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ABSTRACT

Genomic Association between Vitamin D3 

Related Genes and Papillary Thyroid

Carcinoma using The Cancer Genome 

Atlas and Nthy/BRAFV600E Cell Line

June Young Choi, M.D

Medicine (Surgery)

The Graduate School

Seoul National University

Introduction: Tumor-suppressing effect of vitamin D3 has been reported in various

carcinomas. However, the relevance between Vitamin D3 and thyroid carcinomas is 

not obvious. The purpose of this study was to evaluate vitamin D receptor (VDR) 

mRNA expression and prognosis in papillary thyroid cancer using The Cancer 

Genome Atlas (TCGA) analysis and to assess the relationship between vitamin D3

and papillary thyroid cancer cell growth and invasion using BRAFV600E cell line.

Methods: RNA sequencing and somatic mutation data from TCGA were analyzed. 
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VDR mRNA expression was compared to clinicopathologic variables by linear 

regression. Tree-based classification was applied to find VDR cutoff and patients 

were split into low and high VDR group. To explain the association of high VDR 

mRNA expression and poor cancer progression, BRAFV600E-transfected Nthy-ori 3-1 

cell line (Nthy/BRAFV600E) and BRAFWT-transfected Nthy cells (Nthy/WT) were 

treated with calcitriol (1,25(OH)2D3, an active form of Vitamin D3), and functional 

assays were performed to assess the differential effects of calcitriol on their 

tumorigenicity and invasiveness. CDNA microarray data analysis was performed to 

understand the results at a gene level.

Results: VDR mRNA expression was elevated in PTC than in normal thyroid tissue. 

VDR mRNA expressions were high in classic and tall cell variant PTC, 

extrathyroidal extension (ETE), and lateral neck node metastasis. High VDR group 

associated with PTC subtype, ETE and recurrence in logistic regression. In cell 

experiment, functional assays showed that calcitriol affects human thyroid cells 

differently depending on BRAF mutation status. The rate of proliferation was 

slightly reduced in Nthy and Nthy/WT, but it was not changed in Nthy/BRAFV600E. 

Anchorage-independent growth was inhibited by calcitriol in Nthy/BRAFV600E. In 

migration/invasion assay, calcitriol suppressed Matrigel invasion in both Nthy/WT 

and Nthy/BRAFV600E, but reduced cell migration only in Nthy/WT. In microarray 

data analysis, Nthy/BRAFV600E cells, CYP24A1 gene is highly expressed after 

calcitriol treatment. CYP24A1 upregulation is higher in Nthy/BRAFV600E than 
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Nthy/WT.

Conclusion: Overexpression of VDR mRNA correlates with subtypes of papillary 

thyroid carcinoma that have the worse prognosis. Vitamin D3 has tumor-suppressing 

effect on human thyroid cells regardless of BRAF mutation status, but BRAF 

mutation makes them resistant to growth and migration-inhibitory effects of 

calcitriol. The BRAFV600E cells induced more CYP24A1 in high concentration of 

calcitriol which results in high VDR mRNA expression.

----------------------------------------------------------------------------------------------

Keywords : vitamin D3, calcitriol, papillary thyroid carcinoma, vitamin D receptor, 

BRAFV600E cell line

Student Number : 2012 – 30533
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Introduction

Thyroid carcinoma is the most common and well-known endocrine 

malignancy, and the incidence of which is increasing world-wide. The most 

common subtype of thyroid carcinoma is papillary thyroid carcinoma (PTC), which 

consists of 80–90% of all the cases. This type of carcinoma has an excellent 

prognosis though, the prognosis significantly worsens when the tumor grows or

metastasizes (1). 

Several epidemiological reports show that higher levels of vitamin D3 are 

associated with a lower risk of development of cancer (2). The active form of 

vitamin D3, 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), exerts antitumor activity by 

binding to the vitamin D receptor (VDR) protein. The antitumor activities of 

1,25(OH)2D3 include inhibition of cancer cell proliferation and angiogenesis, 

promotion of cell differentiation and apoptosis (3-7).

The VDR protein is a receptor expressed by epithelial cells in both normal 

and malignant thyroid tissues. In human, VDR gene is located on chromosome 

12q13.1 (8). In cancer cells, VDR mRNA expression is a response to 1,25(OH)2D3

by decreasing proliferative activity in vitro. Izkhakov et al. reported that expression 

of VDR mRNA in malignant thyroid tissues is higher than that in normal thyroid (1). 

They also reported correlations between VDR mRNA expression and other genes 
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such as ECM1 (extracellular matrix protein-1) and TMPRSS4 (type II 

transmembrane serine protease-4), which are associated with tumor progression. 

Positive correlation was also observed between VDR and ECM1, as well as between 

VDR and TMPRSS4 (1).

Meanwhile, some genetic profiles including BRAFV600E mutation have been 

investigated as a molecular marker to determinate tumor aggressiveness. The 

BRAFV600E mutation is a well-known driver mutation with a single nucleotide 

change of thymine to adenine at 1799 position. This mutation results in a 

substitution of valine to glutamic acid at amino acid 600 (c1799T>A, pV600E) and 

leads to carcinogenesis by activating the BRAF kinase cascade (9). The BRAFV600E

mutation accounts for 95% of BRAF gene alterations and is the most common 

genetic variation in PTC (10). The prevalence of BRAFV600E mutation in PTC is 29-

83% (11). Studies have been reported that the BRAFV600E mutation are correlated

with advanced diseases, such as with extrathyroidal extension or lymph node

metastasis, however it is not clearly linked with overall survival. To explain cancer 

prognosis according to BRAFV600E mutation, secondary gene alterations should be 

investigated that BRAFV600E mutation may play important roles (12).

Nthy-ori 3-1 (hereafter referred as Nthy) is an immortalized thyroid 

follicular epithelial cell line which is derived from normal adult thyroid gland and

has been transfected with a plasmid encoding the SV40 large T gene. Nthy cells are 

used for studies included the control of growth and function of the human thyroid
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cells, for it is the one and only human normal thyrocyte-derived cell line (13). Using 

a MCSV promoter-based lentivirus system, Nthy/BRAFV600E cells expressing either 

wild-type or mutant BRAF were successfully developed. Functional and genomic 

tests were conducted to explore the biological and genomic alterations caused by 

BRAFV600E in normal thyroid cells.

Our study was first designed to evaluate the correlation between the VDR 

mRNA expression and prognostic factors of PTC using "The Cancer Genome

Atlas"(TCGA) data. TCGA is providing multiplatform genomics data such as 

sequence and read count data from next-generation sequencing (NGS), copy-

number analysis, methylomics and proteomics data as well (14). Genomic data were 

also combined with clinical data to correlate the molecular findings with clinical 

characteristics of each patient. Secondly, the aim of this study was to investigate the 

association between different vitamin D3 level and growth of papillary thyroid 

carcinoma using Nthy/BRAFV600E cell line.
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Materials and Methods

TCGA analysis

Web-downloaded TCGA thyroid cancer data, including patients’ clinical 

information, somatic mutations, and RNA sequencing data was used. Subtype 

classification of PTC and MACIS scores were referenced from the 2014 TCGA 

thyroid cancer paper’s supplemental tables (14). The total number of TCGA 

samples comprised 59 normal tissues and 501 cancer tissues. Total 499 patient 

samples were assessed after joining the clinical data without missing attributes. 

Somatic mutations were provided by two different mutation calling files 

from the Illumina DNA sequencing machine. Sequencing experiments were 

performed by the Baylor College of Medicine, the Broad Institute at MIT and 

Harvard Genome Sequencing Center. Mutation status of BRAF, RAS (NRAS, HRAS 

and KRAS) and VDR genes was identified from somatic mutation calling files: 

identical results in two different calling files were considered as meaningful 

mutation. 

