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ABSTRACT 

 

 

Analysis of CXCR4 mutation and expression in thyroid carcinoma 

 

 

 

Dong Yeob Shin 

 Department of Medicine 

The Graduate School, Yonsei University  

(Directed by Professor Eun Jig Lee) 

 

Background/Aims: Functional chemokine (C-X-C motif) receptor 4 

(CXCR4) is well known to over-expressed in papillary thyroid 

carcinoma (PTC) and more extensively in anaplastic thyroid carcinoma 

(ATC). CXCR4 stimulates the proliferation and chemotaxis of the 

tumors in response to endogenous stromal cell–derived factor-1 (SDF-

1)/CXCL12 chemokine. The aim of this study is analyzing the CXCR4 

gene of ATC to evaluate whether activating mutations exist and 

determining the correlation of CXCR4 expression with the 

clinicopathologic characteristics in PTC.  

Methods: Genomic DNA of three ATC cell lines were extracted and 

sequenced for evaluation of the possible activating mutation. 96 PTC 
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tissue samples from 99 patients of PTC were assembled by tissue 

microarray technique and the CXCR4 expression in tumors and 

surrounding normal regions were assessed using immunohistochemical 

staining for CXCR4 molecule. Thereafter, the association of staining 

intensity with clinicopathologic features was evaluated by statistical 

methods.  

Results: DNA sequence analysis did not showed any activating 

mutation of CXCR4 in ATC samples. The expression of CXCR4 was 

correlated with histological subtype of PTC (p < 0.001), exhibiting 

stronger expression in poorly differentiated variant of PTC. While 

normal surrounding thyrocytes mostly did not express CXCR4, some of 

the samples around the strong CXCR4 staining tumor regions also 

showed CXCR4 staining. 

Conclusion: Constitutively activating mutations of CXCR4 gene 

appear not to be the possible cause of the aggressive tumor activity in 

ATC. The level of differentiation of variant subtype of PTC is 

significant factor correlated with the CXCR4 expression.    
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I. INTRODUCTION  

 

Chemokines are initially reported as chemoattractant cytokines to play a 

major role in the recruitment of immune cells to sites of inflammation1. 

Chemokine molecules initiate their signal transduction through the activation 

of Gi family of seven-transmembrane G protein coupled receptors. These 

chemokine-chemokine receptor interaction leads to not only chemotaxis of 

leukocytes, but also diverse pathophysiologic process such as cancer cell 

migration, survival and growth2. Recently, functional chemokine receptors 

have been known to be expressed in a number of human epithelial cancers and 

have a critical role in migration and metastasis3. Among them, chemokine (C-

X-C motif) receptor 4 (CXCR4) is the most well studied and important 

chemokine receptor in cancer cells and it was known to be expressed in 
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numerous human tumors, including carcinomas of the lung, breast, prostate, 

and colon4. Stromal cell-derived factor 1 (SDF-1)/CXCL12, the unique ligand 

of CXCR4 may stimulate proliferation, chemotaxis, and site-specific 

metastasis of CXCR4-expressing cancer cells. 

