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ABSTRACT

Purpose: In addition to its role in serum calcium homeostasis, the anti-tumor function of 1,25-dihydroxyvitamin D
3
 (calcitriol) in cancer 

development is well established. N-myc Downstream Regulated Gene 2 which functions as a tumor suppressor gene has recently been 
shown to be downregulated in various cancer leading to increased tumor incidence, progression and metastasis. The goal of this study was to 
investigate the possible effects of calcitriol treatment on NDRG2 expression in BCPAP papillary thyroid carcinoma cells.

Methods: The experiments were carried on human primary thyroid follicular epithelial cells (Nthy-ori-3-1), and human papillary thyroid 
carcinoma cells (BCPAP). The half maximal inhibitory concentration (IC

50
) of calcitriol on BCPAP cells was determined by WST-1 assay. BCPAP 

cells were treated with 15 and 30µM calcitriol for 24, 48, and 72 hours, respectively. Basal NDGR2 expression in Nthy-ori-3–1 and BCPAP cells 
as well as the alterations on NDRG2 expression in calcitriol treated BCPAP cells were evaluated with western blot.

Results: A significant downregulation of NDRG2 was observed in BCPAP cells when compared to Nthy-ori-3–1 cells (p<0.01). IC
50

 dose of 
calcitriol was found to be 64, 54 and 43µM for 24, 48 and 72 hours, respectively. NDRG2 protein expression levels were significantly increased 
in 30µM calcitriol treated BCPAP cells after 48 hours (p<0.05).

Conclusions: Calcitriol induced NDRG2 protein expression in BCPAP cells. We predict that calcitriol increased NDRG2 protein levels in BCPAP 
cells via c-Myc repression, which is upregulated by aberrant Wnt/β-catenin signaling. Further investigation is required to enlighten the possible 
effect mechanisms of calcitriol in BCPAP cells.

Keywords: 1,25-Dihydroxyvitamin D
3
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Thyroid cancer is one of the most common endocrine neoplasia 
and the incidence is increasing worldwide. Most of the thyroid 
tumors arise from thyroid follicular epithelial cells which can 
be divided into four subclasses; 1) papillary thyroid cancer 2) 
follicular thyroid cancer, 3) Hurtle cell cancer and 4) anaplastic 
thyroid cancer. Medullary thyroid cancer, which is originated from 
non-follicular thyroid cells, accounts for 4% of thyroid cancer 
cases (1).

Papillary thyroid cancer (PTC), which accounts for 85–90% of all 
thyroid cancer cases, is the most common histological type of 
thyroid cancer. Due to its low progression rate and the positive 
role of radioactive iodine ablation, patients have a good prognosis 
with a high 10 year of survival rate (2).

Vitamin D is a fat-soluble vitamin and its major role is to increase the 
intestinal absorption of calcium and maintain proper serum calcium 
and phosphate concentrations which are essential for normal 
mineralization of bone (3). Calcitriol (1α, 25-Dihydroxyvitamin D3

) 
is the most active form of vitamin D and synthesis of endogenous 
calcitriol is a multistep process induced by ultraviolet rays from 
the sun in the skin. Molecular activity of calcitriol is dependent on 
binding to its receptor, Vitamin D Receptor (VDR), which is also 
a transcription factor present in both cytoplasm and nucleus (4). 
Binding of calcitriol to VDR induces the formation of calcitriol-VDR/
Retinoid X Receptor (RXR) which is essential for translocation of 
calcitriol-RXR-VDR complex to nucleus. In nucleus, calcitriol-RXR-
VDR complex interacts with vitamin D response elements (VDRE) 
and regulates several gene expression (5). The anti-cancer role of 
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calcitriol lies beneath the regulation of several genes which are 
involved in cell growth/proliferation (6), apoptosis (7), angiogenesis 
(8), inflammation (9) and differentiation (10).

N-myc Downstream Regulated Gene-2 (NDRG2), NDRG family 
(NDRG1–4) member (11), is located at chromosome 14q11.2 
encoding a 41 kDa protein and its expression is down-regulated 
by c-Myc (12). In vivo and in vitro studies have indicated decreased 
expression of NDRG2 is in various cancers including colon (13), 
breast (14) and hepatocellular carcinoma (15). In gastric cancer, 
loss of NDRG2 expression is described as a hallmark of poor 
prognosis (16). These data support the notion that NDRG2 is a 
differentiation related gene downregulated in cancer. In this 
study, we investigated the effects of calcitriol on NDRG2 protein 
levels in BCPAP cells.

METHODS

Cell Culture
In this study, Nthy-ori-3-1, immortalised normal human primary 
thyroid follicular epithelial cells (EACC, 90011609) and BCPAP 
cells obtained from the tumor tissue of a 76-year-old woman with 
metastasizing papillary thyroid carcinoma in 1992 (ACC, 273) were 
used. Both cells were maintained in RPMI-1640 supplemented 
with 10% FBS (LONZA, Switzerland), 100 U/mL Penicillin/
Streptomycin (LONZA, Switzerland) and 1% L-Glutamine (LONZA, 
Switzerland) in a 5% CO

2 
environment at 37°C.