TCGA gene expression data from RNA sequencing were provided with 

level 3 RSEM (RNA-Seq by Expectation-Maximization) counts after upper quartile 

normalization, to maintain standardization of different platforms or housekeeping 

genes (https://wiki.nci.nih.gov/). RNA sequencing was performed by the University 
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of North Carolina using an Illumina HiSeq RNA Sequencing machine. We analyzed 

VDR gene expression according to tissue type (normal versus cancer) and clinical 

information. Next, all 20,531 genes were used to assess gene ontology and pathway 

analysis. 

Paired t-test was used to assess differences in gene expression between 59 

paired donor-matched normal and cancer samples, whereas unpaired t-test was used 

to assess global differences between the 59 normal tissues and 499 cancer tissues. 

Association between clinical variables and VDR gene expression was measured by 

uni- and multivariable linear regression analysis. To predict cancer recurrence based 

on VDR expression, continuous VDR expressions was converted into two binary 

groups (low VDR and high VDR group) using tree-based classification analysis with 

a maximized area under the ROC (Receiver Operating Characteristic) curve. Binary 

VDR groups were used for uni- and multivariable logistic regression analyses to 

assess the relationship between VDR expression and clinicopathologic variables. 

Backward selection method was used in both linear and logistic regression for 

multiple model fitting. Kaplan-Meier estimator with log-rank test were used for 

survival analysis.

Differentially Expressed Genes (DEG) and Gene Ontology (GO) tests 

between two VDR groups were performed using "EdgeR" package, which is one of 

the bioinformatics tools in Bioconductor (https://www.bioconductor.org/) (15). 

Pathway enrichment analysis was performed using The Database for Annotation, 
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Visualization and Integrated Discovery (DAVID) (16, 17) and the Gene Set 

Enrichment Analysis (GSEA) program (18). False discovery rate (FDR) correction 

was used to adjust false positive rate from multiple testing. All statistical analyses 

were performed using R 3.2.4. (R Core Team (2016). R: A language and 

environment for statistical computing. R Foundation for Statistical Computing, 

Vienna, Austria. URL https://www.R-project.org/).

Nthy/BRAFV600E cell line

The full length coding sequences of wild-type BRAF and BRAFV600E were 

amplified by PCR from TPC1 and 8505c cells. PCR amplification products were 

cloned into the pCDH-MCS-T2A-copGFP-MCSV lentiviral vector (System 

Biosciences, Mountain View, CA, USA) and packaged by co-transfection with 

psPAX2 and pMD2.G plasmids with Lipofectamine 2000 (Invitrogen, Carlsbad, CA, 

USA) in HEK293FT (Invitrogen, Carlsbad, CA, USA) cells. Virus was harvested 

and concentrated by ultracentrifugation 48 h later. Titers were determined by flow 

cytometry as percentage of green fluorescent protein (GFP)-positive cells. For 

stable cell line generation, Nthy-ori 3-1 cells were treated with different titers of 

lentivirus for 24 h and examined for GFP expression after 3 days. Titers that 

generated at least 95% GFP-positive cells were chosen for further culture. Cells 

with low/intermediate/high GFP expression were sorted using a FACSAria flow 



７

cytometer (BD biosciences, San Jose, CA, US), and only cells with high GFP 

expression survived and proliferated. This cell line was validated with microscopic 

morphology exam, flow cytometry, western blotting, soft agar assay, invasion assay,

and gene expression microarray. (Fig. 1)

Cell proliferation assay

Nthy/WT and Nthy/BRAFV600E cells were seeded in triplicate into 96-well 

plates at 103 cells/well and incubated overnight at 37˚C in 5% CO2. DMSO or 

Calcitriol ((BioVision, San Francisco, CA, USA) was added to each well and 

cultured for 3 days. After the incubation, the relative amount of cells was measured 

using CellTiter-Glo® Luminescent Cell Viability Assay (Promega) following the 

manufacturer’s instruction.

Soft-agar assay

Soft-agar assay was performed using CytoSelectTM 96-Well Cell 

Transformation Assay kit (Cell Biolabs, San Diego, CA, USA). Nthy/WT and 

Nthy/BRAFV600E cells were seeded at about 7,000 cells per well in 24-well plates in 

a top layer of 0.4% agarose on a base layer of 0.6% agarose. Culture medium 

containing DMSO or Calcitriol (BioVision, San Francisco, CA, USA) was added to 



８

each well and cultured at 37˚C in the presence of 5% CO2 for two weeks changing 

the medium every 72h. The number of cells was measured quantitatively by using a 

fluorescent dye of the assay kit following the manufacturer’s instruction. The 

detected relative fluorescence units (RFU) were adjusted based the ones of no-cell 

controls.

Cell migration & invasion assay

The bottom of cell culture inserts with 8-μm pore for 24-well plates was 

coated with 0.2% gelatin (Sigma-Aldrich) and incubated in a laminar air flow 

chamber for an hour. The half of the inserts were coated with 100ul of 0.5mg/ml 

growth factor-reduced Matrigel (BD Bioscience, Bedford, MA, USA) prepared in 

RPMI 1640 medium for the invasion assay. Matrigel was equilibrated for 4 hours at 

37˚C in 5% CO2. The bottom chambers were filled with RPMI with 2% FBS 

containing DMSO or Calcitriol (BioVision, San Francisco, CA, USA). Nthy/WT 

and Nthy/BRAFV600E cells were harvested and re-suspended in RPMI without FBS 

at 5E5 cells/ml. DMSO or Calcitriol was added to the re-suspended cells, and the 

cells were seeded in gelatin/matrigel-coated or gelatin-coated culture inserts and 

incubated for 22 hours at 37˚C in 5% CO2. After the incubation, the cells on the 

upper side of the culture inserts were removed using cotton swabs and the media in 

the bottom chambers were carefully aspirated. To measure the cells under the 
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culture inserts and on the bottom wells, CellTiter-Glo® Luminescent Cell Viability 

Assay (Promega) was used based on the manufacturer’s instruction.

Gene expression microarray

Microarray services were provided by Macrogen (Macrogen Inc., Seoul, 

Korea) using the Affymetrix Human Gene 2.0 ST chip. RNA purity and integrity 

were evaluated by ND-1000 Spectrophotometer (NanoDrop, Wilmington, USA), 

Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, USA).  The 

Affymetrix Whole transcript Expression array process was executed according to 

the manufacturer's protocol (GeneChip Whole Transcript PLUS reagent Kit). cDNA 

was synthesized using the GeneChip WT (Whole Transcript) Amplification kit as 

described by the manufacturer. The sense cDNA was then fragmented and biotin-

labeled with TdT (terminal deoxynucleotidyl transferase) using the GeneChip WT 

Terminal labeling kit. Approximately 5.5 μg of labeled DNA target was hybridized 

to the Affymetrix GeneChip Human 2.0 ST Array at 45°C for 16hour. Hybridized 

arrays were washed and stained on a GeneChip Fluidics Station 450 and scanned on 

a GCS3000 Scanner (Affymetrix). Signal values were computed using the 

Affymetrix® GeneChip™ Command Console software. Raw data were extracted 

automatically in Affymetrix data extraction protocol using the software provided by 

Affymetrix GeneChip® Command Console® Software (AGCC).
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Statistical methods for microarray data analysis.

We conducted two arrays per each cells, total eight microarray data were 

obtained. To read the microarray chip data (*.CEL files), "oligo" package was used. 

(Carvalho BS, Irizarry R. (2010) Bioinformatics). Background correction, 

normalization and summarization was performed using rma algorism (Rafael. A. 

