
Abstract. Background/Aim: Vitamin D deficiency and vitamin
D receptor (VDR) gene polymorphisms are involved in a variety
of biological processes including cell proliferation, apoptosis,
and adhesion in malignant tumors. This study investigated
whether vitamin D levels and genetic variations of VDR are risk
factors for thyroid cancer. Patients and Methods: Patients who
underwent surgery for differentiated thyroid carcinoma (n=113)
and those with benign thyroid pathology (n=150) were
genotyped for VDR gene polymorphisms (ApaI, TaqI, FokI, and
BsmI) and their 25(OH)D levels were simultaneously measured.
Demographic data and histopathologic reports were also
acquired for all patients. Results: Vitamin D levels were
significantly lower in the thyroid cancer group (p=0.03). FokI
and TaqI polymorphisms were more frequent in the thyroid
cancer patients (p<0.001). Compared to control, the proportion
of the FokI Ff genotype was increased (p<0.0006) and the
proportion of the TaqI Tt genotype was also higher among
patients with thyroid cancer (p<0.0001). The Ff genotype of
FokI was also associated with multifocality, invasive pattern,
and risk for local metastasis. Conclusion: The VDR gene
polymorphism FokI may be associated with the risk of thyroid
cancer and its more aggressive forms.

Thyroid cancer has rapidly become the most frequent
endocrine malignancy, accounting for 3.2% of all new cancer
diagnoses (1). Its increasing incidence with a constant death
rate of 0.5/100,000 persons has been attributed to a more
extensive imaging thyroid screening (2). Recent studies focus
on finding prognostic factors for the aggressive cases of
thyroid cancer and provide evidence indicating that vitamin
D, its metabolic pathways, and molecular mechanisms of
action play an important role in disease progression (3-5).
Multiple studies found a significant correlation between low
levels of vitamin D and increased thyroid cancer risk by
approximately 30% (6). The prognostic value of vitamin D in
differentiated thyroid cancer staging is also extensively
studied; vitamin D deficiency has been significantly associated
with increased papillary thyroid cancer stage and local and
distant metastasis (7-9). The latest factor in the vitamin D
pathway involved in thyroid cancer evolution is the vitamin D
receptor (VDR); its over-expression has been associated with
lymph node metastasis and the knockdown of VDR attenuated
the antiproliferative and proapoptotic effects of vitamin D in
thyroid cancer tissues (10, 11). Vitamin D regulates gene
transcription through VDR binding and exerts antitumoral
effects by stimulating differentiation, apoptosis and reducing
proliferation, angiogenesis, and invasion (12). VDR gene
polymorphisms (BsmI, ApaI, TaqI, FokI) have been shown to
increase the risk of some types of cancer (breast, prostate,
renal cell carcinoma, malignant melanoma, ovarian, colorectal,
etc.) (13-15). The correlation between VDR gene
polymorphisms and thyroid cancer needs to be further studied.
So far, results have shown that ApaI and FokI (AA and FF
genotypes, respectively) offer protection against follicular
cancer, whereas FokI (TT genotype) is associated with T3/T4
stage, extrathyroid invasion and a tumor size ≥10 mm (16-18).

The aim of this study was to investigate the correlation
between vitamin D status, VDR gene polymorphisms, and
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clinical and histopathologic findings of patients with
differentiated thyroid carcinoma.

