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Abstract. – OBJECTIVE: To investigate the 
correlations of ultrasound and pathological 
characteristics of thyroid carcinoma through 
evaluating the messenger ribonucleic acid (mR-
NA) level and protein expression of thyroid can-
cer-1 (TC-1). 

PATIENTS AND METHODS: The patients with 
papillary thyroid carcinoma (PTC) hospitalized 
in our hospital were enrolled. Then, real-time 
fluorescence quantitative polymerase chain re-
action (qPCR) and immunohistochemistry (IHC) 
streptavidin-peroxidase (SP) technique were ap-
plied to measure the mRNA and protein expres-
sion levels of TC-1 in PTC and corresponding ad-
jacent tissues (NCE) of 50 patients. The relations 
with clinicopathological and ultrasound charac-
teristics were analyzed. 

RESULTS: The expression of TC-1 mRNA in 
PTC tissues was statistically higher than that in 
corresponding adjacent tissues and significant-
ly correlated with tumor-node-metastasis (TNM) 
stage, pathological grade, and lymph node me-
tastasis of PTC (p<0.05). According to IHC, TC-
1 positive expression was mainly found in the 
cytoplasm in PTC samples, which was statisti-
cally increased compared to adjacent tissues 
(p<0.05). Western blotting results revealed that 
the relative protein expression of TC-1 in PTC 
tissues was 2.646±195, which was significantly 
higher than that in corresponding adjacent tis-
sues (892±76) (p<0.05). The TC-1 protein expres-
sion also showed significant associations with 
TNM stage, pathological grade, and lymph node 
metastasis of patients (p<0.05). The level of TC-
1 mRNA in PTC tissues with micro-calcification 
detected by ultrasound (87.46±49.55) was high-
er than that in those without micro-calcification 
(38.46±29.15) (p<0.05). 

CONCLUSIONS: The expression of TC-1 plays 
an important role in the occurrence and develop-
ment of PTC. Ultrasound characteristics reflect 
the expression of TC-1 in PTC tissues to some 
extent, providing a certain value in evaluating 
the prognosis of PTC.
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Introduction

Papillary thyroid carcinoma (PTC), as the most 
common type of thyroid malignancy, is detected 
in approximately 90% of all diagnosed cases1. It is 
considered as one of the most common and clin-
ically-worrying malignancies of the endocrine 
system. Usually, thyroid carcinoma is manifested 
as nodules and accounts for about 1% of all the 
newly-diagnosed cancer cases. Notably, the in-
cidence rate has been increasing recently among 
various types of cancers. High-dose radioactive 
iodine treatment and surgical resection of the le-
sion are mainly used for the therapy of thyroid 
carcinoma. Although the incidence and mortality 
rates are remarkably reduced owing to the treat-
ment, poor prognosis remains a crucial issue in 
some patients. Currently, the most reliable meth-
od for thyroid nodules diagnosis is fine-needle as-
piration (FNA) biopsy combined with subsequent 
cytological analysis. FNA maintains a high speci-
ficity but is characterized with unsatisfactory sen-
sitivity. In fact, 10-40% of the analyzed nodules 
are proved as indeterminate lesions, impeding the 
optimal treatment towards patients. In addition, 
only 10-30% of the surgically-removed indeter-
minate thyroid nodules are further identified as 
malignant nodules. BRAF (V600E) mutation is 
one of the most commonly used markers in the 
diagnosis of PTC. The genetic characteristics of 
BRAF dramatically increase the preoperative di-
agnostic accuracy by 20-30%, but it still leads to 
the diagnosis of suspected PTC (SPTC) and in-
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determinate follicular hyperplasia (IFP). There-
fore, diagnostic markers with high specificity are 
continuously needed to facilitate the management 
of patients with indeterminate thyroid nodules. 
Presently, the understanding of molecular events 
regarding the occurrence and development of thy-
roid carcinoma remains limited. Existing studies 
have found that the genes leading to the formation 
of thyroid carcinoma include RET and RAS on-
cogenes, tumor suppressor gene p53 that activates 
BRAF mutation, Pax8/peroxidase, etc. Howev-
er, the exact causative genes of thyroid carcino-
ma still cannot be identified. Previous research-
es have discovered that thyroid cancer-1 (TC-1) 
(C8orf4) is overexpressed in PTC. TC-1 sequence 
shows no homology to those of any known genes 
and the function is still elusive. TC-1 is widely ex-
pressed in extensive human tissues and displays 
a high homology to mouse, bovine and chicken. 
Conserved sequence and widespread expression 
indicate that TC-1 may play a crucial role in cell 
biology. The copy-number variations of TC-1 are 
found related to acute myelogenous leukemia and 
other hematological malignancies2-4. Moreover, it 
is reported that TC-1 is associated with various 
cancers, for TC-1 is highly expressed in thyroid 
carcinoma, gastric cancer, and breast cancer, 
through activating the Wnt/β-catenin signaling 
pathway in these tumors5,6. However, TC-1 is re-
duced in colon cancer7. In this work, both protein 
and messenger ribonucleic acid (mRNA) levels 
of TC-1 in patients with thyroid carcinoma were 
measured. Their associations with ultrasound and 
pathological characteristics of thyroid carcinoma 
were analyzed to evaluate their clinical values in 
thyroid carcinoma.