Irizarry et al. (2003) Nucleic Acids Research). "limma" method was applied to find 

the differentially expressed genes (DEGs) (Ritchie ME et al. (2015) Nucleic Acids 

Research). Variation filtering ratio to correct type I error was 0.2 (20% of genes are 

filtered out). Significantly different expression was defined as p-value < 0.05 after 

filtering variation. All analysis software in this study are provided by bioconductor 

(http://www.bioconductor.org).  R software was used for microarray data analysis 

(R Core Team (2016). R: A language and environment for statistical computing. R 

Foundation for Statistical Computing, Vienna, Austria. URL https://www.R-

project.org/). 

Design of microarray experiment

Nthy/BRAFV600E Nthy/WT

Calcitriol (-) B1, B2 W1, W2

Calcitriol (+, 10 ng/ml) BC1, BC2 WC1, WC2
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Results

TCGA analysis

No VDR gene single nucleotide variants were observed in either of the two 

different mutation calling files. Fig. 2 shows the difference in VDR mRNA

expression between normal and PTC tissues. Both paired and unpaired tests 

revealed that VDR expression was higher in cancer tissue than in normal tissue 

(VDR expression in 55 normal tissues = 238.971 ± 14.987; in 55 paired cancer 

tissues = 307.567 ± 26.808; in 501 cancer tissues = 395.276 ± 10.323, mean ± 

standard error of mean (SEM)). 

Correlations of VDR mRNA expression according to clinicopathologic 

variables are shown in Table 1. VDR gene expression was higher with statistical 

significance in classic and tall cell variant PTC (TCVPTC) than in follicular variant 

PTC (FVPTC). VDR expression was also significantly up-regulated in cases with T4 

(tumor stage), N1b (lateral neck node metastasis), high MACIS group and AJCC 

stage IV. Gender, PTC subtype and N stage were only included in multiple linear 

regression model. The results also showed an association between VDR expression 

with BRAF V600E mutation, and recurrence, although the results did not reach 

statistical significance. 

To predict recurrence using VDR gene expression, we divided continuous 
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VDR expression values into binary variables using the tree-based classification and 

ROC curve. Optimal VDR cutoff value obtained was 466.5, with a maximal AUC of 

0.624. Based on the cutoff, patients were divided into a low VDR group and a high 

VDR group. Low VDR group comprised 342 patients and high VDR group 

comprised 157 patients. Table 2 shows the logistic regression results according to 

binary VDR group. Both the univariable and multivariable regression models 

revealed that high VDR group was associated with classic PTC and TCVPTC, 

advanced AJCC stage (stage IV) and recurrence. 

Total 40 patients showed recurrence after surgery. 21 patients had 

locoregional recurrence including central and lateral neck nodes whereas 15 patients 

had distant recurrence such as bone, lung and etc. There's no information for four 

patients. In high VDR group, 11 patients had locoregional and six patients had 

distant recurrence (p-value from Fisher's exact test = 0.002). Fig. 3 illustrates 

recurrence-free survival difference for two VDR groups using the Kaplan-Meier 

estimator. The high VDR group showed worse recurrence-free survival than the low 

VDR group (p-value = 0.018, follow up duration: median 647 days, range 1 ~ 5150 

days). There's no statistical significance in overall survival between two VDR

groups. 

We performed DEG tests for the low and high VDR groups using EdgeR 

package. The differential gene expression pattern is shown in Fig. 4. DEG 

boundaries were defined as follows: average log CPM (counts per million) > 0 and | 
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logFC(fold change) | > 1, and FDR q-value < 0.01 (Indicated as vertical and 

horizontal lines in Fig. 4. A total of 545 genes were highly expressed in high VDR

group whereas 91 genes were highly expressed in low VDR group. Table 3 lists the 

top 20 highly expressed DEGs in high VDR group. 

GO analysis conducted with EdgeR also showed increased immune-related 

biological processes, enrichment of cell membrane components, and upregulation of 

receptor signaling activity in the high VDR group.

Inhibition of anchorage-independent growth of Nthy/BRAFV600E cells by calcitriol

Anchorage-independent growth was examined by soft-agar assay to show 

the effect of calcitriol on BRAF-mutated thyroid cells. As we reported previously, 

Nthy/BRAFV600E showed more colony formation than Nthy/WT (19). While 

Nthy/WT was marginally affected, the colony-forming ability of Nthy/BRAFV600E

induced by BRAFV600E gene was inhibited by calcitriol in a concentration-dependent 

manner. The overall size of colonies as well as the total number were effectively 

decreased (Fig. 5, Fig. 6).

Promotion of migration and Invasion in Nthy/BRAFV600E by calcitriol

Cell migration and invasion assay was carried out to evaluate the ability of 

Nthy/BRAFV600E to move out of the original site and invade adjacent tissues. In Nthy/WT, 
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calcitriol diminished migration as the concentration increases and had little effect on the 

invasion. Nthy/BRAFV600E, however, showed a tendency to increase migration and promoted 

invasion in a dose-dependent manner. This result indicates that calcitriol boosts BRAFV600E-

induced invasiveness and make Nthy/BRAFV600E cells invade more actively. (Fig. 7)

Resistance of Nthy/BRAFV600E to anti-proliferative effect of calcitriol

Anti-proliferative and differentiating effects are the well-known function of calcitriol. To 

assess the anti-proliferative effect, cell proliferation assay was carried out. Although Nthy and 

Nthy/WT showed a decreasing tendency, Nthy/BRAFV600E was not affected by calcitriol 

treatment. It means that the anti-proliferative mechanism of calcitriol in Nthy cells is disturbed 

by calcitriol. (Fig. 8)

Gene expression microarray

In the Nthy/BRAFV600E cells, total 1484 gene probes are up-regulated 

whereas 2016 gene probes are downregulated after calcitriol treatment. In the 

Nthy/WT cells, total 1066 gene probes are up-regulated whereas 1019 gene probes 

are downregulated after calcitriol treatment. Table 4 listed top 20 most up-regulated 

genes after calcitriol treatment in either Nthy/BRAFV600E and Nthy/WT cells. In 

both group of Nthy/BRAFV600E cells, CYP24A1 gene is highly expressed after 



１５

calcitriol treatment. CYP24A1 upregulation is higher in Nthy/BRAFV600E than 

Nthy/WT (log fold change 6.114 in Nthy/BRAFV600E and 2.672 in Nthy/WT). 

TGFB2 gene is also up-regulated after calcitriol treatment in Nthy/WT cells (log 

fold change 2.064). 

Table 5 listed top 20 downregulated genes after calcitriol treatment in both 

Nthy/BRAFV600E and Nthy/WT cells. Table 6 and 7 listed enriched gene ontology 

terms by the up-regulated DEGs in Nthy/BRAFV600E and Nthy/WT cells after 

calcitriol treatment.
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Table 1. Linear regression analysis of VDR mRNA expression according to clinical 

characteristics (total number of patients = 499) 

Variable Number Mean ± SEM
p-value

(single)

p-value

(multiple)

Age <45 228
390.989 ± 

14.257

>=45 271
399.888 ± 

14.838
0.669

Sex M 134
372.818 ± 

17.539

F 365
404.267 ± 

12.590
0.179 0.063

Subtype Classic PTC 355
408.001 ± 

12.670
Reference Reference

FVPTC* 101
348.546 ± 

19.165
0.001 0.016

TCVPTC† 35
494.194 ± 

32.023
0.033 0.109

Others 8
400.611 ± 

98.383
0.927 0.825

Size <=2 cm 200
399.179 ± 

15.865

>2 cm 299
393.576 ± 

13.657
0.791

ETE‡ No 342
371.492 ± 

12.566

Yes 157
448.821 ± 

17.595
<0.001 0.123

Lymphovascular 

invasion
No 392

393.643 ± 

11.827

Yes 107
403.803 ± 

21.394
0.688
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T stage T1 144
377.999 ± 

