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Contactin 1 as a potential biomarker promotes cell  
proliferation and invasion in thyroid cancer
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Abstract: Contactin 1 (CNTN1) as a member of the immunoglobulin superfamily plays important role in the develop-
ment of nervous system. Recent studies find that elevated CNTN1 can promote the metastasis of cancer. However, 
the expression and function of CNTN1 in thyroid cancer are still unknown. Here, we firstly find CNTN1 is a new gene 
which can be regulated by RET/PTC3 (Ret proto-oncogene and Ret-activating protein ELE1) rearrangement gene and 
the protein level of CNTN1 is increasing in thyroid cancer. Besides this change is positively associated with the TNM 
stage and tumor size. Moreover, we confirm that knockdown of CNTN1 significantly inhibits the tumor proliferation, 
invasiveness and represses the expression of cyclin D1 (CCND1). In conclusion, CNTN1 will be a poteintial diagnosis 
biomarker and therapy target for thyroid cancer.
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Introduction

Thyroid cancer (TC) is the most prevalent endo-
crine cancer and one of the fastest growing 
diagnoses worldwide, however the cause and 
mechanism of it are still poorly understood [1]. 
Receptor tyrosine-protein kinase RET is 
involved in numerous process of development. 
Gene rearrangement of RET/PTC3 (Ret proto-
oncogene and Ret-activating protein ELE1) is 
associated with the development of various 
types of cancer, including multiple endocrine 
neoplasia, Hirschsprung disease, and medul-
lary thyroid carcinoma [2-4]. Many studies have 
demonstrated BRAF or RAS mutations, togeth-
er with RET/PTC3 rearrangement may be the 
origin of thyroid cancer especially papillary thy-
roid cancer [5, 6]. And most functions of RET 
are mediated through the pathways such as 
ERK, JNK, and PI3k/AKT [7, 8].

CNTN1 is a glycosylphosphatidylinositol (GPI)-
anchored neuronal membrane protein that 
functions as a cell adhesion molecule [9]. It 
promotes oligodendrocyte maturation and 
myelination by acting as a functional ligand for 
Notch [10-12]. Absence of CNTN1 can result in 
deficits in inhibitory synaptic development [13]. 
Recent study finds that CNTN1 could promote 
the metastasis of lung cancer by reducing 

E-cadherin expression [14]. Liu et al demon-
strate overexpression of CNTN1 in oesophageal 
squamous cell carcinomas is correlated with 
advanced clinical stage and lymph node metas-
tasis [15]. These results are also validated in 
oral squamous cell carcinoma [16]. However, 
the mechanism for the regulation of CNTN1 is 
still blur.

In the present work, we perform Bio-information 
analysis to seek some new mechanism of thy-
roid cancer development. Fortunately, we find 
that CNTN1 may be a novel downstream molec-
ular of RET/PCT3 rearrangement gene which 
plays key role in the origin of thyroid cancer. 
Then we detect the protein level of CNTN1 in a 
series of 100 patients with thyroid cancer by 
immunohistochemistry, and investigate its rela-
tion with clinicopathologic factors. Moreover, 
the function of CNTN1 in thyroid cancer is con-
firmed by cell proliferation assay, Migration and 
invasion assay. And the expression of NOTCH1 
target gene (CCND1) is detected by Western 
Blot assay. 

Materials and methods

Patient’s samples

100 pairs of formalin-fixed paraffin embedded 
specimens used for immunohistochemistry 

http://www.ijcep.com


CNTN1 is a biomarker in thyroid cancer

12474 Int J Clin Exp Pathol 2015;8(10):12473-12481

were collected from patients undergoing surgi-
cal resections in the Zhejiang Cancer Hospital 
from 2013 to 2014. All the cancer and para-
cancer Specimens (tissues with normal glandu-
lar structure) were based on pathological evi-
dence. And no patients received preoperative 
chemotherapy or radiotherapy. All the samples 
were obtained with informed consent and the 
project was approved by Medical Ethics and 
Human Clinical Trial Committee.

Bio-information analysis

The target gene of RET/PTC3 and the expres-
sion of CNTN1 were analyzed by GEO database 
software (GSE10743). Protein interaction is 
analyzed by String.10 software (http://www.
string-db.org/).