Patients and Methods

Clinical Data of Patients
The tissue specimens and data of 112 patients 

with thyroid carcinoma admitted to our hospital 
from January 1, 2014, to December 31, 2016, were 
enrolled. At the same time, postoperative carcino-
ma tissues and adjacent normal tissues of thyroid 
carcinoma patients hospitalized in our hospital 
from January 1, 2017, to January 1, 2018, were col-
lected. Paired carcinoma and adjacent tissues of 50 
patients were finally obtained. Freshly-collected 
tissue specimens were divided into three groups, 
quickly placed in liquid nitrogen, and stored in an 
ultra-low temperature refrigerator at -80°C. Spec-
imens prepared into frozen sections were subject-

ed to hematoxylin-eosin (HE) staining. Paraffin 
sections were subjected to immunohistochemistry 
(IHC) to analyze the semi-quantitative expression 
of TC-1 protein, and remaining specimens were 
used for RNA extraction and qPCR.

All human tissues were collected according 
to the human subject protocol approved by the 
Review Committee of Daqing Oilfield General 
Hospital. Tumor and corresponding non-tumor 
tissues were obtained after patients signed the 
written informed consent.

Quantitative Polymerase 
Chain Reaction (qPCR)

Total RNA was extracted using TRIzol reagent 
(Invitrogen, Carlsbad, CA, USA). The tissue 
was grinded in liquid nitrogen and treated with 
TRIzol (100 mg tissue: 1 ml TRIzol). Then, the 
solution was moved to an Ep tube and added with 
200 μl chloroform. After vibrated for 15 s, the 
upper aqueous phase was added with 500 μl iso-
propanol for 10 min. After centrifuged at 12000 g 
for 10 min, the precipitation was added with 1 ml 
ethanol (75%). After centrifuged at 4°C and 7500 
g for 5 min, the supernatant was removed and the 
tube was dried for 10 min. Next, the RNA was 
solved in DEPC water and qualified by 1.2% aga-
rose gel electrophoresis. RNA content and purity 
were determined by ultraviolet spectrophotome-
ter. Reaction solution was prepared according to 
the instruction, including 2 μg total RNA, 1 μl oli-
go primer (50 μM), 1 μl dNTP mix (10 μM), and 
ddH2O. The solution was predegenerated at 65°C 
for 5 min. Then, cDNA first chain synthesis reac-
tion system was prepared, including 2 μl 10×RT 
buffer, 4 μl MgCl2 (25 μM), 2 μl DTT (0.1 M), l μl 
RNAase OUT (40 U/μl), 1 μl PrimeScript (TaKa-
Ra Bio Inc., Otsu, Shiga, Japan), and ddH2O. The 
reaction condition was composed by 50°C for 50 
min and 85°C for 5 min. The complementary de-
oxyribonucleic acid (cDNA) was synthesized. The 
gene sequences of the target gene and the internal 
reference β-actin were obtained from GenBank 
(Bethesda, MD, USA), and primers were designed 
using Primer-Blast (Bethesda, MD, USA), a prim-
er design software on the NCBI website. The 
sequences of primers (TC-1 forward, 5’-GGA-
CATTCAAAGACCAAGTGAG-3’, TC-1 reverse, 
5’-GTAACCAGTCTGTTCAGTCCTG-3’, β-actin 
forward, 5’-ACATCCGCAAAGACCTGTAC-3’, 
β-actin reverse, 5’-TGATCTTCATTGTGCTG-
GGTG-3’) were synthesized by Sangon Biotech 
(Shanghai, China). The reaction system was 10 
μL. Reaction conditions are as follows: pre-dena-