17.632
Reference

T2 154
382.805 ± 

20.737
0.858

T3 184
411.481 ± 

16.151
0.193

T4 17
495.216 ± 

61.736
0.048

N stage N0 278
363.768 ± 

12.188
Reference Reference

N1a 120
410.893 ± 

23.1858
0.059 0.458

N1b 101
466.142 ± 

24.895
<0.001 0.011

M stage M0 490
396.254 ± 

10.494

M1 9
372.300 ± 

58.740
0.759

MACIS Low 345
386.576 ± 

12.243
Reference

Intermediate 78
383.270 ± 

24.077
0.909

High 76
450.675 ± 

29.909
0.029

Stage I 289
379.548 ± 

12.535
Reference

II 44
367.811 ± 

35.599
0.753

III 98
410.995 ± 

26.292
0.243

IV 68
461.242 ± 

30.243
0.009



１８

BRAF mutation No 258
378.672 ± 

15.039
Reference

V600E 236
415.103 ± 

14.299
0.081

Others 5
370.710 ± 

82.387
0.939

RAS mutation No 446
399.870 ± 

11.187

Yes 53
361.755 ± 

25.071
0.257

Recurrence No 459
390.370 ± 

10.905

Yes 40
458.378 ± 

30.682
0.074

Survival Alive 485
394.442 ± 

10.422

Dead 14
443.627 ± 

78.110
0.433

*Follicular variant PTC, †Tall cell variant PTC, ‡Extrathyroidal extension
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Table 2. Logistic regression analysis using binary VDR mRNA expression (cutoff 

value = 466.5; AUC = 0.624; Low VDR group, n = 342; high VDR group, n = 157)

Variables
Univariate Multivariate

Odds ratio p-value Odds ratio p-value

Age (<45) >=45 1.108 0.597

Gender (M) F 1.057 0.801

Subtype (Classic) FVPTC 0.515 0.016 0.595 0.066

TCVPTC 2.783 0.014 2.229 0.032

Others 0.696 0.660 0.636 0.587

Size (<=2 cm) >2cm 0.923 0.683

ETE (No) Yes 2.172 <0.001 1.713 0.013

Lymphovascular 

invasion (No)
Yes 1.263 0.309

T stage (T1) T2 0.823 0.458

T3 1.507 0.086

T4 2.826 0.046

N stage (N0) N1a 1.431 0.128

N1b 1.962 0.006

M stage (M0) M1 1.091 0.903

MACIS (Low) Intermediate 1.156 0.592

High 1.782 0.027

Stage (I) II 0.649 0.275

III 1.341 0.239

IV 2.244 0.003

BRAF mutation 

(No)
V600E 1.349 0.123

Others 1.689 0.570

RAS mutation (No) Yes 0.538 0.08

Recurrence (No) Yes 2.625 0.004 2.274 0.017

Survival (Alive) Dead 1.217 0.729
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Table 3. Top 20 upregulated genes in the high VDR group

Gene ID Gene symbol logFC logCPM P-Value FDR

7421 VDR 1.281687 4.31178 2.61E-149 4.39E-145

165904 XIRP1 4.09967 0.524434 3.83E-93 3.22E-89

256076 COL6A5 6.088462 0.755045 4.51E-92 2.53E-88

57016 AKR1B10 7.436403 2.482904 1.73E-86 7.27E-83

1646 AKR1C2 4.051648 3.393216 1.47E-78 4.95E-75

2877 GPX2 5.052678 0.296084 4.00E-77 1.12E-73

146802 SLC47A2 3.199452 1.097684 1.38E-59 3.32E-56

8038 ADAM12 2.429463 3.249933 3.35E-56 7.05E-53

8111 GPR68 1.867588 2.199373 4.08E-53 6.24E-50

729238 SFTPA2 4.174942 4.586841 9.36E-53 1.31E-49

10468 FST 2.822671 0.579317 1.06E-51 1.37E-48

1281 COL3A1 2.048148 9.346622 4.38E-50 4.91E-47

6947 TCN1 4.253467 1.293553 9.78E-50 1.03E-46

1278 COL1A2 1.893675 9.490144 2.00E-48 1.87E-45

1293 COL6A3 1.760579 7.458599 3.02E-48 2.67E-45

3909 LAMA3 2.289307 2.67067 1.02E-47 8.32E-45

92747 BPIFB1 4.528506 0.56626 1.04E-47 8.32E-45

10699 CORIN 1.836444 0.284421 1.21E-47 9.22E-45

1462 VCAN 2.081869 5.73965 6.74E-47 4.93E-44

10631 POSTN 2.160328 6.867381 1.07E-46 7.52E-44
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Table 4. Top 20 Most Up-regulated Genes by Calcitriol Treatment

Gene 
symbol

Accession 
No.

Nthy/V600E

Gene 
symbol

Accession 
No.

Nthy/WT

Log 
fold 

change

p-
value

Log 
fold 

change

p-
value

CYP24A1 NM_000782 6.114 <0.001 CYP24A1 NM_000782 2.672 <0.001

TGFB2 NM_001135599 2.064 <0.001 GEM NM_005261 1.044 0.005 

EFTUD1 NM_001040610 1.674 <0.001 DOCK11 NM_144658 0.938 0.001 

NPC1 NM_000271 1.454 <0.001 EFTUD1 NM_001040610 0.934 0.003 

BMP6 NM_001718 1.442 <0.001 CHRDL1 NM_001143981 0.868 0.001 

DPP4 NM_001935 1.341 <0.001 HTRA1 NM_002775 0.868 0.001 

IDH2 NM_001289910 1.141 0.002 DPP4 NM_001935 0.796 0.001 

LRRC61 NM_001142928 1.131 <0.001 NUP62CL NM_017681 0.794 0.002 

GPR183 NM_004951 1.091 0.001 NETO1 NM_138966 0.778 0.002 

ARHGEF28 NM_001080479 1.077 <0.001 CELA2B NM_015849 0.761 0.030 

INHBA NM_002192 1.039 <0.001 INHBA NM_002192 0.758 0.008 

C15orf48 NM_032413 1.007 0.001 LRRC61 NM_001142928 0.730 0.004 

SLC30A1 NM_021194 1.003 <0.001 C15orf61 NM_001143936 0.710 0.003 

HIST1H2BL NM_003519 1.002 0.001 FAM20C NM_020223 0.700 0.003 

KCNK3 NM_002246 0.968 0.001 OSR2 NM_001286841 0.696 0.006 

HTRA1 NM_002775 0.886 0.002 ZBED6CL NM_138434 0.661 0.005 

GEM NM_005261 0.876 0.001 CA9 NM_001216 0.660 0.014 

CALB2 NM_001740 0.867 0.003 FAS NM_000043 0.652 0.004 

CDR1 NM_004065 0.803 0.044 TXNIP NM_006472 0.644 0.032 

SLC4A9 NM_001258426 0.801 0.003 ARIH2OS NM_001123040 0.641 0.004 
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Table 5. Top 20 Most Down-regulated Genes by Calcitriol Treatment

Gene 
symbol

Accession 
No.

Nthy/V600E

Gene 
symbol

Accession 
No.

