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Abstract (English) 

Background 

Genome-wide association studies (GWASs) are widely used in human genetics to 

identify genes associated with various cancers. Several susceptibility loci of 

differentiated thyroid cancer (DTC) have been identified by GWASs (FOXE1, 

NKX2-1, DIRC3, NRG1, IMMP2L, RARRES1, and SNAPC4/CARD9). However, the 

relationship of these genetic markers with thyroid nodules has not been evaluated. 

Additionally, susceptibility loci of thyroid nodules have not been identified. 

Objective 

Our objective was to identify candidate loci that play a role in thyroid nodules by 

discovery GWAS. 

Methods 

We conducted a one-stage case-control GWAS for thyroid nodules in a population-

based cohort. Individuals from the Ansung cohort underwent an initial thyroid 

ultrasonography and a follow-up 2 years later. Additionally, these individuals were 

evaluated using 1.43 million genotyped or imputed markers. In the two 

ultrasonographies, 809 individuals showed solid thyroid nodules in both 

ultrasonographies, while 689 subjects showed normal thyroids in both. We 

performed logistic regression adjusting for age and sex. 

 



 

Results 

Case-control comparisons identified two independent association signals (P < 1.0 × 

10-5): a SNP at 18p11.31 in EPB41L3 (OR = 1.647, P = 2.09 × 10-7) and at 10p11.22 

in ITGB1 (OR = 1.645, P = 5.85 × 10-6). In 13 additional suggestive signals (loci 

with single-point P values between 1.0 × 10-5 and 5.0 × 10-5), SNPs were located 

near NKX2-1 and RARRES1, which are known thyroid cancer susceptibility loci. 

Conclusion 

We found candidate susceptibility loci for thyroid nodules in a one-stage GWAS. 

Our findings suggest that thyroid nodules and thyroid cancer share a common 

genetic etiology. 
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I. INTRODUCTION  

In Korea, the incidence of thyroid cancer, the most common malignancy, is 

increasing (1). The majority of thyroid cancers are well-differentiated thyroid 

cancers (DTCs), which include two subgroups of cancer that are both derived from 

follicular cells: papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC). 

PTC is the most common type of thyroid cancer and constitutes over 90% of all 

thyroid cancers in Korea (2). The recent increase in the incidence of thyroid cancer 

is mainly due to an increase in the rate of diagnosis of small PTCs, likely because of 

early diagnosis by high-resolution ultrasonography. Ultrasonography analysis has 

shown that the prevalence of thyroid nodules is about 40% in the general population 

(3). The overall risk of malignancy of a thyroid nodule is 5–15% (4).   

Thyroid ultrasonography is a useful tool to visualize thyroid nodules. Increase in 

thyroid nodule size is related to the risk of malignancy (5). Ultrasonographic images 

aid in the identification of malignant and benign thyroid nodules, specifically 

malignant thyroid  nodules, which are larger and have a taller-than-wide shape, a 

spiculated margin, marked hypoechogenicity, microcalcification, and 

macrocalcification (6).  

If a thyroid nodule has suspicious features of malignancy by thyroid 

ultrasonography, fine needle aspiration (FNA) of the thyroid nodule is 

recommended to confirm the diagnosis (4). In FNA, the needle is inserted into the 

nodule to collect cells, and the aspirate is stained for cytopathologic examination. 
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The Bethesda reporting system for FNA cytology is widely used for cytological 

diagnosis of thyroid lesions (7). However, FNA analysis provides a diagnosis for 

thyroid nodules in 70–80% cases and about 20–30% of aspirated nodules are 

diagnosed as indeterminate (4). Several genetic tests have been suggested as 

additional tools to improve the accuracy of diagnosing malignant thyroid nodules. 

Recent advances in high-throughput sequencing technologies have enabled the 

comprehensive characterization of somatic mutations in papillary thyroid cancer (8). 

These new insights will help in the diagnosis of thyroid cancer by molecular testing 

for rearrangements, mutation hotspots, and gene expression using FNA specimens. 

Despite advances in the diagnosis and treatment for thyroid cancer, there is no 

established strategy to prevent thyroid cancer. The etiology of thyroid cancer is not 

well characterized, and genetic and epidemiologic studies for prediction of thyroid 

cancer are lacking. A better understanding of the pathogenesis of thyroid cancer 

could aid in the development of preventive strategies. Recently, large-scale genetic 

studies have been used to study diverse diseases. Specifically, genome-wide 

association studies (GWASs) have been successful in identifying susceptibility loci 

for complex diseases by finding common genetic variants associated with the 

disease. GWASs have the potential to elucidate the pathophysiology of a disease 

and could lead to the development of new drugs and preventive strategies. GWASs 

enable the identification of genetic predispositions and gene-environmental 

interactions.  

