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ABSTRACT

Introduction: Breast cancer is a malignant tumor of the mammary gland. Breast cancer is associated with vitamin 
D receptor (VDR) TaqI polymorphism. This study aims to prove the relationship between TaqI polymorphism and the 
clinicopathology of breast cancer in Bali.
Methods: This study is an observational analytic study with a cross-sectional design conducted from February to 
August 2021. A total of 39 sample DNA isolates from breast cancer patients at Sanglah Hospital were enrolled in 
the study. The independent variable was the VDR TaqI gene polymorphism, while the dependent variable was the 
clinicopathological breast cancer (clinical stage and histological grading). The examination was carried out by PCR 
and sequencing. Clinical staging and histological grading of breast cancer were taken from the patient’s medical 
record. The results were analyzed using descriptive and bivariate analysis.
Results: TaqI polymorphism of breast cancer at Sanglah Hospital Denpasar was dominated by the wild type TT 
genotype as much as 59%. This study did not find the CC genotype. The results of the statistical analysis did not find 
a significant relationship (p>0.05) between TaqI polymorphisms with TT and TC genotypes and clinicopathology 
of breast cancer but found a significant relationship (p=0.047) with histological grading. The TT and TC genotypes 
were found to increase the risk of breast cancer severity by 3,810 compared to individuals without the TT and 
TC genotypes. Analysis of confounding variables with clinicopathological breast cancer found no significant 
relationship (p>0.05) between the age of diagnosis, menstrual status, and hormonal contraceptive use with the 
characteristics of the sample.
Conclusion: It was concluded that breast cancer patients at Sanglah Hospital Bali had TaqI polymorphisms with 
TT and TC genotypes. TT and TC genotypes are associated with histological grading and can increase the severity of 
histological grading in breast cancer patients at Sanglah Hospital Denpasar Bali.
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INTRODUCTION
Aging is a physiological process that must 
be experienced by every individual due 
to increasing age. Aging is identical to 
a decrease in the physiological function 
of organs which can be followed by a 
decrease in a person’s quality of life. Along 
with advances in science and technology, 
especially in the health sector, it is known 
that aging is also a major risk factor for 
cancer. Data from the US National Cancer 
Institute’s Surveillance Epidemiology and 

Open access: http://ijbs-udayana.org/ 

End Results (SEER) found more than 
50% of cancer occurs in individuals over 
70 years old.1 Cancer is one of the highest 
causes of mortality after cardiovascular 
disease. The latest data from the Global 
Burden of Cancer (GLOBOCAN) noted 
that in 2020 there were 9,958,133 deaths 
from cancer. Most deaths from cancer 
each year are caused by lung cancer, 
liver cancer, stomach cancer, colorectal 
cancer, and breast cancer.2 The World 
Health Organization (WHO) noted that 

in 2020 the incidence of new cancer cases 
worldwide was the most contributed by 
breast cancer, reaching 2,261,419 out of 
19,292,789 total new cancer cases. This 
figure ranks first in the incidence of new 
cancer cases among other cancer likes lung 
cancer, colorectal cancer, prostate cancer, 
and cervical cancer. While the death rate 
from breast cancer ranks fourth after lung 
cancer, liver cancer, and gastric cancer.2

Breast cancer is a malignancy 
that occurs in breast tissue. Based on 
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(22%) was lower than in patients with TT 
(41%) and TC (44%) genotypes. Several 
findings suggest that TaqI SNP is not 
associated with susceptibility to breast 
cancer. However, a finding states that TaqI 
polymorphism of the TT genotype is a 
protective factor for breast cancer, with a 
risk reduction rate of 26%.8

The degree of differentiation or grade 
and type of histopathology are two 
important things to know in determining 
the diagnosis, prognosis, and therapy 
of breast cancer. Vitamin D receptor 
(VDR) is a factor that correlates with 
prognostication in breast cancer. The 
expression of the VDR gene was negatively 
correlated with tumor size and lymph node 
involvement (LNI) but did not correlate 
with the grade and status of the estrogen/
progesterone receptor.9 In breast cancer 
patients, high VDR expression is associated 
with favorable tumor characteristics such 
as smaller size, lower grade, estrogen and 
progesterone receptor positivity, and Ki67 
expression.10 This is different from the 
results of other studies which state that the 
TaqI VDR polymorphism is not related 
to the histopathological grade of breast 
cancer patients at the Adam Malik Hospital 
in Medan.11 Based on the explanation 
above, the researcher saw that there was a 
relationship between VDR polymorphism 
and breast cancer. VDR expression is 
also associated with clinicopathological 
features of breast cancer. However, 
studies linking the relationship between 
VDR polymorphisms, especially TaqI 
with clinicopathological features of 
breast cancer in Indonesia, especially in 
Bali, are still very rare. The relationship 
between VDR TaqI polymorphisms and 
histopathological features of breast cancer 
patients is an important topic to study 
as an effort to determine the prognosis 
method for breast cancer patients.