Nthy/WT

Log 
fold 

change

p-
value

Log 
fold 

change

p-
value

NPIPA3 NM_001277323 -1.358 0.002 TAS2R50 NM_176890 -1.459 0.001 

LTB4R NM_001143919 -1.325 0.002 EDN1 NM_001168319 -1.341 0.001 

AGAP7P NM_001077685 -1.315 0.011 
KRTAP2-

3 
NM_001165252 -1.308 0.009 

AGAP6 NM_001077665 -1.182 0.010 EGR1 NM_001964 -1.262 <0.001

NPIPA5 NM_001277325 -1.181 0.003 CTGF NM_001901 -1.244 <0.001

MSH5 NM_002441 -1.125 0.000 ZNF223 NM_013361 -1.000 <0.001

AHSA2 NM_152392 -1.084 0.004 ADRB2 NM_000024 -0.917 0.003 

ZNF692 NM_001136036 -1.069 0.001 DKK1 NM_012242 -0.868 0.009 

PABPC1L NM_001124756 -1.038 0.002 F3 NM_001178096 -0.812 0.019 

MAT2A NM_005911 -1.037 0.006 NPPB NM_002521 -0.800 0.004 

CCNL2 NM_030937 -1.026 0.002 TAS2R46 NM_176887 -0.777 0.018 

MSH5 NM_002441 -1.020 0.001 SNAI1 NM_005985 -0.754 0.004 

CCDC84 NM_198489 -1.018 0.001 TAS2R13 NM_023920 -0.747 0.022 

CNTNAP1 NM_003632 -1.014 0.001 ANKRD1 NM_014391 -0.717 0.017 

AGAP6 NM_001077665 -1.005 0.011 OR5L2 NM_001004739 -0.710 0.003 

NEIL1 NM_001256552 -0.999 0.000 DUSP1 NM_004417 -0.697 0.009 

CPNE7 NM_014427 -0.989 0.001 ZNF34 NM_001286769 -0.693 0.005 

KRTAP2-3 NM_001165252 -0.987 0.001 NPIPA3 NM_001277323 -0.687 0.004 

LCAT NM_000229 -0.975 0.001 TRIM58 NM_015431 -0.686 0.005 

CDK5RAP3 NM_001278197 -0.960 0.002 CYR61 NM_001554 -0.686 0.013 
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Table 6. Enriched gene ontology terms by the 1484 up-regulated DEGs in 

Nthy/BRAFV600E cells after calcitriol treatment

Term Gene ontology Count % PValue

GO:0006342 chromatin silencing 7 0.020 0.000 

GO:0006334 nucleosome assembly 10 0.028 0.000 

GO:0008219 cell death 5 0.014 0.002 

GO:0060253 negative regulation of glial cell proliferation 3 0.009 0.004 

GO:0051247 positive regulation of protein metabolic process 3 0.009 0.005 

GO:0032200 telomere organization 4 0.011 0.007 

GO:0008347 glial cell migration 3 0.009 0.009 

GO:0006335
DNA replication-dependent nucleosome 
assembly

4 0.011 0.011 

GO:0060395 SMAD protein signal transduction 5 0.014 0.012 

GO:0061029 eyelid development in camera-type eye 3 0.009 0.015 

GO:0000183 chromatin silencing at rDNA 4 0.011 0.016 

GO:0001942 hair follicle development 4 0.011 0.017 

GO:0051290 protein heterotetramerization 4 0.011 0.022 

GO:0071363 cellular response to growth factor stimulus 4 0.011 0.027 

GO:0045653
negative regulation of megakaryocyte 
differentiation

3 0.009 0.027 

GO:0003151 outflow tract morphogenesis 4 0.011 0.028 

GO:2000342
negative regulation of chemokine (C-X-C 
motif) ligand 2 production

2 0.006 0.029 

GO:0071294 cellular response to zinc ion 3 0.009 0.030 

GO:0010862
positive regulation of pathway-restricted 
SMAD protein phosphorylation

4 0.011 0.032 

GO:0045814
negative regulation of gene expression, 
epigenetic

4 0.011 0.035 

GO:0006955 immune response 12 0.034 0.042 

GO:0016233 telomere capping 3 0.009 0.043 

GO:0045944
positive regulation of transcription from RNA 
polymerase II promoter

22 0.063 0.045 
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Table 7. Enriched gene ontology terms by the 1066 up-regulated genes in Nthy/WT 

cells after calcitriol treatment

Term Gene ontology Count % PValue

GO:0007186 G-protein coupled receptor signaling pathway 43 0.082 0.000 

GO:0072593 reactive oxygen species metabolic process 7 0.013 0.000 

GO:0001580
detection of chemical stimulus involved in sensory 
perception of bitter taste

7 0.013 0.000 

GO:0050911
detection of chemical stimulus involved in sensory 
perception of smell

22 0.042 0.001 

GO:0007608 sensory perception of smell 12 0.023 0.002 

GO:0050909 sensory perception of taste 5 0.010 0.005 

GO:0042493 response to drug 16 0.031 0.007 

GO:0050907
detection of chemical stimulus involved in sensory 
perception

8 0.015 0.008 

GO:0045597 positive regulation of cell differentiation 5 0.010 0.011 

GO:0014911 positive regulation of smooth muscle cell migration 4 0.008 0.011 

GO:0048468 cell development 5 0.010 0.015 

GO:0051918 negative regulation of fibrinolysis 3 0.006 0.022 

GO:0001662 behavioral fear response 4 0.008 0.031 

GO:2000279 negative regulation of DNA biosynthetic process 3 0.006 0.032 

GO:0001706 endoderm formation 3 0.006 0.032 

GO:0060394
negative regulation of pathway-restricted SMAD 
protein phosphorylation

3 0.006 0.032 

GO:0030195 negative regulation of blood coagulation 3 0.006 0.032 

GO:0007596 blood coagulation 10 0.019 0.032 

GO:0042542 response to hydrogen peroxide 5 0.010 0.033 

GO:0033574 response to testosterone 4 0.008 0.034 

GO:0034097 response to cytokine 5 0.010 0.035 

GO:0043200 response to amino acid 4 0.008 0.037 

GO:0061029 eyelid development in camera-type eye 3 0.006 0.037 

GO:0035810 positive regulation of urine volume 3 0.006 0.037 

GO:0060548 negative regulation of cell death 5 0.010 0.042 
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GO:0007267 cell-cell signaling 12 0.023 0.042 

GO:2001241
positive regulation of extrinsic apoptotic signaling 
pathway in absence of ligand

3 0.006 0.043 

GO:0032496 response to lipopolysaccharide 9 0.017 0.043 

GO:0072224 metanephric glomerulus development 2 0.004 0.047 



２６

Fig. 1. Cellular morphology and BRAF sequences in Nthy/Vector, Nthy/WT, and 

Nthy/BRAFV600E cells. A: Cells were photographed under light microscopy (40×). B: 

BRAF exon sequences in Nthy/Vector, Nthy/WT, and Nthy/BRAFV600E cells. 

c1799T>A (pV600E) was observed in the result of Sanger sequencing.
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Fig. 2. VDR mRNA expression counts in normal and papillary thyroid carcinoma 

tissue. (A) Fifty-nine paired normal and cancer tissues. (B) All 59 normal versus all 

501 cancer tissues. Both graphs are showing higher VDR mRNA expression in 

cancer groups.
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Fig. 3. Recurrence-free survival in the low and high VDR expression groups. Higher 

VDR mRNA expression was correlated with lower recurrence free survival. 