While several studies have found that thyrocytes and stromal cells produce 

SDF-1/CXCL12 in vitro and in vivo5, the functional expression of CXCR4 in 

thyroid tissue is still rather controversial. Aust et al.5 reported that CXCR4 

mRNA was expressed in low level in normal thyrocytes. Hwang et al.6 also 

showed that papillary thyroid carcinoma (PTC) cells and surrounding normal 

thyroid gland tissues and anaplastic thyroid carcinoma (ATC) cells expressed 

SDF-1/CXCL12 and CXCR4 mRNA. However, Castellone et al.7 showed that 

CXCR4 was expressed in RET/PTC-positive papillary thyroid cancer cell 

lines, but not in normal thyroid cells. Moreover, CXCR4 has been over-

expressed in ATC samples compared to normal thyroid tissues and PTC 

samples at protein level. CXCR4-expressing ATC cell lines exhibited SDF-1 

induced chemotaxis, suggesting that CXCR4 expression in ATC cells is 

functionally significant and may affect local invasion and metastasis of ATC6, 

8. Although expression of CXCR4 and its chemokine ligand, SDF-1/CXCL12 

in thyroid carcinoma has been examined through many studies so far, the 

clinicopathologic factors determining the level of CXCR4 expression in each 

tumor and the exact molecular mechanism underlying the up-regulation of 

CXCR4 have not been established yet. There have been several reports of 

constitutively active variants of various G-protein coupled receptors that 

might be naturally occurred or genetically manipulated9-16. Zhang et al.17 

reported a constitutively active mutant CXCR4 with autonomous signaling 
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which was derived by coupling the receptor to the pheromone response 

pathway in yeast.  

In this study, to better understand the possible mechanism for CXCR4 

activation, we analyzed the CXCR4 gene in three ATC cell lines, ARO, DRO, 

FRO with the hypothesis that constitutively activating mutation of CXCR4 

gene might occur in ATC. We also examined the difference of CXCR4 

expression pattern among histological subtypes of PTC and their relationship 

with various clinicopathologic factors to further elucidate the significance of 

CXCR4 in thyroid carcinoma.  

 

II. MATERIALS AND METHODS  

 

1. Mutation analysis of CXCR4 gene 

 

A. Cell lines 

Primary cultures of human ATC cells (ARO, DRO, FRO) were obtained 

from W. Chung (Department of Surgery, Yonsei University Health System, 

Seoul, Korea). Continuous cell lines of ARO and FRO were maintained in 

RPMI1640 medium supplemented with 10% fetal bovine serum, 1% 

penicillin-streptomycin, and 1% glutamine. DRO cell line was cultured in 

DMEM also containing 10% fetal bovine serum, 1% penicillin-streptomycin, 

and 1% glutamine.  

 

B. Isolation and sequence analysis of DNA  

Genomic DNA was extracted from all three cultured ATC cell lines (ARO, 
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DRO, FRO) using QIAamp DNA Mini Kit (Qiagen inc., Valencia, CA, USA) 

according to the manufacturer’s instructions. The CXCR4 gene located at 

2q21 chromosome 2 is amplified by PCR using five pairs of primers flanking 

all region of CXCR4 gene including two exons and intron between the exons 

sequentially (Table 1). All primers were designed from the identified sequence 

information. The PCR (50 µL) included 100 ng template DNA, 10 pmol of 

each primer, 250 µM deoxynucleoside triphosphate (dNTPs), 1.5 mM MgCl2 

in PCR buffer (30 mM KCl, 10 mM Tris-HCl (pH 9.0)) containing 2.5 U Top 

DNA polymerase (Bioneer Inc., Alameda, CA, USA). Cycle conditions were: 

2 min hot start at 96°C, followed by 35 cycles of 1min at 94°C, 45 sec at 51°C, 

45 sec at 72°C, followed by extension at 72°C for 15 min on DNA Engine 

Peltier Thermal Cycler (Bio-Rad Laboratories Inc., Hercules, CA, USA). The 

PCR products were resolved in 1.0% agarose gels and purified as described 

previously18. Direct DNA sequencing was performed using ABI prism™ 

Bigdye™ terminator cycle sequencing Ready reaction kits V.3.1 (Applied 

Biosystems, Foster City, CA, USA) and ABI 3730XL capillary DNA 

Sequencer (Applied Biosystems, Foster City, CA, USA). 

 

Table 1. Primers used to amplify the 2 exons of the CXCR4. 