Immunohistochemical staining 

Immunohistochemical staining was performed 
using ElivisionTM plus Kit, and detected by DAB 
kit (Maixin, China). The slides were incubated 
over 4 h at 65°C. Antigen retrieval was per-
formed using citrate buffer (pH 6.0) and sec-
tions were held in phosphate buffered saline 
(PBS). After blocking with goat serum, the slides 
were incubated with monoclonal CNTN1 anti-
body (1:50, Santa Cruz Biotechnology) at 4°C 
overnight. Then the sides were incubated with 
ElivisionTM plus polyer HRP (Maixin, China), and 
the protein was detected by DAB system kit. 
Cells had brown granules were taken as posi-
tive stained. And all the immunoreactions were 
separately evaluated for positive DAB staining 
by two independent pathologists. Slides incu-

Figure 1. CNTN1 can be regulated by RET/PTC3 rearrangement gene A. Analysis of RET/PTC3 downstream gene 
in GEO database. B. The expression of CNTN1 was detected by Real time PCR after blocking RET by regorafenib.
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bated with PBS instead of CNTN1 antibody 
were selected as negative control.

Cell culture and transfection

Thyroid cancer cell lines B-CPAP and BHT101 
were purchased from Cell Bank of Chinese 
Academy of Medical Science (Shanghai, China). 
Cells were cultured in DMEM or RPMI-1640 
medium containing 10% fetal bovine serum 
(Life technologies, USA), 100 units/ml penicillin 
and 100 units/ml streptomycin at 37°C in 5% 
incubator.

For transfection, cells were transfected with 
100 nm siRNA which was consisted of pools of 
three to five target-specific 19-25 nt siRNAs 
designed to CNTN1 (Santa Cruz Biotechnology, 
USA) or 100 nm control RNA using Lipofecta- 
mine 2000 (Life technologies, USA) following 
the manufacturer’s instructions. The mRNA or 
protein were harvested and detected after 60 
h.

Cell proliferation assay

Cells were digested and seeded into 96-well 
plates after transfection with CNTN1 siRNA or 
control RNA. Then cells were incubated for 4 h 
in the presence of 20 μl MTT solution (5 mg/ml, 
Sigma), discarded the supernatant and added 
200 μl DMSO, Finally, the spectrophotometric 
absorbance at 490 nm was measured with 
enzyme-labeling instrument.

Western blot analysis

Cell total protein was extracted with RIPA lysis 
Buffer (Thermo Fisher Scientific, USA) contain-

Figure 2. Immunohistochemical staining for CNTN1 in 100 pairs of thyroid cancer. The formalin-fixed paraffin em-
bedded paracancer and cancer specimens which had been confirmed by pathobiology were used. The expression 
of CNTN1 in paracancer, cancer and junctional zone were stained and photographed, magnification, × 100, and the 
scale bar size is 100 μm.

Table 1. Comparison between protein expres-
sion of CNTN1 in paracancer and cancer 
tissues
Type NO Positive N (%) P valuea

Paracancer 100 10 (10%) < 0.001*
Cancer 100 81 (81%)
aChi square test was used for analysis, *stands for 
significant difference at P < 0.05.
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ing protease inhibitor (Roche, USA). Then pro-
tein was separated by 8% SDS-PAGE, and 
transferred to PVDF membrane (Amersham, 
USA). The membrane were blocked with 5% 
defated milk, and incubated with CNTN1 anti-
body (1:500, Santa Cruz Biotechnology), 
GAPDH antibody (1:5000, Kangchen lnc) over-
night. Finally, the membrane was probed with 
HRP (horseradish peroxidase) labeled goat-
antimouse IgG (1:5000, Zhong Shan Jin Qiao 
lnc) and detected by chemiluminescence.