(p=0.018)
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Fig. 4. MA plot of genes differentially expressed in the low and high VDR 

expression groups. 545 DEGs in high VDR expression group and 91 in low VDR

group. DEG cutoff consisted of average logCPM(Count per million) > 0, | 

logFC(Fold change) | > 1 and FDR q-value < 0.01. 
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Fig. 5. Anchorage-independent growth in soft-agar assay. In both cells, the cell 

growth was inhibited according to the calcitriol levels. However, Nthy/BRAFV600E

cells growth were less inhibited in the high concentration of calcitriol.
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Fig. 6. Overall size of colonies in soft agar assay. The size of colonies represents the 

anchorage-independent growth of the cells. Nthy/BRAFV600E cells were grew more 

than Nthy/WT cells without conglomeration in the soft agar.
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Fig. 7. Cell migration and invasion assay. The Nthy/WT cells showed less migration and 

invasion according to the concentration of calcitriol. In contrast, the Nthy/BRAFV600E cells 

migrate and invade more according to the concentration of calcitriol.
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Fig. 8. Cell proliferation assay. All the cells, including Nthy-ori (human follicular 

thyroid cell), Nthy/WT cells and Nthy/BRAFV600E cells showed similar proliferation 

at the different concentration of calcitriol. The Nthy-ori cells and Nthy/WT cells 

showed growth inhibition according to the calcitriol level, while Nthy/BRAFV600E

cells showed un-accordance of the growth, however the results didn’t showed 

statistical significance.
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Discussion

Although most thyroid carcinomas have a good prognosis, some types of 

cancer have intractable features and a significantly unfavorable prognosis. Current 

prognosis and treatment guidelines are based on clinic-pathologic data only. 

Recently, additional information using immunohistochemistry (IHC) and molecular 

methods was introduced to improve the diagnosis and to predict disease prognosis

precisely. Molecular markers such as BRAF, RAS, RET/PTC rearrangement, 

RAX8/PPARγ, and galectin-3 may be a role for these purposes according to the 

American Thyroid Association guidelines (20).

The hallmark of thyroid carcinoma, besides aggressive behavior, is a loss 

of uptake and trapping of radioactive iodine (RAI), which means resistance to the 

systemic therapy for thyroid cancer. The standard chemotherapy regimens approved 

for thyroid cancer have poor efficacy and moreover the high toxicity compared to 

their benefit. Therefore, the discovery of alternative therapeutic targets for advanced 

thyroid cancer becomes an issue (21).

Vitamin D receptor (VDR) is a member of the nuclear hormone receptor

superfamily. It binds to DNA with vitamin D3 response elements upon ligand 

binding to alter transcription of vitamin D3 responsive genes (22). Vitamin D3 

appears to exert anticancer activity by decreasing proliferation, promoting re-

differentiation, inhibiting angiogenesis, and apoptosis (23-26).



３５

Clinical interest in the association of vitamin D3 levels with cancer, and in 

the potential of VDR protein as a therapeutic target, has increased in recent years. 

As a result, a correlation between vitamin D3 and cancer prevention has been shown 

in breast, prostate, and colorectal cancer (27). It rises to a consensus conference by 

the World Health Organization (WHO) evaluating the evidence associated with 

vitamin D3 and malignant diseases (28). Some observational, preclinical and clinical 

studies strongly suggest that vitamin D3 deficiency increases the risk of 

malignancies, while other studies do not support this hypothesis (29). However, 

several studies suggest that adequate vitamin D3 levels may provide protection of

chronic diseases including cancer and thus, may improve cancer prognosis (30-32). 

Expression of the VDR gene and 25-hydroxyvitamin D3 1-α-hydroxylase, the rate-

limiting enzyme in the production of active vitamin D3, has been found in several 

tissues and tumor types (33). 

Originally, 1,25-dihydroxyvitamin D3 (1,25(OH)2D3), the active compound 

of vitamin D3, was found to play a crucial role in bone and mineral homeostasis. 

Although vitamin D3 can be derived of nutritional origin (fatty fish, fortified dairy 

products), the majority of vitamin D3 is synthesized in the skin under UV light. 

Previtamin D3 is formed under UV light from a precursor of cholesterol (7-

dehydrocholesterol), followed by thermal isomerization to vitamin D3. Subsequently, 

two hydroxylation steps are required to become the active compound 1,25(OH)2D3. 

First, a conversion of 25-hydroxylation of vitamin D3 into 25-hydroxyvitaminD3
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(25-OHD3) by several P450 enzymes takes place predominantly in the liver. A 

second rate-limiting hydroxylation step in the kidney mediated by the enzyme 

CYP27B1 (1α-hydroxylase) converts 25-OHD3 into 1,25(OH)2D3.

The genomic actions of 1,25(OH)2D3 are initiated through binding to the 

vitamin D receptor (VDR), a member of the nuclear hormone receptors. Ligand 

binding induces conformational changes in the VDR, leading to heterodimerization 

with the RXR.

Physiologically, lower serum calcium level induces PTH hormone and 

causes CYP27B1 (1α-hydroxylase) release. The 1,25(OH)2D3 synthesis is increased 

and serum calcium is increased as a consequence. Increased serum calcium makes 

PTH decrease in the parathyroid gland and CYP24A1 increase in the target cells. 

Then, degradation of 1,25(OH)2D3 to 25(OH)D3 is occurred by CYP24A1 

consequently. The action of CYP24A1 is degradation of 1,25(OH)2D3 and VDR 

mRNA expression is increased in the nucleus. 

Antitumor effects of vitamin D3 are achieved directly (through VDR 

binding) or indirectly (interaction with other important transcriptional regulators or 

cell signaling systems). The cell cycle regulation is established by the formation of 

specific complexes between cyclins and cyclin-dependent kinases (CDK). 

1,25(OH)2D3 induces an arrest in the transition from the G1 ~ S phase of the cell 
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cycle.

Besides these anti-proliferative effects, 1,25(OH)2D3 also affects key 

mediators in apoptosis, such as inhibiting pro-survival proteins (BCL-2 and BCL-

XL), or inducing the pro-apoptotic protein expression (BAX, BAK, BAD) in 

colorectal, breast, prostate cancer (34). Angiogenesis is reduced in vivo by 

1,25(OH)2D3 (35). Tumor growth and vascular endothelial growth factor (VEGF)-

induced endothelial tube formation in VEGF overexpressing MCF-7 (i.e. breast 

cancer cells) xenograft mice are inhibited (36).

Combination of chemoagents with different mechanisms can lead to a 

better efficacy in cancer treatment or use of drugs at a lower concentration. In vitro 

and in vivo studies have demonstrated the synergistic effects when combined 

1,25(OH)2D3 with other chemotherapeutic agents, such as microtubule-disturbing 

agents (paclitaxel, docetaxel), DNA-damaging agents (cisplatin, carboplatin, 

doxorubicin), antimetabolites (5-fluorouracil, cytarabine and gemcitabine). Optimal 

potentiation was seen when 1,25(OH)2D3 was administered before or 

simultaneously with chemotherapy.

1,25(OH)2D3 has the potential antitumor and apoptosis-promoting activity 

of paclitaxel through a decrease of p21 expression in prostate cancer cells which 

renders the tumor cells more sensitive to microtubule-damaging agents (37). 

1,25(OH)2D3 has also been reported to increase BCL-2 phosphorylation and thereby 
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inactivating its anti-apoptotic function and to enhance the pro-apoptotic BAX 

expression in breast and prostate cancer cells (37).

Progression of differentiated colon cancer into poorly differentiated colon 

cancer is accompanied by reduced VDR and CYP27B1 (38). Local increased 

production of 1,25(OH)2D3 however may be counteracted by increased CYP24A1 

expression, as seen in breast and colon cancer (39). Taken together, evidences are 

increasing that suggest a potential role for altered local vitamin D3 signaling in the 

pathogenesis and progression of cancer. 

The VDR protein is usually expressed in normal thyroid tissue (39). 

Increased expression of VDR and CYP27B1 protein in human papillary thyroid 

cancer tissues compared to normal thyroid tissue was demonstrated (40). Recent, 

these findings were reproduced and extended to other thyroid tumor subtypes 

comparing the expression profile of VDR, CYP24A1 and CYP27B1 in normal 

thyroid tissue, follicular adenoma, and subtypes of differentiated thyroid cancer 

(papillary thyroid cancer and follicular thyroid cancer) (41). 