Exon Sense Antisense 

1 CGCTCGGAGCGTGTTTTTAT CTGCGCTCTAAGTTCAAACG 

2-1 TTGTGCCCTTAGCCCACTAC TCCCAAAGTACCAGTTTGCC 

2-2 CGACCTCCTCTTTGTCATCA GGTAGAAGCGGTCACAGATA 

2-3 TATTCCCGACTTCATCTTTG GTGATGGAAATCCACTTGTG 

2-4 TGGAAATCATCAAGCAAGGG TGTACAATATTGGTCAGTCTTTTATATCTG 
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2. Tissue microarray analysis of CXCR4 

 

A. Subjects 

96 PTC tissue samples were collected from 99 patients undergoing 

thyroidectomy and cervical lymph node dissection between March 1993 and 

March 2007 at Yonsei University Health System. All operations were 

performed by total eight surgeons. Clinical parameters such as patient age, sex 

and tumor characteristics of tumor size and the presence of extrathyroidal 

invasion, regional lymph node metastasis, and multiplicity of mass were 

obtained from hospital records including post-operative pathologic reports. 

The histological subtype of each PTC tissue sample was assessed by two well-

trained pathologists through microscopic examination.          

 

B. Construction of tissue microarray and immunohistochemical staining 

Based on microscopic examination of hematoxylin-and-eosin-stained slides 

from each PTC sample, two independent cores of formalin-fixed, paraffin-

embedded tissue were punched out from the site of each PTC and the 

surrounding normal region using a manual tissue-arraying instrument with 

accessory if tissue conditions permitted. For construction of tissue 

microarrays, cylindrical cores of 96 PTC tissues and 83 surrounding normal 

tissues were compactly assembled into five paraffin tissue microarray blocks. 

Then, these blocks were cut into 4-µm-thickness for immunohistochemical 

analysis. After tissue microarray sections of 4-µm-thickness were 

deparaffinised by xylene, and rehydrated gradually in graded alcohols, antigen 
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retrieval was performed by microwave heating for 15 min in 10 mM sodium 

citrate buffer, pH 6.0. The sections were incubated for 10 min in peroxidase 

quenching solution (1% H2O2 in TBS buffer) and treated with blocking 

solution (10% goat serum; Vector Laboratories, Burlingame, CA, USA) for 1 

hr to reduce non-specific staining prior to application of the primary antibody. 

For the detection of CXCR4, microarray sections were incubated at 4°C 

overnight with the polyclonal rabbit antibody against CXCR4 (H-118; 1:50; 

Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA). Following TBST 

washes to remove unbound antibody, biotinylated goat anti-rabbit secondary 

antibody (7.5 µg/mL, 1:200; Vector Laboratories) was applied for 30 min. 

Sections were incubated with RTU horseradish peroxidase streptavidin (HRP; 

Vector Laboratories) for 10 min. Demonstration of HRP was achieved by 

incubating sections in the substrate diaminobenzidine (DAB; Dako, Glostrup, 

Denmark) prepared according to the manufacturer’s instructions for 5 min. 

Sections were then counterstained with hematoxylin for 10 sec, dehydrated 

through graded alcohols, cleared in xylene, and mounted. 

 

C. Assessment of immunohistochemical staining 

The intensity of cytoplasmic CXCR4 staining was assessed semi-

quantitatively by two independent observers who were blinded to 

clinicopathologic data. Discrepancies were resolved by re-examination of the 

slides by both observers simultaneously. We scored to each tumor and 

surrounding normal tissue as follows: score 1 (0-10% of cells stained with 

absent/faint intensity), score 2 (11-50% of cells stained with weak or 

moderate intensity), score 3 (>50% of cells stained with high intensity). 
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According the scoring results, the CXCR4 expression results were classified 

into two groups: Weak staining group (score 1) and Strong staining group 

(score 2 or score 3).  

 

D. Statistical analysis 

The associations of CXCR4 expression with various clinicopathologic 

factors including histological tumor subtype and the existence of 

extrathyroidal extension, lymph node metastasis, nodular multiplicity were 

explored using Chi-Square test or Fisher’s exact test as appropriate. The 

relationship of CXCR4 expression with tumor size was evaluated with 

independent T-test. All of the statistical tests were two-tailed and p-values of < 

0.05 were considered statistically significant. Statistical data analyses were 

performed using SPSS software package for Windows (Version 12.0; SPSS 

Inc., Chicago, IL, USA). 