RNA isolation and quantitative real-time PCR

Total RNA was extracted from cultured cells 
using Trizol Reagent (Invitrogen). cDNA was  
synthesized using the PrimeScriptTM RT Rea- 
gent Kit (Takara, China). Then the cDNA  
was amplified with SYBR® premix ExTaqTM II 
(Takara, China) with the following primers: CN- 
TN1-forward, 5’-CAGCCCTTTCCCGGTTTACAA- 
3’, CNTN1-reverse, 5’-TGCTTCTGACCATCCCGTA- 
GT-3’; GAPDH-forward, 5’-CTGGGCTACACTGA- 
GCACC-3’, GAPDH-reverse, 5’-AAGTGGTCGTT- 
GAGGGCAATG-3’. Levels of gene expression 
were determined by ΔΔCT method with the 
results being expressed as mRNA expression 
levels normalized to the level of GAPDH. 

Migration and invasion assay

For migration assay, 1 × 105 cells (100 ul serum 
free medium) transfected with CNTN1 RNAi or 

tions between CNTN1 expression and clinical 
characteristics. For all the tests, differences 
with P < 0.05 were considered statistically 
significant.

Results

CNTN1 was a downstream protein of RET/
PTC3 fusion gene

RET/PTC3 rearrangements was the most fre-
quent genetic alterations in thyroid cancer [17], 
so we firstly analyzed the potential downstream 
gene of RET/PTC3 in GEO database. As shown 
in Figure 1A, the expression of CNTN1 was sig-
nificantly raised in RET/PTC3 transgenic 
mouse. This result suggested that CNTN1 was 
involved in the RET/PTC3 pathway. To further 
confirm this result, cells were treated with a 
RET inhibitor regorafenib to block the activity of 
RET. From the result we could find that the 
expression of CNTN1 decreased (Figure 1B). 

CNTN1 was up-regulated in thyroid cancer

Next, we sought to assess the expression of 
CNTN1 in thyroid cancer. 100 pairs of thyroid 
cancer tissues were collected and analyzed by 
Immunohistochemical staining Assay. Fortu- 
nately, we found the expression of CNTN1 was 
obviously elevated in the tumor tissues by com-
paring with its expression in paracancer tis-
sues. This change became clearer in the junc-

Table 2. Correlation of CNTN1 expression with clinical 
characteristics in Thyroid Cancer

Characteristics Negative (N = 19) 
n (%)

Positive (N = 81) 
n (%) P valuea

Age 
    < 45 8 (42.1% ) 35 (43.2%) 0.930
    ≥ 45 11 (57.9%) 46 (56.8%)
Gender
    Male 13 (68.4%) 50 (61.7%) 0.587
    Female 6 (31.6%) 31 (38.3%)
Tumor size
    ≤ 2 cm (T1) 14 (73.7%) 29 (35.8%) 0.003*
    > 2 cm (T2-T4) 5 (26.3%) 52 (64.2%)
LN status
    Negative (N0) 12 (63.2%) 60 (74.1%) 0.340
    Positive (N1) 7 (36.8%) 21 (25.9%)
TNM stage
    I, II 16 (84.2%) 47 (58%) 0.033*
    III, IV 3 (15.8%) 34 (42%)
aChi square test was used for analysis, *stands for significant differ-
ence at P < 0.05.

control RNA were seeded on the upper 
chamber of the transwell room, and 
500 μl complete medium (containing 
10% FBS, 100 units/ml penicillin and 
100 units/ml streptomycin) were added 
to the lower chamber overnight. Cells in 
the upper of the insert were removed by 
wiping with a cotton swab, fixed and 
stained with 4% crystal violet. Cell num-
bers at the bottom of the insert were 
counted in five random fields. For inva-
sion assay, the upper chamber should 
be coated with 100 ul matrigel solution 
(BD Biosciences, USA) before cells 
seeding. Then the experiment was per-
formed following the migration assay 
procedure.

Statistical analysis

The statistical significance of differenc-
es between groups was assessed using 
SPSS 16.0 and Graphpad Prism 5. Data 
were expressed as mean ± SD, χ2 test 
was used to examine possible correla-
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tional zone which had both normal glandular 
structure and tumorous structure at one piece 
of slide (Figure 2). By Further analysis, we found 
there were only 10 paracancer tissues were 
CNTN1 positive, while 81 cases tumor tissues 
were positive (Table 1).