Recently, several GWASs for thyroid cancer identified single nucleotide 
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polymorphisms (SNPs) associated with a PTC risk. Case-control GWASs have 

identified signals near FOXE1, NKX2-1, DIRC3, NRG1, IMMP2L, RARRES1, 

SNAPC4/CARD9, BAT, and DHX35 as susceptibility loci for DTC or PTC (9-13). 

DTCs have a high degree of heritability, suggesting that genetic factors can 

contribute to the pathogenesis of thyroid cancer (14). GWASs have improved our 

understanding of heritability of thyroid cancer. The cumulative risk of genetic 

variants could be one of the possible explanations for the high heritability of DTC. 

The risk for thyroid nodules is also considered to be heritable and thyroid cancer 

could be considered a subgroup of thyroid nodules. Thus, documented candidate 

SNPs for thyroid cancer could actually be a subset of candidate SNPs associated 

with thyroid nodules. It is unclear whether thyroid cancer and thyroid nodules share 

a common etiology or whether some thyroid cancers arise from benign nodules. 

Studies have not yet investigated genetic susceptibility for thyroid nodules or 

possible common genetic predispositions between thyroid cancer and thyroid 

nodules. Previous GWASs for thyroid cancer have used the general population for 

control groups and did not perform thyroid sonography to evaluate thyroid nodules. 

Thus, genetic susceptibility for thyroid nodules had not been evaluated.  

Therefore, we conducted a GWAS to identify potential susceptibility loci for 

thyroid nodules in a general population-based cohort. We reviewed the results of 

thyroid cancer GWASs to compare susceptibility loci between thyroid cancer and 

thyroid nodules. 
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II. METHODS 

1. Study population and thyroid ultrasonography 

We performed the discovery stage of a case-control analysis in the Ansung cohort, 

a community-based cohort living in rural Korea. Details of the Ansung cohort study 

have been described elsewhere (15). Since 2001, the participants had undergone 

regular biennial examinations. We performed an initial thyroid ultrasonography 

between 2011 and 2012 and a follow-up thyroid ultrasonography between 2013 and 

2014. Of 5,018 cohort participants, 3,161 individuals were evaluated by thyroid 

ultrasonography during the first examination. Follow-up ultrasonography was 

performed in 2,561 of the 3,161 subjects 2 years later. In patients who underwent 

two consecutive ultrasonographies, 952 individuals had solid nodules and 824 had a 

normal thyroid gland. The remaining 785 subjects had a pure cystic nodule, 

disappeared nodule, or newly appeared nodule. Marked hypoechogenicity, taller-

than-wide shape, spiculated margins, and calcifications are signs of malignancy. In 

the 952 individuals with solid nodules, 770 did not have signs of malignancy based 

on ultrasonography. 

 

2. Genotyping and imputation 

DNA was extracted from leukocytes of peripheral blood samples obtained from 

study individuals. Genotyping was performed using an Affymetrix Genome-Wide 
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Human SNP Array 5.0. Imputation was carried out using IMPUTE software 

(https://mathgen.stats.ox.ac.uk/impute). The HapMap phased genotype information 

of CHB and JPT (build 36 release 22) was used as a reference. Genome positions in 

NCBI build 36 (UCSC hg 18) were lifted over to NCBI build 37 (UCSC hg19) 

using binary liftOver tool and python script (http://genome.sph.umich.edu/wiki/ 

LiftOver). We excluded individuals with low call rate (<95%) and SNPs with a 

minor allele frequency of <5%, SNPs with a missing genotype rate ≥5%, and SNPs 

whose genotype frequencies departed from Hardy-Weinberg equilibrium at P < 1 × 

10−6.  