Cell Viability Assay
The half maximal inhibitory concentration (IC50) of calcitriol 
for BCPAP cells was evaluated with WST-1 test (Roche Applied 
Science, Germany). Calcitriol (Cayman Chemicals, Michigan) was 
prepared as stocks in ethanol (LONZA, Switzerland) and then 
diluted in culture medium to 1µM to 100µM.

BCPAP cells were seeded on 96 well plate at a density of 5.0 x 
103 cells per well and incubated with 100 µl of medium with or 
without calcitriol (solvent control) in a 5% CO

2 
environment at 

37°C for 24, 48 and 72 hours. Due to low half-life of calcitriol 
(17), medium with calcitriol was renewed daily. WST-1 (10 µl) was 
added to each well and incubated at 37°C in a 5% CO

2
 incubator 

for 2h. The absorbance was measured with microplate reader 
(BioTek, Vermont) at 450/655 nm. The data was expressed as a 
percentage of control.

Calcitriol Treatment
BCPAP cells were seeded on 25 cm2 flasks at a density of 1.0 x 
106. The cells were treated for 24, 48 and 72 hours with 2 ml of 
medium containing calcitriol (15 and 30µM) or ethanol (v/v) and 
the media were renewed daily.

Western blot analysis and antibodies
The cells were collected and lysed in RIPA lysis buffer (150 mM 
NaCl, 0.1% SDS, 1% NP-40, 20 mM Tris-HCl pH 7.5). The aliquots 
of the lysate were separated by 10% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) then transferred to PVDF membranes 
(Millipore, Billerica, MA). After blocking the PVDF membranes 
with 5% (w/v) nonfat dry milk in Tris-buffered saline Tween-20 

(TBST), membranes were incubated with rabbit anti-human 
NDRG2 (1:1000, Cell Signaling) and rabbit anti-human α-actinin 
(1:3000, Cell Signaling) primary antibodies at 4℃ overnight. The 
membranes were washed and incubated with anti-rabbit HRP-
conjugated secondary antibodies for 1h at room temperature. 
Bands were detected by chemiluminescence assay visualized with 
Vilber Lourmat Chemi-Smart 5100 imaging system.

Statistical analysis
GraphPad Prism 8.2.1 (San Diego, CA, USA) software (LEAD 
Technologies Inc.) was used for statistical analysis and the paired 
t-test was applied. All experiments were performed in triplicate 
and all data were represented as mean ± standard error (SEM). 
Results were considered statistically significant when p<0.05.

RESULTS

Expression levels of NDRG2 in Nthy-ori-3–1 and BCPAP Cells
We compared NDRG2 protein expression by Western Blotting in 
Nthy-ori-3–1 and BCPAP cells. We observed significantly higher 
NDRG2 protein expression levels (3.3 fold) in Nthy-ori-3-1 cells 
compared to BCPAP cells (p<0.01) (Figure 1).

Figure 1. (a) Expression of basal NDRG2 expression in cell lines.  
(b) NDRG2 protein expression was significantly higher in Nthy-ori-3–1 
cells compared to BCPAP cells (n=3). α-actinin served as a control to 
ensure equal loading. ** p<0.01.

a

b
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Cell Viability
BCPAP cells were treated with calcitriol (1 µM to 100 µM) for 24, 
48 and 72 hours. WST-1 test results showed that 64, 54 and 43µM 
of calcitriol treatment resulted in 50% reduction in cell viability at 
24, 48 and 72 hours, respectively (Figure 2a). On the other hand, 
ethanol (solvent control) did not effect on cell viability (Figure 
2b). 15 and 30µM of calcitriol were decided to be used for further 
experiments.

Alterations in NDRG2 Expression
BCPAP cells were treated with 15 and 30µM calcitriol for 24, 48 
and 72 hours as described, previously. A significant increase in 
NDRG2 protein level was observed in BCPAP cells treated with 
30µM calcitriol for 48 hours when compared to control and 
solvent control group (Figure 3). NDRG2 protein expression was 
also increased in BCPAP cells treated with 30µM calcitriol for 72 
hours, however it was not significant.

Figure 2. WST-1, cell viability assay was performed to detect IC
50

 values of calcitriol in BCPAP cells. (a) BCPAP cells were treated with 1µM to 100µM 
calcitriol for 24, 48 and 72 hours, respectively. IC

50
 dose of calcitriol was found to be 64, 54 and 43µM for 24, 48 and 72 hours, respectively. (b) BCPAP 

cells were treated ethanol (solvent control) for 24, 48 and 72 hours, respectively.

a b

Figure 3. Alterations in NDRG2 protein levels in BCPAP cells after calcitriol treatment. Cell were treated with 15 or 30µM calcitriol for 24 (a),  
48 (b) and 72 (c) hours, respectively (n=3). α-actinin served as a control to ensure equal loading. * p<0.05.