Correlation of CNTN1 protein expression with 
clinicopathological characteristics in thyroid 
cancer

Further analysis was performed in order to 
explore the role of CNTN1 in the thyroid cancer. 
From Table 2, we could find that CNTN1 level 

was higher in thyroid cancer with larger tumor 
size (P = 0.003); and the protein expression of 
CNTN1 was also significantly correlated with 
TNM (P = 0.033). 91.9% patient’s tumor tis-
sues in III, IV stage possessed positive staining, 
while 74.6% patients in I, II stage showed posi-
tive staining. There were no significant corealti-
on with age, gender, and LN status. 

Knockdown of CNTN1 suppressed the prolife-
ration of thyroid cancer

In order to gain insight into the function of 
CNTN1 in thyroid cancer, we examined the 

Figure 3. The effect of CNTN1 on the proliferation in thyroid cancer cells. Thyroid cancer cell lines B-CPAP and 
BHT101 were transfected with 100 nM CNTN1 RNAi or control RNA, then the expression of CNTN1 were detected 
by Western Blot and Real-time PCR, and the cellular proliferation was assessed by MTT. A. The protein expression of 
CNTN1 in CNTN1 interfered thyroid cancer cell lines. B. The mRNA expression of CNTN1 in CNTN1 interfered thyroid 
cancer cell lines. C. The effect of CNTN1 on cellular proliferation in B-CPAP and BHT101 cell lines were detected by 
MTT proliferation assay. Bars represent the means ± SD of three independent experiments, *P < 0.05. 
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change of proliferation after silencing CNTN1 
with RNA interference assay (RNAi). Western 
Blot (Figure 3A) and Real time PCR (Figure 3B) 
assays were performed to detect the efficient 
of RNAi. As shown in Figure 3C, thyroid cancer 
cell lines treated with CNTN1 RNAi complex 
grew slower than that transfected with control 
RNA. 

Silencing of CNTN1 restrained thyroid cancer 
migration and invasion 

Further, We investigated the effect of CNTN1 
on the migration and invasion of thyroid cancer 
cell lines. As shown in Figure 4A, the migration 
and invasion ability were obviously weakened 
in B-CPAP cell lines. And this result was also 

ma [19, 20]. And this rearrangement preferenti-
ally occurs in papillay thyroid caner among ato-
mic bomb survivors exposed to high radiation 
dose [17, 21]. Shiozaki et al demonstrates that 
XB130 plays important role in RET/PTC3 chro-
mosome rearrangement related thyroid cancer 
cell proliferation and survival [8]. Overactive 
RET promotes the activation of Ras/Raf/MAPK 
[7], PI3k and AKT pathway [22]. Inhibitors for 
RET kinase have been designed and proved 
effective in the therapy of cancer [23-25]. In 
this paper, we firstly find the neural adhesion 
molecular CNTN1 is a new downstream gene of 
RET/PTC3 fusion gene by the analysis of GEO 
profile database. This will help us better under-
stand the function of RET rearrangement in thy-
roid cancer.

Figure 4. The effect of CNTN1 on the migration and invasion in thyroid cancer cells. Thyroid cancer cell lines B-CPAP 
and BHT101 were transfected with 100 nM CNTN1 RNAi or control RNA, and cellular migration and invasion were 
evaluated by Transwell assay. A. The migration and invasion in B-CPAP cell line. B. The migration and invasion in 
BHT101 cell line. All pictures were magnified 100 times, the scale bar size is 200 μm. The results were reproducible 
in three independent experiments. *P < 0.05.

Figure 5. The effect of CNTN1 on Notch pathway. A. Protein-Protein in-
teraction is analyzed by String.10 software. B. Thyroid cancer cell lines 
B-CPAP and BHT101 were transfected with 100 nM CNTN1 RNAi or control 
RNA. The expression of CNTN1 and CCND1 were evaluated by Western 
Blot assay.

confirmed in another thyroid 
cancer cell lines BHT101 (Figure 
4B).