Patients and Methods

A total of 113 patients with differentiated thyroid carcinoma and 150
control subjects were enrolled in this case-controlled study. All
subjects were recruited among patients who were treated in our
institution between 2018 and 2020 and their diagnosis was confirmed
by pathology. Serum 25(OH)D was measured in our laboratory using
electrochemiluminescence on a Cobas E601 C analyzer (Roche
Diagnostics, Indianapolis, IN, USA; with a measuring range=3–70
ng/ml, functional sensitivity 4.01 ng/ml, and variation coefficient of
18.5%). Current guidelines recommend a value range of 10 to 20
ng/ml for vitamin D deficiency, 20-30 ng/ml for vitamin D
insufficiency, and >30 ng/ml were considered normal. Total DNA was
isolated from blood in EDTA vials in maximum seven days after
sample collection and verified with Nanoquant spectrophotometry.
Genotyping was performed with Restriction Fragment Length
Polymorphism (PCR-RFLP) technology in PCR amplified DNA
fragments. In our study we determined the 4 commonly studied VDR
gene polymorphisms (FokI – rs2228570, BsmI – rs1544410, ApaI –
rs7975232, TaqI – rs731236). Ultrasound features (nodule size,
number, presence/absence of calcifications and suspicious adenopathy,
vascularization, extension) were obtained for every patient.

Histopathologic features of thyroid carcinoma were assessed
according to the tumor-node-metastasis (TNM) cancer staging
included tumor size (T), multifocality, local and extrathyroid
invasion, lymph node metastasis (N), distant metastasis (M) and
angiolymphatic invasion. 

Each patient was given a written informed consent and the study
was approved by the ethics committee of the C.I. Parhon National
Institute of Endocrinology.

Statistical analysis was performed using MedCalc Software Ltd.
version 20.027, Ostend, Belgium and Microsoft Office 365,
Microsoft Excel software version 2206. Data are presented as
mean±standard deviation (DS), percentages (%), odds ratios (OR),
and 95% confidence intervals (CIs). p-Values were calculated using
t-test or χ2 as appropriate. Statistical significance was considered at
a p-value<0.05. Correlations were made using Pearson’s correlation
coefficient calculator. 

Results
Regarding description of demographic data (Table I), mean
age value in the cancer group was 50±14.46 years old and in
the control group 55.87±11.67 years old. In both groups
female sex was more frequent; the cancer group included 91
female patients (80.56%) and 22 male patients (19.44%), and
the control group included 137 female cases (91.33%) and
13 males (8.67%). More than half of patients came from the
urban environment: 72.56% (82 cases) in the thyroid cancer
group and 68.66% (103 cases) in the benign group.

Ultrasound features in the thyroid cancer group revealed a
hipoechoic echotexture in 91 cases (80.53%) and an isoechoic
echotexture in 22 patients (19.47%). Calcifications were present
in 54.86% of the cancer patients (n=62) out of which 74.19%
(n=46) were described as microcalcifications, 20.96% (n=13) as

macrocalcifications and 4.85% (n=3) as both micro- and
macrocalcifications. Most of the patients had multinodular goitre
(n=83, 73.45%) and the rest of 30 (26.54%) were diagnosed with
a single nodule. Mean size of thyroid nodules was 2.9 cm±1.42
DS. Eighty-seven patients (76.99%) had laterocervical lymph
nodes out of which 38 (43.67%) were considered suspicious.
Mean size of cervical lymph nodes was 1.07 cm±0.61 DS.
Regarding localization, fifty-one of cancer sites were in the right
thyroid lobe representing 54.86% of cases. The left lobe was
affected in thirty-five patients (30.97%) and the isthmus in
twenty-seven cases (14.17%). Regarding the control group, the
ultrasound echotexture was hipoechoic in 122 cases (81.33%)
and isoechoic in twenty-eight of them (18.67%). Out of the total
of 150 patients, thirty-two had microcalcifications (21.33%) and
3 (2%) had both micro- and macrocalcifications. Many of the
patients were diagnosed previously with multinodular goitre
(n=112, 74.66%); 28 of them (18.66%) had a single thyroid
nodule and 10 of them (6.68%) had diffuse enlarged goitre.
Mean size of the nodules was 2.81 cm±1.69 DS. 41.33% (n=62)
of the patients had laterocervical lymph nodes out of which 12
(19.35%) were considered suspicious. Mean size of cervical
lymph nodes was 0.75 cm±0.41 DS. Regarding localization, the
nodule was localized in the right lobe in 68 patients (45.33%)
followed by the left lobe with 56 cases (37.33%) and the isthmus
with 16 patients (10.66%) and 10 patients had diffuse goitre
(6.68%) (Table I). 