METHOD
Research Design
This research is a cross-sectional analytical 
study to see the relationship between the 
polymorphism of the TaqI vitamin D 
receptor gene and the incidence of breast 
cancer at Sanglah Hospital Denpasar 
Bali. Research variables were analyzed 
simultaneously at one time without any 
follow-up procedures. Samples are stored 

in biological materials in the form of DNA 
samples of breast cancer patients as many 
as 39 samples. This research was conducted 
at the Integrated Biomedical Laboratory 
Unit (LBT) of the Faculty of Medicine, 
Udayana University. Then the sequencing 
procedure was carried out at PT Genetics 
Science Indonesia, Tangerang, Banten. The 
research was carried out from February to 
August 2021.

DNA Detection and Sequencing TaqI
To determine the presence of 
polymorphisms in the RDV TaqI gene, 
DNA samples from breast cancer patients 
were amplified using the Polymerase 
Chain Reaction (PCR) method followed 
by the sequencing method. The PCR 
process begins with a pre-denaturation 
process for 1 minute at 94°C, denaturation 
at 94°C for 1 minute, annealing process at 
60°C for 2 minutes, and extension at 72oC 
for 2 minutes. To see the results of DNA 
amplification using the PCR method, 
electrophoresis was carried out using 1% 
agarose gel with 1x TAE solvent. Then the 
gene that is ready to be used is then used 
for electrophoresis by entering 5 µl of the 
PCR results and then connected to electric 
power of 80 mV/200mA for 40 minutes. 
The results of the electrophoresis were 
then visualized using a transilluminator 
system. Furthermore, the PCR results 
were sent to Genetics Science Jakarta for 
sequencing. The sequencing results are 
then read using snap gene software.

Statistical analysis
Data analysis was divided into descriptive 
analysis to determine the proportion 
of each variable tested in this study. 
Furthermore, bivariate analysis was 
performed using chi-square to determine 
the relationship between the results of the 
TaqI VDR sequencing on clinicopathology 
and confounding factors such as age 
at diagnosis, menstrual status, and 
contraceptive use in breast cancer patients. 
The results of the analysis are said to be 
meaningful if p <0.05.

RESULT
Descriptive Analysis
The study used 39 DNA samples from 
breast cancer patients treated at the 
Oncology Polyclinic, Sanglah Hospital, 

epidemiological data, breast cancer owns 
a mortality rate of 522,000 cases in 2012. 
In addition, breast cancer cases alone 
reached 404,000 in Asia with a ratio of 
30 cases in 100,000 women. Based on the 
order of incidence, Indonesia ranks third 
in Asia with 12% of all diagnosed breast 
cancer cases.3 Breast cancer is also known 
to cause the second-highest mortality 
after lung cancer with a mortality rate of 
22,430 people or around 9.6%.2 The high 
mortality rate due to breast cancer is 
caused by late detection of the disease. In 
general, patients seek medical help when 
they are in clinical stages III and IV. The 
lack of prognostic factors that can predict 
the behavior of malignant cells in breast 
cancer results in a poor prognosis. Clinical 
and pathological findings are considered 
to be less reliable in prognostic importance 
because of variations in molecular patterns 
and signaling pathways within cancer 
cells.4

The incidence of breast cancer is 
associated with multifactorial, including 
gender, age, age at menopause, age at 
menarche, hormone therapy, increased 
breast density, alcohol consumption, 
genetic, postmenopausal obesity, first 
pregnancy after the age of 30, lack of 
breastfeeding, lifestyle, and environmental 
factors. Genetic factors that are risk factors 
for breast cancer include changes in gene 
expression levels, epigenetic modifications, 
and polymorphisms. One of the genes 
that play a role in the pathogenesis and 
progression of breast cancer is the vitamin 
D receptor (RVD) gene.6