Effects of CNTN1 on notch pa-
thway

In order to further understand 
how CNTN1 induced cell prolife-
ration and invasion, the potenti-
al protein-protein interaction 
was predicted by String.10 soft-
ware. As shown in Figure 5A, 
CNTN1 could interact with 
Notch1. Moreover, we examined 
the exprssion of one Notch  
target gene, cyclin D1 (CCND1). 
As shown in Figure 5B, when 
blocking CNTN1 through interfe-
ring assay, we observed the  
protein expression of CCND1 
was significant downregulated. 

Discussion

The RET proto-oncogene is a 
receptor tyrosine kinase for 
members of the glial cell line-
derived neurotrophic factor 
(GDNF) family of extracellular 
signaling molecules [18]. Mu- 
tant and gene rearrangement 
are prevalent in thyroid carcino-
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Contactins mediate cell surface interactons 
during nervous system development, and are 
involved in the signaling between axons and 
myelinating gial cells via CNTNAP1 [26]. 
Besides, CNTN1 can act as a ligand of NOTCH1 
and promote NOTCH1 activation by releasing 
notch intracellualr domain (NCID) [12]. Recent 
studies have reported that overexpression of 
CNTN1 promotes several cancers metastasis 
[14, 27]. Liu et al study reveals that VEGF-C can 
promote the development of esophageal can-
cer by regulating CNTN1 expression [28]. In this 
study, we check the level of CNTN1 in 100 pairs 
thyroid caner. As expected, CNTN1 is signi-
ficantly evelated in thyroid cancer, moreover, its 
positive staining is associated with the tumor 
size and TNM stage. These finding suggest 
CNTN1 can be a biomarker which is benifit for 
the diagnosis of thyroid cancer. 

The Notch signaling pathway is a highly conser-
ved cell signaling system present in most multi-
cellular organisms [29]. Disoreder of Notch 
pathway is assocaciated with various cancers 
which has led to investigation of notch inhibi-
tors as cancer treatments [30]. During the 
recent years, researchers have proved Notch 
pathway is also a key regulator of cancer stem 
cells (CSCs) [31, 32]. As a key ligand of NOTCH1, 
the function of CNTN1 in thyroid cancer is still 
unclear. In this study, we firstly prove interferan-
ce of CNTN1 obviously depresses cellular proli-
lferation and invasion. We also confirm knock-
down of CNTN1 can inhibit the expression of 
CCND1 .

In summary, our study show that CNTN1 may 
be a novel effector of RET/PTC3. Abnormity of 
CNTN1 could be a potential biomarker of thyro-
id cancer, and participate in the progress of 
tumor proliferation and metastasis by regula-
ting Notch pathway. This finding may point us a 
new direction for the diagnosis and treatment 
of thyroid cancer.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Linyin Fan, De- 
partment of Radiology, Zhejiang Cancer Hospital,  
Banshan Street, 38 Guangji Road, Hangzhou 
310022, Zhejiang Province, People’s Republic of 
China. Tel: +86-571-8812-2255; Fax: 86-571-8812-
2255; E-mail: Fanlinyin@126.com

References 

[1] Kim WB. A closer look at papillary thyroid carci-
noma. Endocrinol Metab (Seoul) 2015; 30: 
1-6.

[2] Yeganeh MZ, Sheikholeslami S and Hedayati 
M. RET Proto Oncogene Mutation Detection 
and Medullary Thyroid Carcinoma Prevention. 
Asian Pac J Cancer Prev 2015; 16: 2107-2117.

[3] Prescott JD and Zeiger MA. The RET oncogene 
in papillary thyroid carcinoma. Cancer 2015; 
[Epub ahead of print].

[4] Muller CM, Haase MG, Kemnitz I and Fitze G. 
Genetic mosaicism of a frameshift mutation in 
the RET gene in a family with Hirschsprung dis-
ease. Gene 2014; 541: 51-54.

[5] Schweppe RE, Kerege AA, Sharma V, Poczobutt 
JM, Gutierrez-Hartmann A, Grzywa RL and 
Haugen BR. Distinct genetic alterations in the 
mitogen-activated protein kinase pathway dic-
tate sensitivity of thyroid cancer cells to mito-
gen-activated protein kinase kinase 1/2 inhibi-
tion. Thyroid 2009; 19: 825-835.