The histopathologic report (Figure 1 and Figure 2)
described reactive inflammatory lymph nodes in 72 patients
(48%) with benign disease. In the thyroid cancer
examinations, histopathology exam revealed 109 cases of
papillary thyroid carcinoma (96.46%) and 4 cases of
follicular carcinoma (3.54%). Out of all thyroid cancer cases,
60 (53.09%) were multifocal and 74 (65.48%) were invasive
or infiltrative in the surrounding tissue. Mean size of the
cancer foci site was 1.72 cm±1.5 DS and mean number of
cancer sites was 1.91±1.16 DS. The histopathologic report
also showed 31 cases of local cervical metastasis (27.43%)
and 39 (34.51%) reactive inflammatory lymph nodes.  

Mean levels of 25(OH)D in the thyroid cancer group was
17.27 ng/ml±7.57 DS, which was significantly lower
compared to the control group with mean levels of 19.32
ng/ml±7.92 DS (p=0.03) (Table II).

Although weak, vitamin D levels negatively correlated with
the nodule size both in the thyroid cancer group (r=–0.36,
p=0.00006) and in the control group (r=–0.33, p=0.00002)
suggesting a necessity for larger studies.

After TNM classification, the patients were distributed as
follows: 1 patient (0.88%) with T4, 57 (50.44%) with T3, 12
(10.61%) with T2 and 43 (38.07%) with T1. Levels of
vitamin D varied by T (tumor size): mean levels of 25(OH)D
for T1 were 17.11 ng/ml±8.06 SD, for T2 20.31 ng/ml±6.94
SD and for T3 it was 17.01 ng/ml±7.18 SD. For the only T4
case, the levels of 25(OH)D were 5.13 ng/ml. 
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Regarding VDR polymorphism, we studied FokI
(rs2228570), BsmI (rs1544410), ApaI (rs7975232), TaqI
(rs731236). By comparison, statistically significant differences
between the two groups were found for the FokI polymorphism
and TaqI polymorphism (p<0.001). Compared to control, the
rate of the FokI Ff genotype was higher in patients with thyroid
cancer (OR=2.59, 95%CI=1.5-4.5, p=0.0006) and the rate of
TaqI Tt genotype was also higher in patients with thyroid
cancer (OR=3.98, 95%CI=2.27-6.98, p<0.0001) (Table III).

Associations between VDR FokI and TaqI polymorphisms
and clinical features of patients with thyroid cancer are
shown in Table IV. Patients carrying the FokI Ff genotype
had increased risk for cervical metastases compared to FokI
FF patients (OR=2.57, 95%CI=1.03-6.37, p=0.004). Mean
size of cancer sites was also larger for Ff patients than for
FF ones. Multifocality was also significantly higher in
patients with Ff genotype than those with the FF genotype
(OR=2.18, 95%CI=1.08-4.40, p=0.02). Patients with FokI Ff
genotype had increased risk for local invasion compared to
those with the FF genotype (OR=2, 95%CI=1.03-3.87,

p=0.003). Although it also appears to be correlated with
T3/T4, stages 3 and 4, multifocality and invasive types, there
were no statistically significant differences in the association
with the Tt genotype compared to the TT genotype.

Discussion

Secondary to the increasing incidence of thyroid cancer and
the continuous search for risk and progression predictors, we
studied the relevance of vitamin D status and VDR gene
polymorphisms in a Romanian population. The study
revealed a significantly lower levels of 25(OH) D in
differentiated thyroid cancer patients compared to control
and a significantly higher rate of FokI and TaqI
polymorphisms in thyroid cancer patients compared to
control. The Ff genotype of FokI and the Tt genotype of TaqI
were more frequent and the Ff genotype increased the risk
for cervical metastases, multifocality, invasiveness and a
larger cancer site size mean. There were no statistically
significant associations with TNM staging although it
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Table I. Statistical data description of patients.