In the literature, high VDR protein expression was present in 21% of 

follicular adenoma and even in 66% of differentiated thyroid cancer, but expression 

was very low in normal thyroid tissues. High CYP24A1 protein expression was 

observed in 18% of differentiated thyroid cancer and in 33% of follicular adenoma 

cases. Thus, comparing differentiated thyroid cancer to follicular adenoma, 
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significantly higher VDR and lower CYP24A1 expression was observed, while 

CYP27B1 expression was quite similar. The high VDR/low CYP24A1 profile in 

differentiated thyroid cancer might suggest a stronger antitumor effect, increasing 

local availability and reactivity of 1,25(OH)2D3. Furthermore, CYP24A1 and

CYP27B1 protein expression were correlated positively in the differentiated cancer 

group.

In this study, elevated VDR mRNA level was associated with poor 

prognosis of the papillary thyroid cancer according to the TCGA analysis. This is 

probably because (i) the different response of the different cells of organs to the 

level of calcitriol, (ii) BRAFV600E cell can escape from the cytotoxic effect of 

calcitriol with high capability of CYP24A1 induction and CYP24A1 induced VDR 

mRNA expression for the consequence, and (3) the possibility of the disconcordance 

between VDR mRNA expression and VDR protein expression.

According to the gene expression microarray analysis, the Nthy/BRAFV600E

cells were survived and invaded more in high calcitriol concentration compared to 

Nthy/WT cells. The Nthy/BRAFV600E cells induced more CYP24A1 according to the 

calcitriol concentration and positively correlated with the calcitriol concentration. 

Possible application of this study can be listed; (i) elevated VDR mRNA

expression can be a poor prognostic marker, (ii) CYP24A1 can be a target molecule 
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to maximize the cytotoxic effect of calcitriol in the patients with BRAFV600E

mutation papillary thyroid carcinoma.

In conclusion, higher VDR mRNA expression was associated with poor 

prognostic factors of the papillary thyroid carcinoma. The Nthy/BRAFV600E cells 

was proliferated and invaded more in high concentration of calcitriol than Nthy/WT 

cells. In gene expression microarray analysis, Nthy/BRAFV600E cells induced more 

CYP24A1 to degrade calcitriol into inactivated 25(OH)D3 than Nthy/WT cells. The 

VDR mRNA expression can be a good prognostic marker and CYP24A1 may serve 

as a target molecule to treat aggressive form of the papillary thyroid carcinoma with 

BRAFV600E mutation.



４１

Reference

1. Izkhakov E, Somjen D, Sharon O, Knoll E, Aizic A, Fliss DM, et al. Vitamin D 

receptor expression is linked to potential markers of human thyroid papillary carcinoma. The 

Journal of steroid biochemistry and molecular biology. 2016;159:26-30.

2. Giovannucci E. Vitamin D and cancer incidence in the Harvard cohorts. Annals of 

epidemiology. 2009;19(2):84-8.

3. Buras RR, Schumaker LM, Davoodi F, Brenner RV, Shabahang M, Nauta RJ, et al. 

Vitamin D receptors in breast cancer cells. Breast cancer research and treatment. 1994;31(2-

3):191-202.

4. Deeb KK, Trump DL, Johnson CS. Vitamin D signaling pathways in cancer: 

potential for anticancer therapeutics. Nature reviews Cancer. 2007;7(9):684-700.

5. Kostner K, Denzer N, Muller CS, Klein R, Tilgen W, Reichrath J. The relevance 

of vitamin D receptor (VDR) gene polymorphisms for cancer: a review of the literature. 

Anticancer research. 2009;29(9):3511-36.

6. Krishnan AV, Trump DL, Johnson CS, Feldman D. The role of vitamin D in cancer 

prevention and treatment. Rheumatic diseases clinics of North America. 2012;38(1):161-78.

7. Zinser GM, Suckow M, Welsh J. Vitamin D receptor (VDR) ablation alters 

carcinogen-induced tumorigenesis in mammary gland, epidermis and lymphoid tissues. The 

Journal of steroid biochemistry and molecular biology. 2005;97(1-2):153-64.

8. Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA, Van Leeuwen JP. Genetics and 

biology of vitamin D receptor polymorphisms. Gene. 2004;338(2):143-56.

9. Nucera C, Goldfarb M, Hodin R, Parangi S. Role of B-Raf(V600E) in 



４２

differentiated thyroid cancer and preclinical validation of compounds against B-Raf(V600E). 

Biochim Biophys Acta. 2009;1795(2):152-61.

10. Lin L, Asthana S, Chan E, Bandyopadhyay S, Martins MM, Olivas V, et al. 

Mapping the molecular determinants of BRAF oncogene dependence in human lung cancer. 

Proc Natl Acad Sci U S A. 2014;111(7):E748-57.

11. Carta C, Moretti S, Passeri L, Barbi F, Avenia N, Cavaliere A, et al. Genotyping of 

an Italian papillary thyroid carcinoma cohort revealed high prevalence of BRAF mutations, 

absence of RAS mutations and allowed the detection of a new mutation of BRAF 

oncoprotein (BRAF(V599lns)). Clin Endocrinol (Oxf). 2006;64(1):105-9.

12. Kim TY, Kim WB, Song JY, Rhee YS, Gong G, Cho YM, et al. The BRAF 

mutation is not associated with poor prognostic factors in Korean patients with conventional 

papillary thyroid microcarcinoma. Clin Endocrinol (Oxf). 2005;63(5):588-93.

13. Lemoine NR, Mayall ES, Jones T, Sheer D, McDermid S, Kendall-Taylor P, et al. 

Characterisation of human thyroid epithelial cells immortalised in vitro by simian virus 40 

DNA transfection. Br J Cancer. 1989;60(6):897-903.

14. Cancer Genome Atlas Research N. Integrated genomic characterization of 

papillary thyroid carcinoma. Cell. 2014;159(3):676-90.

15. Robinson MD, McCarthy DJ, Smyth GK. edgeR: a Bioconductor package for 

differential expression analysis of digital gene expression data. Bioinformatics. 

2010;26(1):139-40.

16. Huang da W, Sherman BT, Lempicki RA. Systematic and integrative analysis of 

large gene lists using DAVID bioinformatics resources. Nature protocols. 2009;4(1):44-57.

17. Huang da W, Sherman BT, Lempicki RA. Bioinformatics enrichment tools: paths 

toward the comprehensive functional analysis of large gene lists. Nucleic acids research. 



４３

2009;37(1):1-13.

18. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA, et 

al. Gene set enrichment analysis: a knowledge-based approach for interpreting genome-wide 

expression profiles. Proceedings of the National Academy of Sciences of the United States 

of America. 2005;102(43):15545-50.

19. Kim BA, Jee HG, Yi JW, Kim SJ, Chai YJ, Choi JY, et al. Expression Profiling of 

a Human Thyroid Cell Line Stably Expressing the BRAFV600E Mutation. Cancer 

Genomics Proteomics. 2017;14(1):53-67.

20. Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, et 

al. 2015 American Thyroid Association Management Guidelines for Adult Patients with 

Thyroid Nodules and Differentiated Thyroid Cancer: The American Thyroid Association 

Guidelines Task Force on Thyroid Nodules and Differentiated Thyroid Cancer. Thyroid : 

official journal of the American Thyroid Association. 2016;26(1):1-133.

21. Sherman SI. Advances in chemotherapy of differentiated epithelial and medullary 

thyroid cancers. The Journal of clinical endocrinology and metabolism. 2009;94(5):1493-9.

22. MacDonald PN, Baudino TA, Tokumaru H, Dowd DR, Zhang C. Vitamin D 

receptor and nuclear receptor coactivators: crucial interactions in vitamin D-mediated 

transcription. Steroids. 2001;66(3-5):171-6.