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turation at 95°C for 2 min, followed by 40 cycles 
of denaturation at 95°C for 15 s and sequential at 
60°C for 60 s. DNA synthesizes a single strand 
that is complementary to the template strand af-
ter undergoing several stages including template 
denaturation, annealing, and primer extension. 
The semi-reserved replication pattern amplifies 
the gene to be amplified by several million times. 
After the reaction, the dissolution curve was a 
single-peak curve indicating the specificity of 
the qPCR product, and the amplification curve 
reached the platform stage when the gene was 
completely amplified. Relative mRNA expression 
was calculated via 2-ΔCt [Δ cycle threshold (Ct) 
= Ct (target gene)-Ct (β-actin)], the fold change 
between different treatments was calculated by 
2-∆∆CT, where ∆∆CT = ∆CT (experimental group) 
– ∆CT (control group).

IHC
Thyroid carcinoma and corresponding adja-

cent normal tissues were fixed with formaldehyde 
and embedded in paraffin, followed by staining 
with TC-1 polyclonal antibody (1:500, Abcam, 
Cambridge, MA, USA) using IHC streptavi-
din-peroxidase (SP) technique. Positive control: 
Strongly-positive expression was detected in tis-
sues known to contain test antigens according to 
the official website of Abcam. Negative control: 
The primary antibody was replaced with phos-
phate-buffered solution (PBS) solution, and the 
results were all negative. Positive signals are yel-
low, brownish-yellow or tan signals. Five fields 
(10×40) were randomly observed under an elec-
tron microscope, and the proportion of positive 
cells showing yellow, brownish-yellow or tan sig-
nals and the intensity of these signals were used 
for determination.

Western Blotting (WB)
The protein concentration was determined us-

ing a BCA protein concentration assay kit (Beyo-
time, Beijing, China). 40 μg total protein was sep-
arated by sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred 
onto a polyvinylidene difluoride (PVDF) mem-
brane. Then, primary antibody (1:2000, Abcam, 
Cambridge, MA, USA) was added for incubation 
at 4°C, followed by incubation with the corre-
sponding horseradish peroxidase-labeled anti-
body (1:1000, Beyotime, Beijing, China) at room 
temperature for 1 h. Luminescence solution (200 
μL) (Bio-Rad, Hercules, CA, USA) was added 
uniformly and dropwise, followed by develop-

ment using a chemiluminescence imaging anal-
ysis system. Image J (NIH, Bethesda, MD, USA) 
and other image analysis software were utilized 
for gray value calculation and statistical analysis 
of the band on the developed images.

Statistical Analysis
SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was 

used for statistical analysis. Chi-square test was 
adopted to analyze the correlations of TC-1 ex-
pression level with clinicopathological features. 
T-test was used for comparisons of measurement 
data between the two groups, and one-way ANO-
VA, with the Tukey’s post hoc test, was employed 
for comparison among groups. A statistical sig-
nificance was defined when p<0.05.