 

III. RESULTS 

 

1. Sequence analysis of CXCR4 gene 

 

Three cultured cell lines of ATC (ARO, DRO, FRO) were screened for 

activating mutation of CXCR4 gene. The result of sequence analysis for two 

exons of CXCR4 genomic DNA is presented in Table 2. The entire coding 

sequences of CXCR4 gene (exon 1 and 2) were analyzed for each ATC cell 

line. Sequence analysis showed the identical DNA sequence of known wild-

type genotype of CXCR4 in all three ATC cell lines, suggesting that there 
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would not be any activating mutation of CXCR4 gene in ATC cells.  

 

Table 2. DNA sequence analysis of the CXCR4. 

 ARO, FRO, DRO 

Exon 1 

 
AACTTCAGTTTGTTGGCTGCGGCAGCAGGTAGCAAAGTGACGCCGAG
GGCCTGAGTGCTCCAGTAGCCACCGCATCTGGAGAACCAGCGGTTACC
ATGGAGGGGATCAGTGTAAGTCCAGTTTCAACCTGCTTTGTCATAAATG
TACAAACGTTTGAACTTAGAGCGCAG  

Exon 2 

 
 
ATGTCCATTCCTTTGCCTCTTTTGCAGATATACACTTCAGATAACTACAC
CGAGGAAATGGGCTCAGGGGACTATGACTCCATGAAGGAACCCTGTTT
CCGTGAAGAAAATGCTAATTTCAATAAAATCTTCCTGCCCACCATCTAC
TCCATCATCTTCTTAACTGGCATTGTGGGCAATGGATTGGTCATCCTGGT
CATGGGTTACCAGAAGAAACTGAGAAGCATGACGGACAAGTACAGGC
TGCACCTGTCAGTGGCCGACCTCCTCTTTGTCATCACGCTTCCCTTCTG
GGCAGTTGATGCCGTGGCAAACTGGTACTTTGGGAACTTCCTATGCAA
GGCAGTCCATGTCATCTACACAGTCAACCTCTACAGCAGTGTCCTCATC
CTGGCCTTCATCAGTCTGGACCGCTACCTGGCCATCGTCCACGCCACCA
ACAGTCAGAGGCCAAGGAAGCTGTTGGCTGAAAAGGTGGTCTATGTT
GGCGTCTGGATCCCTGCCCTCCTGCTGACTATTCCCGACTTCATCTTTG
CCAACGTCAGTGAGGCAGATGACAGATATATCTGTGACCGCTTCTACCC
CAATGACTTGTGGGTGGTTGTGTTCCAGTTTCAGCACATCATGGTTGGC
CTTATCCTGCCTGGTATTGTCATCCTGTCCTGCTATTGCATTATCATCTCC
AAGCTGTCACACTCCAAGGGCCACCAGAAGCGCAAGGCCCTCAAGAC
CACAGTCATCCTCATCCTGGCTTTCTTCGCCTGTTGGCTGCCTTACTACA
TTGGGATCAGCATCGACTCCTTCATCCTCCTGGAAATCATCAAGCAAGG
GTGTGAGTTTGAGAACACTGTGCACAAGTGGATTTCCATCACCGAGGC
CCTAGCTTTCTTCCACTGTTGTCTGAACCCCATCCTCTATGCTTTCCTTG
GAGCCAAATTTAAAACCTCTGCCCAGCACGCACTCACCTCTGTGAGCA
GAGGGTCCAGCCTCAAGATCCTCTCCAAAGGAAAGCGAGGTGGACAT
TCATCTGTTTCCACTGAGTCTGAGTCTTCAAGTTTTCACTCCAGCTAA  
 

 

2. Tissue microarray analysis of CXCR4 

 

96 biopsied cores from tumor region and 83 cylindrical cores from 

surrounding normal area of paraffinised tissues of 99 patients were assembled 

and analyzed for this study. The patients showed female sex dominant features 

(M:F = 16:83) and all of them were diagnosed as PTC. The histological 

subtypes of tumors included poorly differentiated form (PD), follicular variant 

(FV), and diffuse sclerosing variant (DS). Baseline clinicopathologic 

characteristics of the patients and tissue samples are summarized in Table 3.  
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Table 3. Clinicopathologic characteristics of tissue microarrays. 

