas indicating that CK2a
levels are associated with thyroid cancer development and
progression. More strikingly, the elevated nuclear CK2a
expression was significantly associated with lymph node
cancerous metastasis. These findings support that CK2a
plays an important role not only as a cancer driver but also
as a metastatic indicator in thyroid cancers. Consistent
with these findings it has been recently reported that CK2a
over-expression correlated with metastatic risk in breast
carcinomas (Giusiano et al., 2011).

However, the mechanisms for the correlation of CK2a
expression with cancerous metastasis remain unclear.
EMT is a process known to contribute to invasion and
metastasis in cancer and it is mainly characterized by
loss of cell polarity and a change in cell shape from
cuboidal to fibroblastoid, the downregulation of epithelial
markers and the upregulation of mesenchymal markers.
The cell acquires the capacity to degrade the basement
membrane and migrate through the extracellular matrix
to populate different territories either during embryonic
development or cancer progression (Acloque et al.,2009).
The switch in expression from E-cadherin to N-cadherin
is used to monitor EMT during cancer progression. In
the current study, we found decreased E-cadherin and
increased N-cadherin expression in thyroid carcinomas
compared to thyroid benign diseases. Importantly, the
elevated expression of nuclear CK20 was significantly
correlated with EMT in thyroid cancers. This novel
finding might represent a novel mechanistic part of CK2a
involvement in thyroid cancer development, progression
and metastasis.

TNC is an extracellular matrix glycoprotein that
exhibits de-adhesive effects on cell-matrix interaction.
TNC is highly expressed in remodeling tissues during
embryonic development and is frequently up-regulated
in a variety of pathological conditions including chronic
inflammation and cancers (Midwood et al., 2011). TNC
is early described as a stormal marker associated with
malignant behavior of breast cancer (Mackie et al., 1987).
In addition, TNC is highly expressed in brain tumor
(Leins et al., 2003), head and neck cancers (Lyons et al.,
2007;Atula et al., 2003). In the above described tumors,
the high expression TNC is associated with invasion and
worse prognosis. In lung and primary breast tumor tissues
high expression of TNC is associated with progression
to lung replase (Oskarsson et al., 2011). It was reported
that TNC was expressed in most papillary and medullary
carcinomas and C-cell hyperplasia (Tseleni-Balafouta et
al., 2006;Koperek et al., 2009). In the current study, we
found that TNC was also expressed in thyroid follicular
and anaplastic carcinomas in addition to papillary and
medullary carcinomas. More importantly, we demonstrated
for the first time that elevated TNC expression in thyroid
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papillary carcinoma was significantly associated with
lymph node cancerous metastasis; and cancerous
metastatic lymph nodes showed higher TNC staining
compared to non-cancerous metastatic lymph nodes.

In summary, our findings uncover the potential role
of CK2a in thyroid cancer development, progression
and metastasis. The expression of nuclear CK2a was
increased in thyroid carcinomas compared to benign
thyroid diseases. The elevated expression of CK2a was
significantly associated with lymph node cancerous
metastasis and clinical stage of thyroid cancers, which
might be induced by EMT and increased expression of
TNC in thyroid cancers. From this study we concluded that
elevated expression of nuclear CK2a. is a poor prognostic
indicator in lymph node cancerous metastasis of human
thyroid cancers.

We first found the expression of CK2a is higher in
carcinoma tissues and elevated expression of CK2a
in thyroid papillary carcinoma tissues was not only
significantly associated with lymph node cancerous
metastasis but also correlated with epithelial-mesenchymal
transition (EMT) and high tenascin C (TNC) expression.
Elevated expression of CK2a was also significantly
associated with clinical stage of the patients with thyroid
cancers. In addition, EMT and high TNC expression in
thyroid carcinoma tissues was significantly associated
with lymph node cancerous metastasis. So elevated
expression of nuclear protein kinase CK2a as a poor
prognostic indicator in lymph node cancerous metastasis
of human thyroid cancers
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