[6] Grubbs EG, Ng PK, Bui J, Busaidy NL, Chen K, 
Lee JE, Lu X, Lu H, Meric-Bernstam F, Mills GB, 
Palmer G, Perrier ND, Scott KL, Shaw KR, 
Waguespack SG, Williams MD, Yelensky R and 
Cote GJ. RET fusion as a novel driver of medul-
lary thyroid carcinoma. J Clin Endocrinol Metab 
2015; 100: 788-793.

[7] Jeong WJ, Mo JH, Park MW, Choi IJ, An SY, Jeon 
EH and Ahn SH. Sunitinib inhibits papillary thy-
roid carcinoma with RET/PTC rearrangement 
but not BRAF mutation. Cancer Biol Ther 2011; 
12: 458-465.

[8] Shiozaki A, Shen-Tu G, Bai X, Iitaka D, De Falco 
V, Santoro M, Keshavjee S and Liu M. XB130 
mediates cancer cell proliferation and survival 
through multiple signaling events downstream 
of Akt. PLoS One 2012; 7: e43646.

[9] Mikami T, Yasunaga D and Kitagawa H. 
Contactin-1 is a functional receptor for neuro-
regulatory chondroitin sulfate-E. J Biol Chem 
2009; 284: 4494-4499.

[10] Schweitzer J, Gimnopoulos D, Lieberoth BC, 
Pogoda HM, Feldner J, Ebert A, Schachner M, 
Becker T and Becker CG. Contactin1a expres-
sion is associated with oligodendrocyte differ-
entiation and axonal regeneration in the cen-
tral nervous system of zebrafish. Mol Cell 
Neurosci 2007; 35: 194-207.

[11] Lamprianou S, Chatzopoulou E, Thomas JL, 
Bouyain S and Harroch S. A complex between 
contactin-1 and the protein tyrosine phospha-
tase PTPRZ controls the development of oligo-
dendrocyte precursor cells. Proc Natl Acad Sci 
U S A 2011; 108: 17498-17503.

[12] Bizzoca A, Corsi P, Polizzi A, Pinto MF, Xenaki D, 
Furley AJ and Gennarini G. F3/Contactin acts 



CNTN1 is a biomarker in thyroid cancer

12481 Int J Clin Exp Pathol 2015;8(10):12473-12481

as a modulator of neurogenesis during cere-
bral cortex development. Dev Biol 2012; 365: 
133-151.

[13] Chen AI, Nguyen CN, Copenhagen DR, Badurek 
S, Minichiello L, Ranscht B and Reichardt LF. 
TrkB (tropomyosin-related kinase B) controls 
the assembly and maintenance of GABAergic 
synapses in the cerebellar cortex. J Neurosci 
2011; 31: 2769-2780.

[14] Yan J, Wong N, Hung C, Chen WX and Tang D. 
Contactin-1 reduces E-cadherin expression via 
activating AKT in lung cancer. PLoS One 2013; 
8: e65463.

[15] Liu P, Chen S, Wu W, Liu B, Shen W, Wang F, He 
X and Zhang S. Contactin-1 (CNTN-1) overex-
pression is correlated with advanced clinical 
stage and lymph node metastasis in oesopha-
geal squamous cell carcinomas. Jpn J Clin 
Oncol 2012; 42: 612-618.

[16] Wu HM, Cao W, Ye D, Ren GX, Wu YN and Guo 
W. Contactin 1 (CNTN1) expression associates 
with regional lymph node metastasis and is a 
novel predictor of prognosis in patients with 
oral squamous cell carcinoma. Mol Med Rep 
2012; 6: 265-270.

[17] Boaventura P, Pereira D, Celestino R, Mendes 
A, Nakasawa T, Teixeira-Gomes J, Sobrinho-
Simoes M and Soares P. Genetic alterations in 
thyroid tumors from patients irradiated in 
childhood for tinea capitis treatment. Eur J 
Endocrinol 2013; 169: 673-679.

[18] Knowles PP, Murray-Rust J, Kjaer S, Scott RP, 
Hanrahan S, Santoro M, Ibanez CF and 
McDonald NQ. Structure and chemical inhibi-
tion of the RET tyrosine kinase domain. J Biol 
Chem 2006; 281: 33577-33587.