   Papillary thryodi carcinioma   

Total Patients  99 

Tumor  96 

Normal  83 

Age(Median±SD)  38.5 ± 12.8 

Sex   

Male 16(16.2%) 

Female 83(83.8%) 

Histologic subtype   

FV 61(61.6%) 

DS 17(17.2%) 

PD 21(21.2%) 

Tumor characterisitics   

Tumor size 
(Mean(cm)±SD) 2.1 ± 1.3 

Extrathyoridal 
extension 30(30.3%) 

Lymph node 
metastasis 34(34.3%) 

Multiplicity 36(36.4%) 

  

PD, poorly differentiated; FV, follicular variant; DS, diffuse sclerosing variant 

 

Tumor characteristics including the tumor size, the existence of 

extrathyroidal extension, lymph node metastasis, and multiplicity of masses 

were also analyzed in each histological subtype and summarized in Table 4. 

Notably, the samples with DS form showed relatively high rate of 

extrathyroidal invasion, lymph node metastasis, and multiple nodules, 

accordant with known clinical features of each pathological subtype. 
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Table 4. Tumor characteristics according to various subtypes. 

 PD 
(n=21)  

FV 
(n=61)  

DS 
(n=17)  

Mean tumor size (cm)  2.2 ± 1.3  2.0 ± 1.1  2.3 ± 1.7  

Extrathyoridal 
extension  7(33.3%)  13(21.3%)  10(58.5%)  

Lymph node 
metastasis  6(28.6%)  12(19.7%)  16(94.1%)  

Multiplicity  4(19.0%)  22(36.1%)  10(58.5%)  

PD, poorly differentiated; FV, follicular variant; DS, diffuse sclerosing variant  

 

As previously mentioned, we assessed the intensity and extent of 

immunohistochemical staining with anti CXCR4 antibody for tumor and 

surrounding normal tissues using 3-score system. Diverse extents of CXCR4 

staining results were observed not only in tumor tissues but also in normal 

surrounding tissues, that were presented in Figures 1 and 2 with the 

representative examples of each CXCR4 staining score according to the 

histological subtype.  

 

 

Figure 1. CXCR4 staining at normal surrounding tissues. A, Normal tissue 

around follicular variant papillary thyroid carcinoma showing absent CXCR4 
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staining (X200). B, Normal tissue around poorly differentiated papillary 

thyroid carcinoma showing intermediated CXCR4 staining (X200).  

 

 

Figure 2. CXCR4 staining of papillary thyroid carcinoma(PTC) with various 

histological subtypes. A, B, C, CXCR4 staining in poorly differentiated PTC. 

D, E, F, Immunostaining for CXCR4 in follicular variant PTC. G, H, 

Immunostaining for CXCR4 in diffuse sclerosing variant PTC. Each column 

shows absent (score 1), intermediate (score 2), high intensity (score 3) 

immunostaining, respectively.  
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The proportions of each CXCR4 staining score in tumor and normal 

surrounding tissues are summarized in Figure 3. While 38 of 96 PTC tumor 

samples showed scores 2 or 3 that were included in strong staining group, 23 

of 83 samples from surrounding normal tissues belonged to weak staining 

group (score 1).  

 

 

Figure 3. CXCR4 staining of tumor lesions and surrounding normal tissues. 

 

At first, we analyzed CXCR4 staining pattern in PTC tumors according to 

histological cancer subtype (Table 5). PD samples had the high incidences of 

strong CXCR4 staining of 81.0%, compared with FV and DS samples that 

presented weak CXCR4 staining dominant patterns. Each group of 

histological subtype showed statistically significant difference in the rate of 

strong CXCR4 staining (p < 0.001). 
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Table 5. CXCR4 statining in tumors according to histological subtype. 