3. Statistical analysis 

In the first analysis, 811 of 952 individuals with solid nodules and 691 of 824 

individuals with normal thyroids were genotyped. After applying strict quality 

control criteria, 1,431,541 SNPs were analyzed for association with the risk for 

solid thyroid nodules in the remaining 809 cases and 689 controls. In the second 

analysis, genotyping was performed for 656 of 770 individuals who had solid 

nodules without signs of malignancy and 691 subjects with normal thyroids; 654 

individuals with solid nodules were assigned to the case group and 689 individuals 

with normal thyroids were assigned to the control group after quality control 

procedures. Statistical analysis was conducted using PLINK version 1.07 and R-

software. The genetic analysis package (qqman) for R-CRAN 3.1.3 was used to 

generate a Manhattan plot and a quantile-quantile (Q-Q) plot. Q-Q plots were used 

to assess the adequacy of the case-control matching. We also calculated the genomic 
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inflation factor (λ) from a GWA analysis to compare the genome-wide distribution 

of the test statistic with the expected null distribution. SNPs for risk of thyroid 

nodules were analyzed under an additive model. Per-allele odds ratios (ORs) and 

associated 95% confidence intervals (CIs) were calculated by logistic regression 

with adjustments for age and sex. We selected the SNPs with high P-values (P < 5.0 

× 10-5). Regional plots were generated using the LocusZoom website 

(http://csg.sph.umich.edu/locuszoom/). 

Figure 1. Work flow of this study 
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III. RESULTS 

The Q-Q plot of the observed values of association test statistics compared to the 

expected distribution showed little deviation from the X = Y line (Figure 1). The 

inflation factor (λ) was 1.02704 and 1.0 after adjusting for age and sex, suggesting 

little evidence for inflation of the test statistics. 

Figure 2. Comparison of the genome-wide distribution of the test statistic with the 

expected null distribution: quantile–quantile (Q–Q) plots 
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We generated a Manhattan plot for the GWAS of thyroid nodules (Figure 3). In the 

GWAS, eight of the ten strongest signals (P < 1 × 10−5) were located in the same 

linkage disequilibrium (LD) region of leading SNPs (rs9952940 and rs3780873). 

SNP rs9952940 is located in an intron of EPB41L3 (18p11.31) and rs3780873 is in 

an intron of ITGB1 (10p11.22). Regional association plots are shown in Figures 4 

and 5. Of the 70 SNPs with borderline P-values (1.0 × 10-5 ≤ P < 5.0 × 10-5), 13 

were lead SNPs. The remaining 57 SNPs had strong LD (r2 ≥ 0.8 or D` ≥ 0.8) with 

the lead SNPs. Fifteen lead SNPs are shown in Table 1. From 13 suggestive signals, 

the SNP rs2415317 was located near NKX2-1, which is a known thyroid cancer 

susceptibility locus. The SNPs rs4680504 and rs4680500 are in the IGCJ-SCHIP1 

gene, which is close to the RARRES1 gene, a susceptibility locus of papillary 

thyroid cancer identified in a previous GWAS.  

Figure 3. Manhattan plot for the GWAS of thyroid nodules 

 

EPB41L3 

ITGB1 
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Figure 4. Regional association plot for EPB41L3 (18p11.31) across a 400-kb 

window 

 

Figure 5. Regional association plot for ITGB1 (10p11.22) across a 400-kb window 
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Table 1. Candidate SNPs for thyroid nodules 

CHR SNP BP 
Risk 
allele 

Cases 
freq 

Controls 
freq 

AFR 
freq 

AMR 
freq 

ASN 
freq 

EUR 
freq 

OR (95% CI) P Nearby gene 
Functional 
annotation 

18 rs9952940 5472021 T 0.809 0.733 0.65 0.75 0.79 0.66 1.647 (1.364-1.988) 2.094ⅹ10-7 EPB41L3 Intronic 

10 rs3780873 33213680 G 0.880 0.820 0.99 0.92 0.82 0.93 1.645 (1.326-2.040) 5.849ⅹ10-6 ITGB1 Intronic 

8 rs10282750 5194473 C 0.720 0.652 0.83 0.89 0.68 0.94 1.450 (1.228-1.711) 1.157ⅹ10-5 CSMD1 Intergenic 

12 rs11175834 65992636 T 0.179 0.125 0.40 0.10 0.14 0.05 1.624 (1.306-2.020) 1.324ⅹ10-5 MSRB3 Intronic 

6 rs16893827 28197469 T 0.936 0.893 0.86 0.93 0.91 0.94 1.859 (1.406-2.458) 1.335ⅹ10-5 ZNF193 Intronic 

14 rs2415317 36609678 A 0.488 0.417 0.17 0.44 0.45 0.59 1.406 (1.206-1.640) 1.352ⅹ10-5 MBIP/ NKX2-1 Intergenic 

10 rs10508774 32807861 A 0.882 0.825 0.91 0.81 0.83 0.91 1.617 (1.302-2.008) 1.388ⅹ10-5 CCDC7 Intronic 