DISCUSSION
Besides maintaining normal mineralization of bone, vitamin D is 
important for its tumor suppressing roles. There are numerous 
studies in which the importance of vitamin D metabolism, 
vitamin D receptor and calcitriol levels in thyroid cancer were 

investigated. Khadzkou et al. reported a significant increase in 

1-alpha hydroxylase (CYP27B1) –vitamin D activating enzyme– in 

papillary thyroid carcinoma (PTC) tissues compared with normal 

tissues and especially high in areas of lymphocyte infiltration 

(18). A similar study was carried out by Clinckspoor et al. and 

a b c
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showed 30µM calcitriol treatment for 48 hours significantly 

upregulated NDRG2 protein expression in BCPAP cells. In vivo 

and in vitro studies investigating the effects of calcitriol on Wnt/β-

catenin signaling pathway may shed the light on effects of calcitriol 

on NDRG2 expression in thyroid cancer. Uncontrolled activation 

of Wnt/β-catenin signaling pathway as well as defects in β-catenin 

degradation cause nuclear β-catenin accumulation, which leads 

to overexpression of invasion and proliferation related genes 

such as c-Myc (24). Larriba et al. reported that calcitriol treatment 

reduced c-Myc expression by promoting nuclear β-catenin export 

in colon cancer cells. However, alterations in NDRG2 expression 

after calcitriol treatment was not investigated in this study (25).

Moreover, Zhao et al. reported a significant increase in c-Myc 

expression and a significant decrease in NDRG2 expression in 

thyroid adenoma and carcinoma tissues compared to normal 

counterparts and suggested a negative correlation between two 

genes (26). Since numerous studies are showing that β-catenin 

dysregulation contributes to progression of thyroid tumors (27, 

28), our hypothesis is that calcitriol treatment induced NDGR2 

expression by suppressing c-Myc expression via inhibition of 

Wnt/β-catenin signaling pathway in BCPAP cells (Figure 4).

To our notion, this is the first in vitro study which investigates the 

effects of calcitriol on NDRG2 protein expression in papillary 

thyroid cancer. Further investigation is needed to determine 

whether induction of NDRG2 after calcitriol treatment is c-Myc 

and/or Wnt/β-catenin signaling pathway inhibition dependent.

the decreased CYP24A1 (vitamin D catabolizing enzyme) and 
increased CYP27B1 protein expressions were observed in the 
primary PTC tissues with lymph node metastasis. In both studies, 
decrease in VDR protein levels was reported in tumor tissues 
obtained from lymph node metastasis compared to primary 
papillary thyroid tissues (19). These data suggest that a local 
vitamin D metabolism may compensate the decrease in calcitriol 
sensitivity due to VDR downregulation in primary PTC tumors 
prone to metastasis. Stepien et al. investigated a significant 
decrease in calcitriol concentration in peripheral blood serum of 
thyroid cancer patients. They also pointed out that the decrease 
in calcitriol concentration was lower in patients with earlier tumor 
stage which once again indicates the tumor suppressor roles of 
vitamin D metabolism and calcitriol in earlier stages of thyroid 
cancer (20). Okano et al. reported a significant decrease in DNA 
synthesis and c-Myc gene expression in papillary thyroid cancer 
cell line, NPA and Liu et al. observed a significant decrease in p27 
degradation, which leads to G1-S arrest in numerous thyroid 
cancer cell lines after calcitriol treatment (21, 22). In another 
report, a 4-fold reduction in PTC tumor growth was observed 
in mice harboring a homozygous deletion of CYP24A1 when 
compared to normal counterparts (23).

In this study, first we compared the basal protein expression levels 
of NDRG2 to indicate that NDGR2 protein is lower in BCPAP cells 
when compared to Nthy-ori-3–1. We aimed to observe the effects 
of calcitriol on human papillary thyroid cancer cells rather than 
human primary thyroid follicular epithelial cells. Therefore, we 
addressed to question as to whether calcitriol treatment induced 
NDRG2 protein expression in BCPAP cells. Western blot results 

Figure 4. Schematic representation of repression of Wnt/β-catenin pathway by 1,25 (OH) D
3
. Nuclear β-catenin accumulation is 

caused by mutation of APC, β-catenin, AXIN and GSK-3β genes or deregulated signaling from Wnt plasma membrane receptors 
which result in transcription of its target genes such as c-Myc, a known repressor of NDRG2.1,25 (OH) D

3 
inhibits binding of β-catenin 

to TCF/LEF leading to decreased levels of c-Myc which can explain elevated levels of NDRG2 protein in calcitriol treated BCPAP cells.
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