[19] Rao PJ, Vardhini NV, Parvathi MV, Murthy PB 
and Sudhakar G. Prevalence of RET/PTC1 and 
RET/PTC3 gene rearrangements in Chennai 
population and its correlation with clinical pa-
rameters. Tumour Biol 2014; 35: 9539-9548.

[20] Henderson YC, Shellenberger TD, Williams MD, 
El-Naggar AK, Fredrick MJ, Cieply KM and 
Clayman GL. High rate of BRAF and RET/PTC 
dual mutations associated with recurrent pap-
illary thyroid carcinoma. Clin Cancer Res 2009; 
15: 485-491.

[21] Hamatani K, Eguchi H, Ito R, Mukai M, 
Takahashi K, Taga M, Imai K, Cologne J, Soda 
M, Arihiro K, Fujihara M, Abe K, Hayashi T, 
Nakashima M, Sekine I, Yasui W, Hayashi Y 
and Nakachi K. RET/PTC rearrangements pref-
erentially occurred in papillary thyroid cancer 
among atomic bomb survivors exposed to high 
radiation dose. Cancer Res 2008; 68: 7176-
7182.

[22] Xing M. Genetic alterations in the phosphati-
dylinositol-3 kinase/Akt pathway in thyroid 
cancer. Thyroid 2010; 20: 697-706.

[23] Frett B, Moccia M, Carlomagno F, Santoro M 
and Li HY. Identification of two novel RET ki-
nase inhibitors through MCR-based drug dis-
covery: design, synthesis and evaluation. Eur J 
Med Chem 2014; 86: 714-723.

[24] Song M. Progress in Discovery of KIF5B-RET 
Kinase Inhibitors for the Treatment of Non-
Small-Cell Lung Cancer. J Med Chem 2015; 
58: 3672-81. 

[25] Falchook GS, Ordonez NG, Bastida CC, 
Stephens PJ, Miller VA, Gaido L, Jackson T and 
Karp DD. Effect of the RET Inhibitor Vandetanib 
in a Patient With RET Fusion-Positive 
Metastatic Non-Small-Cell Lung Cancer. J Clin 
Oncol 2014; [Epub ahead of print].

[26] Pedraza L, Huang JK and Colman D. Disposition 
of axonal caspr with respect to glial cell mem-
branes: Implications for the process of myelin-
ation. J Neurosci Res 2009; 87: 3480-3491.

[27] Yu JW, Wu SH, Lu RQ, Wu JG, Ni XC, Zhou GC, 
Jiang HG, Zheng LH, Li XQ, Du GY and Jiang BJ. 
Expression and significances of contactin-1 in 
human gastric cancer. Gastroenterol Res Pract 
2013; 2013: 210205.

[28] Liu P, Zhou J, Zhu H, Xie L, Wang F, Liu B, Shen 
W, Ye W, Xiang B, Zhu X, Shi R and Zhang S. 
VEGF-C promotes the development of esopha-
geal cancer via regulating CNTN-1 expression. 
Cytokine 2011; 55: 8-17.

[29] Yavropoulou MP, Maladaki A and Yovos JG. The 
role of Notch and Hedgehog signaling path-
ways in pituitary development and pathogene-
sis of pituitary adenomas. Hormones (Athens) 
2015; 14: 5-18.

[30] Kobayashi NC and Noronha SM. Cancer stem 
cells: a new approach to tumor development. 
Rev Assoc Med Bras 2015; 61: 86-93.

[31] Fender AW, Nutter JM, Bertrand FE and 
Sigounas G. Notch-1 Promotes Stemness and 
Epithelial to Mesenchymal Transition in 
Colorectal Cancer. J Cell Biochem 2015; 116: 
2517-27. 

[32] Takebe N, Miele L, Harris PJ, Jeong W, Bando 
H, Kahn M, Yang SX and Ivy SP. Targeting 
Notch, Hedgehog, and Wnt pathways in cancer 
stem cells: clinical update. Nat Rev Clin Oncol 
2015; 12: 445-64.