19 rs17261689 8136027 C 0.178 0.123 0.02 0.14 0.15 0.19 1.610 (1.296-1.999) 1.656ⅹ10-5 FBN3 Intronic 

2 rs16829835 152123703 A 0.960 0.916 0.84 0.99 0.94 0.99 2.061 (1.483-2.874) 1.677ⅹ10-5 NMI Intergenic 

3 rs4680504 159140563 C 0.470 0.408 0.26 0.41 0.46 0.46 1.398 (1.197-1.632) 2.314ⅹ10-5 IGCJ-SCHIP1 Intronic 

6 rs4543404 103485033 A 0.819 0.760 0.68 0.73 0.83 0.71 1.508 (1.246-1.824) 2.443ⅹ10-5 GRIK2 Intergenic 

5 rs1864034 29352194 C 0.182 0.133 0.19 0.31 0.14 0.17 1.582 (1.276-1.961) 2.936ⅹ10-5 LOC729862 Intergenic 

8 rs330010 9127516 G 0.969 0.938 0.50 0.93 0.97 0.99 2.253 (1.537-3.304) 3.163ⅹ10-5 LOC157273 Intergenic 

21 rs7283308 42101241 A 0.977 0.950 0.93 0.97 0.98 0.95 2.472 (1.608-3.801) 3.741ⅹ10-5 DSCAM Intronic 

5 rs17075176 172215412 T 0.653 0.598 0.93 0.75 0.65 0.84 1.403 (1.193-1.649) 4.159ⅹ10-5 DUSP1 Intergenic 
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rs944289 in 14q13.3 is the only SNP associated with thyroid nodules that also has a 

significant association with a previously identified DTC susceptibility locus (P-

value of rs965513 in 9q22.33 (FOXE1) = 0.9697; rs966423 in 2q35 (DIRC3) = 

0.749; rs2439302 in 8p12 (NRG1) = 0.171; rs10238549 in 7q31.1 (IMMP2L) = 

0.8133; rs944289 in 14q13.3 (NKX2-1) = 4.051 × 10−5) (Table 2).   

In the second analysis, 654 individuals with solid nodules were assigned to the case 

group and 689 individuals with normal thyroids were assigned to the control group 

after quality control procedures. Associated signals with P < 5.0 × 10-5 are described 

in Table 3. The P-values of the SNPs rs2415317, rs4680504, and rs4680500 were 

0.0001385, 0.000175, and 0.0005819, respectively.  
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Table 2. Documented thyroid cancer-related SNPs 

 

 

 

 

 

 

 

CHR SNP BP 
Risk 
allele 

Cases 
freq 

Controls 
freq 

AFR 
freq 

AMR 
freq 

ASN 
freq 

EUR 
freq 

OR (95% CI) P 
Nearby 

gene 

Functional 

annotation 

9 rs965513 100556109 A 0.061 0.057 0.10 0.30 0.08 0.34 1.006 (0.725-1.398) 0.970 FOXE1 Intergenic 

14 rs944289 36649246 T 0.493 0.427 0.15 0.44 0.45 0.59 1.380 (1.183-1.609) 4.051x10-5 
NKX2-1 

/MBIP 
Intergenic 

2 rs966423 218310340 C 0.769 0.762 0.83 0.55 0.76 0.44 1.030 (0.861-1.231) 0.749 DIRC3 Intronic 

8 rs2439302 32432369 G 0.220 0.202 0.47 0.49 0.19 0.48 1.139 (0.945-1.373) 0.171 NRG1 Intronic 

7 
rs1023854

9 
110181022 T 0.148 0.141 0.27 0.25 0.13 0.30 1.026 (0.827-1.273) 0.813 IMMP2L Intergenic 

20 rs7267944 37947434 C 0.356 0.353 0.42 0.20 0.40 0.19 1.032 (0.878-1.213) 0.704 DHX35 Intergenic 
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Table 3. Candidate SNPs for thyroid nodule without malignant features in ultrasonography 

 

 

 

 

CHR SNP BP 
Risk 

allele 

Cases 

freq 

Controls 

freq 
AFR 
freq 

AMR 
freq 

ASN 
freq 

EUR 
freq 

OR (95% CI) P Nearby gene 
Functional 

annotation 

18 rs9952940 5472021 T 0.807 0.733 0.65 0.75 0.79 0.66 1.610 (1.320-1.963) 2.599ⅹ10-6 EPB41L3 Intronic 

10 rs3780873 33213680 G 0.882 0.820 0.99 0.92 0.82 0.93 1.704 (1.354-2.145) 5.678ⅹ10-6 ITGB1 Intronic 