Data                                                                              Thyroid cancer group                                           Control group                                         p-Value
                                                                                         n=113 (42.96%)                                             n=150 (57.03%)

                                                                           Number                              %                          Number                                %                                      

Age (mean±SD)                                                           50 years ± 14.46 SD                                   55.87 years ± 11.67 SD                                  0.0003
Sex
   Female                                                                 91                             80.56%                         137                              91.33%                             0.012
   Male                                                                     22                             19.43%                          13                                8.67%                              0.012
Environment
   Urban                                                                   82                             72.56%                         103                              68.66%                             0.493
   Rural                                                                    31                             27.44%                          47                               31.34%                             0.493

Ultrasound features                                                  
Hipoechoic echotexture                                         91                             80.53%                         122                              81.33%                             0.869
Isoechoic echotexture                                             22                              19.47%                          28                               18.67%                             0.869
   Nodule calcifications
   Microcalcifications                                             46                             74.19%                          32                               21.33%                            0.0008
   Macrocalcifications                                             13                             20.96%                            -                                       -
   Both                                                                      3                               4.85%                            3                                   2%                                0.725
Number of nodules
   Multinodular goitre                                             83                             73.45%                         112                              74.66%                             0.823
   Single nodule                                                      30                            (26.54%)                         28                               18.66%                             0.128
   Diffuse goitre                                                        -                                   10                           6.68%                                  -
   Mean size of nodules±SD                                          2.9 cm ± 1.42 SD                                          2.81 cm ± 1.69 SD                                       0.651
Cervical lymph nodes
   Presence                                                               87                             76.99%                          62                               41.33%                           <0.0001
   Suspicious                                                           38                             43.67%                          12                               19.35%                           <0.0001
   Mean size±SD                                                            1.07 cm ± 0.61 SD                                         0.75 cm ± 0.41 SD                                     <0.0001
Localization
   Right lobe                                                            51                             54.86%                          68                               45.33%                             0.974
   Left lobe                                                              35                              30.97%                          56                               37.33%                             0.283
   Isthmus                                                                27                             14.17%                          16                               10.66%                             0.005

SD: Standard deviation.



appears that the Ff genotype was more frequent in stages 3
or 4 of cancer. Additional studies with higher numbers of
patients are needed to draw a safe conclusion. 

Vitamin D is nowadays considered to be an
immunomodulator with antitumoral effects and it has been
associated with several types of cancer (colon, breast,
prostate, etc.) and a protective effect on thyroid tissue (12).

It has been suggested that vitamin D can regulate all steps in
the tumorigenesis process including proliferation,
differentiation, apoptosis, angiogenesis and inflammation
(19). The main mechanisms for the antiproliferative and
prodifferentiation effects of calcitriol comprise the regulation
of growth factors, cell cycle, and signaling pathways. It
increases expression of cyclin-dependent (CDK) inhibitors

in vivo 36: 2434-2441 (2022)
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Figure 1. Papillary thyroid carcinoma. A, B) macroscopic aspect.

Figure 2. Histopathologic findings. A) Papillary thyroid carcinoma with marginal and capsular invasion (HE staining ×20); B) Papillary thyroid
carcinoma with solid, sclerosing and follicular variant areas (HE staining ×20).



(p21 and p27) and inhibits expression of CDK2 leading to
inhibition of cell-cycle progression (20, 21). Other important
anticancer pathways include: inhibition of Wnt/β-catenin
signaling pathway, activation of transcription factors
forkhead box o3/4, inhibition of telomerase activity, down-
regulation of anti-apoptotic proteins Bcl-2 and Bcl-XL and
upregulation of pro-apoptotic proteins Bax, Bak and Bad
(22). These anti-tumoral effects are mediated by VDR.
Regarding thyroid cancer, its occurrence and progression
depends on impaired 1.25(OH)2D3 signaling, which has
been confirmed in thyroid cell lines. Local signaling of the

vitamin D-VDR complex has been shown to be decreased in
thyroid cancer tissue with local metastasis with a full loss of
signaling in metastatic anaplastic thyroid carcinoma (12, 13).
The anti-tumoral effect of vitamin D and potential use of
therapeutic doses of vitamin D in thyroid cancer, requires
VDR presence and function.