(p < 0.001)  

 Weak staining  Strong staining  Total 

FV  40 (69.0%)  18 (31.0%)  58  

DS  15 (88.2%)  2 (11.8%)  17  

PD  4 (19.0%)  17 (81.0%)  21  

Total  59 (61.4%)  37 (38.5%)  96  

PD, poorly differentiated; FV, follicular variant; DS, diffuse sclerosing variant 

"Weak staining" had score of 1+. "Strong staining" had scores of 2+ and 3+. 

 

We also analyzed CXCR4 staining pattern in tumor samples according to 

other clinicopathologic characteristics (Table 6). There was no statistically 

significant difference in mean tumor size between weak and strong CXCR4 

staining groups. According to other features such as the existence of 

extrathyroidal invasion, lymph node metastasis, and nodular multiplicity, 

there was no difference in the incidence of strong CXCR4 staining pattern.  
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Table 6. CXCR4 staining in tumors according to tumor characteristics.  

 Weak staining  Strong staining  p  

Mean tumor size (cm)  2.2 ± 1.2  2.0 ± 1.4  0.618 a 

Extrathyroidal 
extension     

Absent (n=66) 39  27 

Present (n=30) 20  10  
0.486 b 

Lymph node 
metastasis     

Absent (n=62) 35  27  

Present (n=34) 24  10  
0.173 b 

Multiplicity     

Single (n=62) 36  26  

Multiple (n=34) 23  11  
0.356 b 

a Independent T-test 
b Chi-Squre test 

   

As we observed that some of normal surrounding tissues of PTC showed 

strong CXCR4 staining, we analyzed CXCR4 expression pattern at normal 

surrounding tissues according to the level of CXCR4 staining in tumor region 

to reveal any correlation between the extent of CXCR4 staining of tumor itself 

and the surrounding normal tissue area (Table 7). Total 90 PTC samples that 

contained both tumor and surrounding normal tissue regions were analyzed. 

While 92.0% of normal tissues around the tumors presenting weak CXCR4 

staining (score 1) showed absent or faint CXCR4 staining patterns and only 

8.0% of samples showed strong staining, the strong staining group (score 2 or 

3) of tumor region showed the higher incidence (60.0%) of strong CXCR4 

staining (score 2 or 3) in surrounding normal tissues. The difference of 
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CXCR4 staining extent in surrounding normal tissues according to the level of 

CXCR4 staining at each tumor region was statistically significant (p < 0.001). 

 

Table 7. CXCR4 staining at normal surrounding tissue and tumor lesion. 

(p < 0.001)  

           Normal 

Tumor 
Weak staining  Strong staining  Total  

Weak staining  46 (92.0%)  4 (8.0%)  50 

Strong staining  12 (40.0%)  18 (60.0%)  30 

Total 58 (72.5%)  22 (27.5%)  80 

 

 

IV. DISCUSSION 

 

Chemokine receptor CXCR4 is known to show high level expression in 

most epithelial cancers4, and this receptor has been studied so far with the 

interest about the correlation of its expression with the various clinical 

features of the many cancers such as proliferation and chemotaxis. Thyroid 

cancer also expresses high level of CXCR4 as many other cancers of 

epithelial origin do and functional and increased expression of CXCR4 in 

PTC and ATC has been well documented6-8. SDF-1/CXCL12, the unique 

ligand of CXCR4 is not expressed in most cancers of epithelial origin, 

whereas in many cases, it is highly produced in specific body region targeted 

by metastatic cancer cells or tumoral stroma19, 20, suggesting the hypothesis 

that the role of this chemokine and its receptor, CXCR4 is attracting cancer 
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cells to the metastatic sites or stimulating the local tumor growth and survival 

of cancer cells. However, the underlying molecular mechanisms of CXCR4 

up-regulation in thyroid cancer are not thoroughly known yet, although the 

facts that SDF-1 activates MAPK and p70S6 kinase in CXCR4-expressing 

ATC cells and CXCR4 expression is correlated with the RET/PTC-RAS-

BRAF-ERK pathway in PTC cells6, 7.  