8 rs4921697 20116621 C 0.692 0.619 0.92 0.50 0.63 0.58 1.469 (1.238-1.744) 1.060ⅹ10-6 LZTS1 Intronic 

10 rs10508774 32807861 A 0.884 0.825 0.91 0.81 0.83 0.91 1.673 (1.327-2.108) 1.331ⅹ10-5 CCDC7 Intronic 

15 rs16958938 47292273 G 0.043 0.015 0.25 0.02 0.03 0.00 3.332 (1.935-5.739) 1.429ⅹ10-5 SEMA6D Intergenic 

10 rs11195881 114065993 C 0.562 0.470 0.03 0.34 0.48 0.34 1.424(1.213-1.671) 1.526ⅹ10-5 TECTB Intergenic 

5 rs1864034 29352194 C 0.188 0.133 0.19 0.31 0.14 0.17 1.63 (1.303-2.039) 1.856ⅹ10-5 LOC729862 Intergenic 

6 rs16893827 28197469 T 0.940 0.893 0.86 0.93 0.91 0.94 1.908 (1.411-2.580) 2.676ⅹ10-5 ZNF193 Intronic 

12 rs10784481 65991148 A 0.568 0.481 0.80 0.44 0.49 0.24 1.415 (1.201-1.667) 3.321ⅹ10-5 MSRB3 Intronic 
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IV. DISCUSSION 

Advances in genome-wide association studies are providing new insights into the 

pathogenesis of differentiated thyroid cancer. Several susceptibility loci of DTC, 

including 9q22.33 (FOXE1), 14q13.3 (NKX2-1), 2q35 (DIRC3), and 8p12 (NRG1), 

were identified and confirmed by serial GWASs. Additional DTC-associated SNPs 

were also found nearby, including those in IMMP2L, RARRES1, SNAPC4/CARD9, 

BAT, and DHX35 (9-13). In those studies, DTC-associated SNPs seemed to be 

related to the heritability of DTC. Moreover, two studies that assess the cumulative 

genetic risk of DTC have reported that DTC risk increases with increase in the 

number of risk alleles (16, 17). 

However, most cases of DTC are discovered as a thyroid nodule, which has a 

reported malignancy risk of 5–10%. Because thyroid nodules are very common in 

the general population, control groups in previous GWASs included individuals who 

had thyroid nodules, and DTC could be considered as a subgroup of subjects with 

thyroid nodules.  

Wang et al. reported an association between benign thyroid nodules and a known 

DTC susceptibility locus, the SNP rs944289T in 14q13.3 (18). This result suggests 

that some of the susceptibility loci for thyroid cancer might not be cancer specific. 

Susceptibility loci for DTC in previous GWASs might be associated with thyroid 

nodules, suggesting that the loci are related with the pathogenesis of thyroid nodules 
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rather than with thyroid cancer. 

In this study, we conducted case-control genome wide analysis for thyroid nodules 

that were evaluated with ultrasonography. The candidate SNP rs9952940 was 

located in an intronic region of EPB41L3 (18p11.31). EPB41L3 (erythrocyte 

membrane protein band 4.1-like 3) is a known tumor suppressor that inhibits cell 

proliferation and promotes apoptosis. This protein is predicted to bind proteins and 

actin and play a role in the structure of the cytoskeleton. Diseases associated with 

EPB41L3 include adenocarcinoma and meningioma. Two studies reported that 

EPB41L3 was downregulated in post-Chernobyl and post-radiotherapy-induced 

thyroid tumors (19, 20). To assess the possible functional role of SNP rs9952940, 

we utilized the web-based tool HaploReg v2 

(www.broadinstitute.org/mammals/haploreg), which is used for the investigation of 

noncoding genome variants. HaploReg v2 suggests how a SNP affects alterations in 

regulatory protein binding, histone modifications, chromatin structure, and 

transcription factor binding sites. Many SNPs in the LD block (SNPs in a strong LD 

(r2 > 0.8)) were predicted to alter transcription factor binding sites according to 

HaploReg v2. The risk T allele of rs9952940 is known to alter FOXA2, FOXD1, 

FOXJ2, FOXK1, and FOXL1. These transcription factors belong to the forkhead 

family; there are several reports about the relationship between FOXA2 and thyroid 

cancer (21, 22). We examined the expression quantitative trait loci data available for 

the gene closest to each SNP (cis-eQTL) by using Genevar 
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(https://www.sanger.ac.uk/resources/software/genevar/). In this search, genetic 

variants in the LD block containing rs9952940 are not associated with the 

expression level of EPB41L3 gene. A functional study of EPB41L3 in thyroid 

nodule pathogenesis should be conducted to further investigate its role.  