Results

Expression Level of TC-1 in Thyroid 
Carcinoma and Adjacent Tissues

The mRNA and protein expression levels of 
TC-1 in 50 pairs of thyroid carcinoma and adja-
cent tissues were detected by real-time PCR and 
WB, respectively. The results showed that the lev-
el of TC-1 in carcinoma tissues was significant-
ly higher than those in adjacent tissues (p<0.05) 
(Figure 1, Table I). The mRNA expression of 
TC-1 was significantly related to the protein ex-
pression (p<0.05) (Table II).

Expression Level of TC-1 in Thyroid 
Carcinoma and Adjacent Tissues 
Detected Via IHC

The expression of TC-1 protein in different 
stages of thyroid carcinoma and adjacent tissues 
was detected through IHC. TC-1 protein was 
positively expressed in the cytoplasm (Figure 2). 
Positive expression presented brownish yellow or 
dark brown on IHC. The positive expression rate 
of TC-1 protein in thyroid carcinoma tissues was 
significantly higher than that in adjacent tissues, 
and it was increased with the advance of tumor 
stage (p<0.05) (Table III).

Table I. Protein expression level of TC-1 in carcinoma and 
adjacent tissues.

Group TC-1 Actin

Carcinoma tissue 2646±195   1645±113
Adjacent tissue 892±76a 1723±98 

Note: ap<0.05
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Correlations of TC-1 Expression with 
Clinicopathological Features

Analyses on the correlations of TC-1 expres-
sion with clinicopathological features revealed 
that TC-1 expression was associated with stage, 
tumor pathological grade and lymph node me-
tastasis (p<0.05), but had no significant relations 
with gender and age. The positive expression 
rate of TC-1 in stage III-IV tumors (80.95%) was 

higher than that in stage I (42.11%) and stage II 
(34.38%) tumors (p<0.01). The positive rate in 
those with lymph node metastasis was also higher 
than that in those without lymph node metastasis 
(63.89% vs. 24.0%, p<0.01) (Table IV).

Figure 1. Expression level of TC-1 in thyroid carcinoma (T) and adjacent tissues (NT) measured by PCR and WB.

Table II. Relation between mRNA expression and protein 
expression of TC-1.

 qPCR

TC-1 protein Positive Negative

Carcinoma tissue 2646±195   1645±113
Adjacent tissue 892±76a 1723±98 

Table III. Expression of TC-1 in thyroid carcinoma and 
adjacent tissues.

 TC-1 protein expression

 Negative Positive
 (n) (n) p

Carcinoma tissue  42 28
 in stage I-II   0.01
Carcinoma tissue  10 32
 in stage III-IV   
Adjacent tissue 98 14 3

Table IV. Correlations of TC-1 protein expression with clinicopathological features.

Feature N.  TC-1 negative TC-1 positive p

Gender    
 Male 81 48 33 0.456
 Female 31 18 13 
Age    
 >60 54 35 19 0.623
 ≤60 58 31 27 
TNM stage    
 I 38 22 16 
 II 32 21 11  0.003
 III-IV 42 8 34 
Pathological grade    
 I  45 20 25 
 II  67 12 55 0.000
Lymph node metastasis    
 No 50 38 12  0.007
 Yes 72 26 46 
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Different B-Ultrasound Characteristics
The relationship between TC-1 expression and 

B-ultrasound characteristics was analyzed, and 
ultrasound detection that TC-1 mRNA in PTC 
tissues with micro-calcification was 87.46±49.55. 
This was significantly elevated compared with that 
in those without micro-calcification (38.46±29.15) 
(p<0.05) (Table V).