23. Ali MM, Vaidya V. Vitamin D and cancer. Journal of cancer research and 

therapeutics. 2007;3(4):225-30.

24. Ma Y, Yu WD, Hershberger PA, Flynn G, Kong RX, Trump DL, et al. 1alpha,25-

Dihydroxyvitamin D3 potentiates cisplatin antitumor activity by p73 induction in a 

squamous cell carcinoma model. Molecular cancer therapeutics. 2008;7(9):3047-55.

25. Wu FS, Zheng SS, Wu LJ, Teng LS, Ma ZM, Zhao WH, et al. Calcitriol inhibits 



４４

the growth of MHCC97 heptocellular cell lines by down-modulating c-met and ERK 

expressions. Liver international : official journal of the International Association for the 

Study of the Liver. 2007;27(5):700-7.

26. Zhang X, Jiang F, Li P, Li C, Ma Q, Nicosia SV, et al. Growth suppression of 

ovarian cancer xenografts in nude mice by vitamin D analogue EB1089. Clinical cancer 

research : an official journal of the American Association for Cancer Research. 

2005;11(1):323-8.

27. Song M, Wu K, Chan AT, Fuchs CS, Giovannucci EL. Plasma 25-hydroxyvitamin 

D and risk of colorectal cancer after adjusting for inflammatory markers. Cancer 

epidemiology, biomarkers & prevention : a publication of the American Association for 

Cancer Research, cosponsored by the American Society of Preventive Oncology. 

2014;23(10):2175-80.

28. Sharma V, Fretwell D, Crees Z, Kerege A, Klopper JP. Thyroid cancer resistance 

to vitamin D receptor activation is associated with 24-hydroxylase levels but not the ff FokI 

polymorphism. Thyroid. 2010;20(10):1103-11.

29. Feldman D, Krishnan AV, Swami S, Giovannucci E, Feldman BJ. The role of 

vitamin D in reducing cancer risk and progression. Nature reviews Cancer. 2014;14(5):342-

57.

30. Colston KW, Berger U, Coombes RC. Possible role for vitamin D in controlling 

breast cancer cell proliferation. Lancet. 1989;1(8631):188-91.

31. Haussler MR, Whitfield GK, Haussler CA, Hsieh JC, Thompson PD, Selznick SH, 

et al. The nuclear vitamin D receptor: biological and molecular regulatory properties 

revealed. Journal of bone and mineral research : the official journal of the American Society 

for Bone and Mineral Research. 1998;13(3):325-49.



４５

32. Mawer EB, Walls J, Howell A, Davies M, Ratcliffe WA, Bundred NJ. Serum 1,25-

dihydroxyvitamin D may be related inversely to disease activity in breast cancer patients 

with bone metastases. The Journal of clinical endocrinology and metabolism. 

1997;82(1):118-22.

33. Zehnder D, Bland R, Williams MC, McNinch RW, Howie AJ, Stewart PM, et al. 

Extrarenal expression of 25-hydroxyvitamin d(3)-1 alpha-hydroxylase. The Journal of 

clinical endocrinology and metabolism. 2001;86(2):888-94.

34. Welsh J, VanWeelden K, Flanagan L, Byrne I, Nolan E, Narvaez CJ. The role of 

vitamin D3 and antiestrogens in modulating apoptosis of breast cancer cells and tumors. 

Subcell Biochem. 1998;30:245-70.

35. Iseki K, Tatsuta M, Uehara H, Iishi H, Yano H, Sakai N, et al. Inhibition of 

angiogenesis as a mechanism for inhibition by 1alpha-hydroxyvitamin D3 and 1,25-

dihydroxyvitamin D3 of colon carcinogenesis induced by azoxymethane in Wistar rats. Int J 

Cancer. 1999;81(5):730-3.

36. Mantell DJ, Owens PE, Bundred NJ, Mawer EB, Canfield AE. 1 alpha,25-

dihydroxyvitamin D(3) inhibits angiogenesis in vitro and in vivo. Circ Res. 2000;87(3):214-

20.

37. Wang Q, Yang W, Uytingco MS, Christakos S, Wieder R. 1,25-Dihydroxyvitamin 

D3 and all-trans-retinoic acid sensitize breast cancer cells to chemotherapy-induced cell 

death. Cancer Res. 2000;60(7):2040-8.

38. Bises G, Kallay E, Weiland T, Wrba F, Wenzl E, Bonner E, et al. 25-

hydroxyvitamin D3-1alpha-hydroxylase expression in normal and malignant human colon. J 

Histochem Cytochem. 2004;52(7):985-9.

39. Clinckspoor I, Gerard AC, Van Sande J, Many MC, Verlinden L, Bouillon R, et al. 



４６

The vitamin d receptor in thyroid development and function. Eur Thyroid J. 2012;1(3):168-

75.

40. Khadzkou K, Buchwald P, Westin G, Dralle H, Akerstrom G, Hellman P. 25-

hydroxyvitamin D3 1alpha-hydroxylase and vitamin D receptor expression in papillary 

thyroid carcinoma. J Histochem Cytochem. 2006;54(3):355-61.

41. Clinckspoor I, Hauben E, Verlinden L, Van den Bruel A, Vanwalleghem L, Vander 

Poorten V, et al. Altered expression of key players in vitamin D metabolism and signaling in 

malignant and benign thyroid tumors. J Histochem Cytochem. 2012;60(7):502-11.



４７

국문 초록

서론: 비타민 D3 의 종양 성장 억제 능력은 여러 가지 종양에서 관찰되나

갑상선암에서의 역할은 명확하지 않다. 이 연구에서는 TCGA (The Cancer 

Genome Atlas) 데이터를 이용하여 비타민 D3 수용체 (VDR)의 mRNA

발현량 증가가 갑상선 유두암의 나쁜 예후와 상관관계가 있으며 BRAF
V600E

세포주를 이용하여 비타민 D3 가 갑상선 유두암 세포의 성장에 어떠한

영향이 있는지를 알아보았다.

방법: TCGA 데이터 중 RNA 와 체성돌연변이 데이터를 환자의 임상상과

비교하여 VDR mRNA 발현량과 환자의 예후인자의 상관관계를 분석하고

Nthy/BRAFV600E 세포주와 Nthy/WT 세포주를 이용하여 0, 10, 100ng/mL

농도의 활성 비타민 D3(칼시트리올)에서 성장, 분화 및 침범 양상을

비교하였다. cDNA 유전자미세배열 분석을 통해 칼시트리올 농도에 따른

유전자 변화를 분석하였다.
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결과: VDR mRNA 발현량 증가는 좋지 않은 세포형태, 갑상선 주변 침범,

측경부림프절 전이, 재발율 등 나쁜 예후인자와 관련이 있었다. Nthy/WT 

세포주는 칼시트리올 농도가 증가함에 따라 성장이 억제되지만

Nthy/BRAF
V600E

세포주는 성장 억제의 정도가 낮았다. 세포의 이동 및

침범양상을 비교하였을 때 Nthy/BRAF
V600E

세포주는 Nthy/WT 

세포주보다 억제되지 않는 양상을 보였다. Nthy/BRAFV600E 세포주의

유전자미세배열 분석에서 칼시트리올 처리 후 CYP24A1 의 상향조절이

관찰되었다.

결론: VDR mRNA 발현량 증가는 갑상선 유두암의 나쁜 예후인자와

연관성이 있었고, 칼시트리올의 농도가 증가할 때 Nthy/BRAFV600E 

세포주는 성장 저하가 상대적으로 낮으며 이는 세포내 CYP24A1 의

상향조절에 의한 것으로 보인다. 향후 VDR mRNA 발현량은 갑상선

유두암의 예후인자로써, CYP24A1 은 갑상선 유두암 성장을 조절하는

목표물로 이용될 가능성이 있다.
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