Many studies reviewed the correlation of vitamin D levels
or VDR locus and different diseases (18, 19). The VDR gene
has been studied for its correlation with several types of
cancer, but the results have been inconsistent among
different populations indicating ethnic and geographical
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Table II. Histopathologic data description of patients.

Histopathologic report                                                                Thyroid cancer group                                                                Control group
                                                                                                         n=113 (42.96%)                                                                   n=150 (57.03%)

                                                                                               n                                          %                                             n                                           %

Type of cancer
   Papillary                                                                            109                                  96.46%                                          
   Follicular                                                                             4                                     3.54%                                           
Multifocal                                                                              60                                   53.09%                                                                                       
Invasive                                                                                 74                                   65.48%                                                                                       
Mean size of cancer site                                                                1.72 cm ± 1.5 DS                                                                               
Mean number of cancer sites                                                          1.91 ± 1.16 DS                                                                                 
Cervical lymph nodes
   Local metastasis                                                                31                                   27.43%                                         -                                             
   Inflammatory nodes                                                           39                                   34.51%                                      72%                                      48%
Mean level of 25(OH) vitamin D ± SD*                                 17.27 ng/ml ± 7.57 DS                                                        19.32 ng/ml ± 7.92 DS 

p-Value=0.03*; SD: Standard deviation.

Table III. Vitamin D receptor (VDR) polymorphisms analysis.

Polymorphism                       Thyroid cancer group                                Control group                               p-Value                   OR                     95%CI

                                               n                            %                           n                               %                                                                                        

ApaI                                                                                                                                                                                                                                
   AA                                     36                     31.85%                     38                         25.33%                      0.385                    1.25                  0.74-2.10
   aa                                        18                     15.92%                     43                         28.66%                      0.055                    0.55                  0.30-1.01
   Aa                                       59                      52.23%                     69                         46.01%                      0.558                    1.13                  0.74-1.73
BsmI                                        
   BB                                      19                     16.81%                     20                         13.33%                      0.499                    1.26                  0.64-2.47
   bb                                       32                     28.31%                     59                         39.33%                      0.193                    0.72                  0.43-1.18
   Bb                                       62                      54.88%                     71                         47.34%                      0.489                    1.15                  0.76-1.76
FokI                                                                                                     
   FF                                       47                      41.61%                     57                           38%                        0.631                    1.11                  0.70-1.76
   ff                                         18                     15.92%                     69                           46%                       0.0003                   0.34                  0.19-0.61
   Ff                                        48                     42.47%                     24                           16%                       0.0006                   2.59                  1.50-4.50
TaqI                                                                                                                                                                                                                                 
   TT                                      37                     32.74%                     57                           38%                        0.543                    0.86                  0.53-1.39
   tt                                         16                     14.15%                     73                         48.66%                    <0.0001                  0.29                  0.16-0.52
   Tt                                        60                      53.11%                     20                         13.34%                    <0.0001                  3.98                  2.27-6.98

OR: Odds ratio; CI: confidence interval.



differences or interactions with multiple genetic or
environmental factors. VDR polymorphisms can behave as
markers for functional variants that influence expression of
VDR. VDR polymorphisms may determine the  levels of
VDR mRNA, VDR protein and consecutive vitamin-D-
mediated effect (18-21). For example, the allele f of the FokI
gene polymorphism leads to a longer VDR protein by
inserting a start codon, which can affect VDR activity and
reduces its effectiveness as a transcriptional activator. Also,
the f allele has been correlated with higher 25(OH) vitamin
D levels (22-24).