Discussion

TC-1, first discovered in PTC and its sur-
rounding normal thyroid tissues8,9, has multiple 
functions and is considered to play an import-
ant role in cell cycle control, transcriptional 
control, and translational regulation10. TC-1 
(C8orf4) is a novel gene upregulated in certain 
cancers, which is associated with metastasis 
and poor prognosis. TC-1 is deemed as a pos-
itive regulator of the Wnt signaling pathway. 
In addition, TC-1 is also identified as a novel 
heat shock response regulator11. Heat shock and 
various cellular stresses induce the expression 
of TC-1. TC-1 is involved in the mitogen-acti-
vated ERK1/2 signaling pathway and promotes 
the G1-s phase transition in the cell cycle. Re-

cently, a study12 reported that TC-1 served as 
a hematopoietic regulator in mice. It has been 
manifested that TC-1 up-regulates the expres-
sion of downstream genes and promotes the 
proliferation and invasion of cancer cells13. In-
terestingly, TC-1 upregulates IL-1β and TNF-α 
and facilitates the proliferation of follicular 
dendritic cells14,15. This is critical for the devel-
opment of B cells, suggesting its involvement in 
various biological regulation, inflammation and 
immune regulation under various stimuli.

Previously Zhang et al16 indicates that the apop-
tosis rate of cells transfected with TC-1 is reduced. 
TC-1 is an over-expressed gene in PTC, and the 
Wnt/β-catenin signal transduction pathway plays 
a crucial role in its occurrence and development. 
The activation of Wnt/β-catenin pathway will also 
lead to high expression of target genes, resulting 
in the proliferation and abnormal differentiation 
of cells and thereby facilitating tumorigenesis17,18.

TC-1 may play a key role in the malignant 
transformation of normal thyroid cells13. Com-
pared the expression of TC-1 in normal thyroid 
tissues, an evident difference in TC-1 expression 
between benign and malignant thyroid lesions 
was found in nodular goiter and PTC, indicating 
that TC-1 can be used to differentiate benign and 

Table V. Relationship between TC-1 mRNA expression level and B-ultrasound characteristics.

B-ultrasound characteristics TC-1 mRNA Actin

Micro-calcification observed 87.46±49.55 97.46±22.55
No micro-calcification displayed 38.46±29.15 89.46±43.95
p 0.032 0.26

Figure 2. Expression of TC-1 detected via IHC: positive expression in carcinoma tissues (T) and negative expression in 
adjacent tissues (NT).
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malignant thyroid carcinoma19-20. This finding is 
of certain significance for the diagnosis of benign 
and malignant thyroid lesions.

In this study, qPCR and WB were conducted 
to detect the mRNA and protein expression of 
TC-1 in PTC and corresponding adjacent tis-
sues from 50 patients. The results suggested 
that the expression of TC-1 in PTC tissues was 
overtly higher than those in adjacent tissues, 
further proving an oncogene profile of TC-1. 
This implies that highly-expressed TC-1 may 
be involved in the occurrence and development 
of thyroid carcinoma. Moreover, a statistical 
difference was detected between two groups 
with different pathological grade and lymph 
node metastasis (p<0.05), suggesting that the 
expression of TC-1 is related to the malignan-
cy of PTC. To further clarify the role of TC-1 
gene expression in the progression of PTC, IHC 
was utilized to retrospectively analyze the pro-
tein expression of TC-1 in 112 patients with 
thyroid carcinoma. The results also showed 
that the protein expression of TC-1 was signifi-
cantly associated with tumor-node-metastasis 
(TNM) stage, pathological grade and lymph 
node metastasis. Further in-depth investiga-
tions are needed to clarify the specific mecha-
nism of TC-1 in regulating the occurrence and 
development of PTC. The cocktail strategy of 
prognostic factors, such as TC-1 combined with 
miR-791, still needs further evaluation in the 
diagnosis of thyroid carcinoma21.

Conclusions

We demonstrated that TC-1 was highly ex-
pressed in PTC and had some value in diagnosing 
and staging PTC. It provides academic support for 
the early diagnosis of PTC in the future.
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