Breast cancer, which occurs due to 
genetic variations in the RVD gene, there 
is a decrease in the level of vitamin D 
receptor expression. RVD polymorphisms 
there are Fok1, Bsm1, TaqI, Apa1, and 
poly(A) have a significant association 
with breast cancer. The results of 
research on the relationship of TaqI gene 
polymorphisms with breast cancer risk 
are quite varied. TaqI polymorphism allele 
CC was significantly associated with an 
increased risk of breast cancer in estrogen 
receptor-positive patients.7 A similar 
study suggests that TaqI polymorphism 
of TC genotype is significantly associated 
with the development of breast cancer. 
In Egyptian women with breast cancer, 
mortality of patients with CC genotype 
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Denpasar, Bali. The analysis results of the 
characteristics of the sample data showed 
that the average of the research subjects 
diagnosed with breast cancer was 52.07 ± 
10,719 years old, with the age of 50 years as 
many as 22 people (56.4%) and >50 years 
as many as 17 people (43.6%). Judging 
from the history of contraceptive use, the 
majority of the study samples were women 
with hormonal contraceptive users, as 
many as 26 people (66.7%). In addition, 
the research subjects were dominated by 
post-menopausal women, as many as 25 
people (64.1%). Judging from the aspect of 
tumor pathology, the majority of patients 
diagnosed at stage III were 16 people 
(41.1%) with the most common tumor size 
being T4 as many as 18 people (46.2%), 
regional lymph node metastases (N1) 
as many as 18 people (46 people). .2%), 
grade 3 as many as 17 people (43.6%), and 
patients with distant metastases as many 
as 13 people (33.3%) (Table 1).

The 39 isolates of DNA samples 
were amplified by PCR. Furthermore, 
sequencing of the PCR product was carried 
out to determine the presence or absence 
of the VDR TaqI gene polymorphism. 
The results of the sequencing found that 
there were 23 people (59%) with the VDR 
TaqI gene without polymorphism (non-
polymorphism), and 16 people (41%) 
had polymorphism in the VDR TaqI gene 
(Table 2). The results of electrophoresis of 
PCR products and sequencing are shown 
in Figure 1.

Relationship of Stage with RVD TaqI 
Polymorphism, Age of Diagnosis, 
Menstrual Status, and Contraceptive 
Use in Breast Cancer Patients
Bivariate analysis with Chi-Square was 
conducted to determine the relationship 
between breast cancer stage and TaqI 
polymorphism, age at diagnosis, menstrual 
status, and contraceptive use of patients. 
Based on the results of bivariate analysis, 
it is known that there is no significant 
correlation with the stage of breast cancer 
patients (p>0.05) (Table 3). Multivariate 
analysis was not carried out because there 
was only one variable with p < 0.25.

Table 1. Characteristics of Breast Cancer Patients.
Parameters Mean (%)
Diagnosed Age 53.13 ± 9.28
≤50 years 22 (56.4)
>50 years 17 (43.6)
Stadium
I 3 (7.7)
II 7 (13.9)
III 16 (41.1)
IV 13 (33.3)
T Tumor
T1 3 (7.7)
T2 8 (20.5)
T3 10 (25.6)
T4 18 (46.2)
KGB Metastases
N0 16 (41)
N1 18 (46.2)
N2 3 (7.7)
N3 2 (5.1)
Metastasis
M0 26 (66.7)
M1 13 (33.3)
Grade
Grade 1 7 (17.9)
Grade 2 15 (38.5)
Grade 3 17 (43.6)
Contraceptive Use
Non-Hormonal
Hormonal

13 (33.3)
26 (66.7)

Menstrual Status
Pre-menopausal 14 (35.9)
Post-menopause 25 (64.1)

Relationship of Histological Grade 
with RVD TaqI Polymorphism, Age of 
Diagnosis, Menstrual Status, and Use 
of Contraceptives in Breast Cancer 
Patients
The relationship between histological 
grade and TaqI polymorphism, age 
at diagnosis, menstrual status, and 
contraceptive use in breast cancer patients 
were analyzed using Chi-Square bivariate 
analysis. Based on the results of the 
bivariate test, it was found that the TaqI 
polymorphism was significantly associated 
with the incidence of high-grade (grade 
III) breast cancer patients (p<0.05) (Table 
4). Meanwhile, age at diagnosis, menstrual 
status, and contraceptive use did not 
show a significant relationship with the 

histological grade of breast cancer patients 
(p>0.05) (Table 4). Multivariate analysis 
was not carried out because there was only 
one variable with p < 0.25.