Furthermore, it has been shown that VDR expression is
negatively correlated with tumor malignancy, and is
considered a biomarker for high-risk patients  (23, 24). VDR
gene polymorphisms (ApaI, BsmI, TaqI, FokI) were also
studied in order to establish their role  as potential risk
factors and predictors for tumor aggressiveness. Relevant
associations between VDR polymorphisms and breast (FokI,
BsmI, ApaI), prostate (FokI, BsmI, TaqI), colorectal (FokI,
BsmI, TaqI) and skin cancer (Fok1, Bsm1, Taq1) have been
reported demonstrating that there are certain interactions
between VDR and carcinogenesis (25-27).

Data on correlations between thyroid cancer and VDR
gene polymorphisms are only in vitro and very controversial.
None of the polymorphisms were associated with higher risk
of PTC in a German study (25, 26). In other studies the
genotypes were not associated with the risk of thyroid cancer
(25-29) but their correlations with TNM stage and pathology
characteristics was not studied. In our study, vitamin D
deficiency was confirmed in thyroid cancer patients
compared to control and FokI and TaqI were the only two
polymorphisms with significant difference between the two
groups: VDR gene FokI genotype ff (p=0.0003, OR=0.34,

95%CI=0.19-0.61) and Ff (p=0.0006, OR=2.59, 95%CI=1.5-
4.5) and VDR gene TaqI genotype tt (p<0.0001, OR=0.29,
95%CI=0.16-0.52) and Tt (p<0.0001, OR=3.98,
95%CI=2.27-6.98) were more frequent in the thyroid cancer
patients. Similar to our study, it has been  revealed that FokI
might play an important role in the etiology of papillary
thyroid cancer and was associated with T3/4, stage 3 or 4,
extra-thyroidal invasion, multifocality and tumor size ≥10
mm (12). Our study suggests that VDR gene FokI and TaqI
polymorphisms  may be associated with the appearance of
differentiated thyroid carcinoma and also its prognosis being
correlated with aggressiveness factors. VDR gene FokI
might be taken into consideration as a prediction factor for
poor clinical and pathology features and advanced stage of
thyroid cancer. Studies have shown that the FokI
polymorphism is the only locus with a potential impact on
the VDR protein structure, being found in the coding
sequence (in the first ATG starting code of VDR protein)
(30-32). The small sample size and seasonal variations in
vitamin D levels are limitations of this study.

Conclusion
In conclusion, our study suggests that VDR gene FokI
polymorphism, especially the Ff genotype and TaqI
polymorphism genotype Tt might contribute to thyroid cancer
risk and more aggressive types of thyroid cancer (multifocal,
invasive, metastasis) in a Romanian population. To our
knowledge, this is the only study performed in Romania
addressing this matter. To further investigate this, we will
continue to enroll patients in order to determine whether FokI
and TakI could be used as prognostic factors for the more
severe forms of differentiated thyroid carcinoma. 
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Table IV. Associations between FokI and TaqI polymorphisms and clinical features of patients with thyroid cancer.

Variables                                                                     Genotype FokI                                                                              Genotype TaqI

T classification                           FF (no=47)                 Ff (no=48)                ff (no=18)                TT (no=37)                Tt (no=60)              tt (no=16)

T1                                                        21                               16                               7                               12                               27                            5
T2                                                         5                                 5                                2                                3                                 6                             3
T3+T4                                                 22                               27                               9                               22                               27                            8
Stage                                                                                                                                                                                                                             
1                                                          34                               33                              10                              27                               41                           10
2                                                           2                                 3                                1                                1                                 3                             2
3+4                                                      11                               12                               7                                9                                16                            4
Multifocal                                           17                               38                               5                               20                               30                           10
Invasive                                             21                               43                              10                              24                               38                           12
Cancer sites (>1 cm)                         29                               29                              11                              21                               36                           12
Cancer sites (mean±SD)          1.89±0.84 SD            2.27±1.77 SD           1.78±1.15 SD           2.40±1.58 SD            1.73±0.84 SD        1.43±0.51 SD
Cervical metastasis                             8                                21                               1                               15                               13                            3

SD: Standard deviation.
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