In this study, we hypothesized that activating mutation of CXCR4 might be 

one of the potential mechanisms for enhancing the signal transduction of this 

chemokine receptor activation in ATC cell lines that were well known for 

unexceptionally high expression of CXCR4. The human CXCR4 gene 

contains 2 exons of 103- and 1563-bp size, interrupted by a 2132-bp sized 

intron located between codon 5 (AGT/Ser) and codon 6 (ATA/Ile) of the NH2-

terminal domain21-23. We analyzed the genomic DNA sequences for CXCR4 

of three ATC cell lines (ARO, DRO, FRO) looking for possible mutation that 

might lead to the receptor activation. The sequences analyzed included two 

exons and the intron between them. However, the whole DNA sequences were 

exactly identical to known information of the human CXCR4 gene and no 

mutation was found in the region of CXCR4 coding sequences. It suggest that 

the constitutively activation mutation of CXCR4 hardly can be the possible 

mechanism of highly aggressive behaviors of ATC which can be related 

CXCR4 signal activity.  

Until now, very little has been known about the clinicopathologic factors of 

thyroid carcinomas associated with the expression of CXCR4. Recently, 

Wagner et al.24 reported the evidence that CXCR4 expression in PTC is 

associated with increased tumor size by analyzing the results of 
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immunohistochemical staining of tissue microarray. To our knowledge, there 

has not been the study of the difference of CXCR4 expression among the PTC 

samples with different histological subtypes. FV occupies 9-41% of all PTC 

cases. It is the second most common subtype of PTC, following the simple 

PTC25-27. FV is known to have the same clinicopathologic feature in many 

aspects such as tumor size, multiplicity, and prognosis, etc28, 29. DS is a rare 

variant malignancy accounting for 0.8% of PTC30, 31. Although DS have 

aggressive nature with frequent lymph node and distant metastases at the time 

of diagnosis as in this study and early studies suggested that DS had a poorer 

prognosis than simple PTC, recent studies reported that DS had a similar 

prognosis with simple classical PTC32, 33. We found that the level of CXCR4 

expression is significantly higher in PD samples than other histological 

subtypes (FV and DS). It can be suggested that the histological subtype of 

PTC has significant correlation with the CXCR4 expression of tumors and 

CXCR4 expression may be associated with the level of differentiation and 

clinical prognosis of PTC. We also evaluated the correlation of other 

clinicopathologic factors including the tumor size which was previously 

reported to be associated with CXCR4 expression in PTC24. However, 

according to the results of our study, extrathyroidal extension, lymph node 

invasion, tumor size, and multiplicity are all not associated with CXCR4 

expression in PTC. Although we cannot clearly explain the reason of the 

contradictory finding of this study about the correlation of tumor size and 

CXCR4 expression in PTC with the previous report by Wagner et al.24, 

considering the facts that mean tumor sizes of both groups representing weak 

and strong staining samples in Wagner et al.’s study were relatively small (1.5 
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and 1.9 cm respectively) and the difference between them was small too, more 

cumulative data was still needed to get the confirmative evidence about the 

association of CXCR4 expression with the size of thyroid cancer.  

We found that CXCR4 expressed in the surrounding normal thyrocytes 

especially in the samples that showed strong CXCR4 staining for tumor 

region. For CXCR4 staining in surrounding normal tissues were distinctively 

restricted in the cytoplasmic area and most of thyrocytes around the CXCR4 

negative tumor tissues were not stained, the possibilities of contamination 

with other immnune cells or nonspecific antibody reaction are thought to be 

low. While CXCR4 is known to be not expressed at appreciable levels in 

normal thyrocyte5, mRNA for CXCR4 was detected in normal thyrocytes6 and 

CXCR4 could be up-regulated in normal thyrocytes transformed with the RET 

oncogen with increased response of proliferation and migration in vitro to 

SDF-1/CXCR127, 34. Furthermore, there are reports of other possible 

regulatory mechanisms of CXCR4 expression in addition to RET/PTC 

rearrangements such like that hypoxia-inducible factor (HIF)-1 is capable of 

positively regulating the expression of CXCR4. Although the molecular 

mechanisms of regulating chemokine expression in tumor cell and 

surrounding normal thyrocytes are not evaluated in this study, it can be 

suspected that activation of certain regulatory molecules in microenvironment 

in the region around the cancer cells that express high level of CXCR4 may be 

responsible for increased CXCR4 expression in thyrocytes through the 

mechanism such as post-transcriptional regulation of CXCR4 gene.  