Similarly, SNP rs3780873 was located in an intron of ITGB1 (10p11.22). In the 

cis-eQTL analysis, SNPs in the LD block containing rs3780873 are not related to 

the expression level of ITGB1. Cockburn et al. reported that β1 integrin (ITGB1) is 

expressed in the papillary thyroid carcinoma cell line TPC-1 and that RET-induced 

cell adhesion and migration require ITGB1 (23). In fact, RET/PTC rearrangements 

were also found in thyroid nodules, especially in post-Chernobyl benign nodules 

(24). Thus, expression of ITGB1 could play a key role in thyroid nodule formation. 

In this study, SNPs located near the NKX2-1 gene and the RARRES1 gene were 

found to have an association with thyroid nodules. After excluding individuals 

whose sonography findings showed signs of malignant nodules, the association 

between solid nodules and these SNPs decreased but was still significant. This 

result suggests that previous reported SNPs in NKX2-1 and RARRES1 could be 

associated with thyroid nodule formation and are not thyroid cancer specific. It is 

possible that some of the thyroid nodules in this study were thyroid cancer. Thyroid 

nodules could be associated with loci in NKX2-1 and RARRES1, and a subset of 

these nodules could be prone to progress to malignancy. 
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In conclusion, we found 15 candidate SNPs associated with thyroid nodules in the 

discovery stage of GWAS. The strongest signals were located at 18p11.31 in 

EPB41L3 and at 10p11.22 in ITGB1. Additional suggestive signals included 

neighboring SNPs in NKX2-1 and RARRES1. We found that most of the 

susceptibility loci for thyroid cancer are not related to a risk for thyroid nodules. 

Our results suggest that there may be some shared genetic markers for thyroid 

nodules and thyroid cancer. A replication study is needed to confirm these 

associations in independent populations. 
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경:  체 연   (Genome-wide association study, GWAS) 

 간  연 에  다양한 암 에   를 찾는  널리 

사 는 다. 화 갑상 암에 도  체 연   통하

여  가 확 었다 (FOXE1, NKX2-1, DIRC3, NRG1, IMMP2L, 

RARRES1, SNAPC4/CARD9). 그러나 러한  갑상  결 과  

 아직 혀지지 않았고 또한 갑상  결 에 감수  를 현재

지 확  가 없다. 

: 본 연   1차  체 연   통하여 갑상  결

과  후보 를 확 하는 것에 다. 

: 지역사회  코호트에  갑상  결 에 한 1단계  체 

연   시행하 다. 안 코호트  연 상 들에게 갑상  

 시행하 고 2년후 2차 갑상  를 시행하 다. 그리고 143만개

 단 염  다형  (Single Nucleotide polymorphism, SNP)  확 하

다. 2  에  809  고형결  견  보 고 689  상갑

상  견  보여주 다. 에 별과 나 를 보 한 지스틱 회귀

 시행하 다 
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결과: 환 -  비 에  P값 1.0 × 10-5 미만   는 곳  

18p11.31 치  EPB41L3  (OR = 1.647, P = 2.09 × 10-7) 

10p11.22 치  ITGB1  (OR = 1.645, P = 5.85 × 10-6) SNP

었다. 가  13개   SNP (P값 1.0 × 10-5 -5.0 × 10-5사 )  2

개  SNP  NKX2-1  RARRES1 에 재하 고  들

  연 에  갑상 암과  다. 

결 : 본연 에  1차  체 연  통하여 갑상  결 과 

 를 견하 다.  견  갑상  결 과 갑상 암  공통

  원  가질 수  시사한다. 

 

 

 

 

 

주 어: 갑상  결 ,  체 연 , 갑상 암, 갑상   

학 : 2010-21879 


	I  INTRODUCTION                   
	II  METHODS 
	1  Study population and thyroid ultrasonography            
	2  Genotyping and imputation                  
	3  Statistical analysis                      

	III  RESULTS                         
	IV  DISCUSSION                        
	V  REFERENCES                       


<startpage>9
I  INTRODUCTION                    1
II  METHODS  4
 1  Study population and thyroid ultrasonography             4
 2  Genotyping and imputation                   4
 3  Statistical analysis                       5
III  RESULTS                          7
IV  DISCUSSION                         14
V  REFERENCES                        18
</body>