The small number of ATC samples for DNA mutation analysis and PTC 

samples of each histological subtype, lack of the tissue sample of classical 
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PTC which is the most common subtype of PTC are limitations of this study. 

The further study with the more tissue samples including the classical PTC 

must be supplemented. The assessment of possible candidate regulatory 

molecules that have different activity according to the tumor subtype and the 

correlation of those molecules with the CXCR4 expression in tumor or 

surrounding normal thyrocytes are helpful to elucidate the underlying 

mechanism of CXCR4 expression in each tissue.  

    

V. CONCLUSION 

 

In summary, constitutively activating mutations of CXCR4 gene appear not 

to be the possible cause of the aggressive tumor activity in ATC. The level of 

differentiation of variant subtype of PTC is significant factor correlated with 

the CXCR4 expression which can be considered as the useful marker of 

prognostic implication.  
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ABSTRACT (IN KOREAN)ABSTRACT (IN KOREAN)ABSTRACT (IN KOREAN)ABSTRACT (IN KOREAN)    

 

갑상선 암종에서 CXCR4 돌연변이 및 발현 분석 

 

 

< 지도교수 이은직 > 

 

연세대학교 대학원 의학과 

 

신동엽 

 

서론: Chemokine (C-X-C motif) receptor 4 (CXCR4)는 

stromal cell-derived factor-1 (SDF-1)이라는 chemokine에 

특이적으로 결합하는 수용체로 염증 세포의 이동뿐 아니라 암 

세포의 이동, 생존, 성장에 관여하며 다양한 종양 세포에서 

발현된다. 본 연구에서는 CXCR4의 유전자 변이와 

미분화갑상선암의 활성도 증가와의 관련성을 알아보기 위하여 

미분화갑상선암 세포를 대상으로 CXCR4의 유전자 변이의 

유무를 확인하였다. 또한 갑상선유두암의 조직학적 아류형에 

따른 CXCR4의 발현 양상과 다양한 임상양상과의 상관관계를 
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분석하였다. 

대상 및 방법: 실험실에서 배양한 미분화갑상선암 세포에서 

genomic DNA를 정제한 후 DNA sequencing을 시행하여 유전자 

변이의 유무를 확인하고 96개의 유두상갑상선암 수술 후 

조직을 이용하여 조직미세배열 (tissue microarray) 절편을 

제작하고 CXCR4에 대한 면역조직화학염색 

(Immunohistochemistry)을 시행하여 그 발현 여부를 

규명하였으며 종양의 조직학적 분류, 종양 크기, 림프절 전이, 

갑상선 외부 조직 침윤, 다발성 종양 등의 다양한 임상 

양상과의 관련성을 통계적으로 분석하였다.  

결과: DNA 분석 결과 미분화갑상선암에서 CXCR4의 과도한 

활성과 관련된 유전자 돌연변이의 증거는 없었다. 유두상 

갑상선암에서 CXCR4의 발현은 미분화형 갑상선암에서 다른 

조직학적 분류형에 비하여 유의하게 증가되어 있었다.   

결론: CXCR4 유전자의 돌연변이가 미분화갑상선의 성장, 전이 

등의 침습적 특징과 연관되었을 증거는 없으며 

유두상갑상선암에 있어서 종양의 분화도와 관련된 조직학적 

아류형은 CXCR4의 발현 정도와 유의한 상관 관계가 있음을 알 

수 있다.  

핵심되는 말: 갑상선유두암, CXCR4, chemokine 수용체 
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