DISCUSSION
Based on the findings in this study, the 
average age of patients diagnosed with 
breast cancer was 53.13 years, more than 
half of whom were postmenopausal 
women (64.1%). The results of other 
studies showed similar results, where 
on average, breast cancer patients were 
diagnosed at the age of 51-53 years with 
postmenopausal patients as many as 72% 
of patients.12 Judging from the history of 
using hormonal contraception, the results 
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stage III (41.1%), with T4 tumor size that 
had extended to the chest wall directly to 
the skin (46.2%), lymph node metastases. 
Ipsilateral axillary region (46.2%) and 
undiagnosed with distant metastases 
(66.7%). Judging from the differentiation 
of cells in tumor tissue, the histological 
grade was dominated by grade 3 (43.6%). 
Most of the new research subjects were 
diagnosed with stage III and grade III 
breast cancer, which was categorized as 
high grade. It is due to the ineffectiveness 
of the early detection system for breast 
cancer in the community in Indonesia, 
mainly influenced by the low level of 
public knowledge.14 The findings in this 
study which showed that the majority 
of patients were diagnosed at grade 3 
were also consistent with other studies 
conducted in Africa and Latin America, 
namely, the majority of patients were 
diagnosed at grade 3 (48% for Africa; 47% 
for Latin America).15

The results showed that the TaqI 
polymorphism was not significantly 
associated with the breast cancer stage. 
The results of a similar study did not 
find a significant relationship between 
TaqI polymorphisms with every aspect 
of clinicopathology tested and were not 
associated with prognosis in breast cancer. 
Meanwhile, the results of studies in the 
breast cancer population in Germany 
showed significant TaqI polymorphisms 
only in patients with positive estrogen 
receptors.6,15

The insignificant relationship between 
the TaqI gene polymorphism and the stage 
of breast cancer in this study was thought 
to be due to the SNP polymorphism 
of TaqI so that it did not directly affect 
tumor size, lymph node status, and breast 
cancer metastases. TaqI polymorphism 
has different properties when compared 
to BsmI and ApaI. This polymorphism is 
located in the exon region, while the other 
two types of polymorphism are located in 
the intron.16 Specifically, TaqI changed the 
codon in the exon 9 area of   the VDR gene 
but did not change the type of amino acid 
it encoded. This change is presumed to 
affect the post-translational modification 
process of VDR mRNA, which reduces its 
stability.17

VDR protein expression in peripheral 
leukocytes of wildtype (TT) individuals 

Table 2. Variations in the VDR TaqI Gene Genotype in Breast Cancer Patients.
VDR TaqI Gene 
Polymorphism Genotypic Variation Total (%)

Non-polymorphism TT 23
Polymorphism TC 16

Figure 1.  Results of Electrophoresis and Sequencing of PCR Products for the TaqI VDR 
Gene. (Above) Electrophoresis results of the TaqI VDR Gene PCR product; 
(Below) Sequencing Results of PCR Products with TT and TC Genotypes. 
SNP locations are shown in light blue and red arrows.

Table 3.  Results of Bivariate Analysis of the Relationship between Stage and 
TaqI Polymorphism, Age of Diagnosis, Menstrual Status, and Use of 
Contraceptives in Breast Cancer Patients.

Variable
Stadium

P-Value
Early Advance

VDR TaqI Gene
Non-Polymorphism 7 (70.0%) 16 (55.2%) 0.480
Polymorphism 3 (30.0%) 13 (44.8%)

Diagnosed Age
 >50 years 7 (70.0%) 15 (51.7%) 0.464
< 50 years 3 (30.0%) 14 (48.3%)

Menstrual Status
Pre-Menopause 1 (10.0%) 13 (44.8%) 0.064
Post-Menopause 9 (90.0%) 16 (55.2%)

Contraceptive Use
Non-Hormonal 3 (30.0%) 10 (34.5%) 1.000
Hormonal 7 (70.0%) 19 (70.4%)

Information: p-value is said to be significant if < 0.05

of this study showed that more than half 
(62.4%) of the patients were women using 
hormonal contraception. These results 
strengthen the statement of Awaliyah 
et al., which states that women who use 

hormonal contraception have a higher risk 
of developing breast cancer.13

Subsequent findings in this study 
showed that most breast cancer patients 
at Sanglah Hospital were diagnosed at 
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III here can be defined as cancer tissue 
with poor differentiation and has a high 
mitotic rate.22

The sampling process which is only 
carried out at one health center, namely 
at Sanglah Hospital Denpasar Bali, can 
lead to the risk of under-representation 
of genetic variation in different areas 
and populations. However, this study 
has provided preliminary data regarding 
the role of the TaqI VDR polymorphism 
in breast cancer and the possible high 
prevalence of the T allele in the Balinese 
population with a cross-sectional study 
design. However, this needs to be followed 
up with studies in a larger population 
through case-control studies with the 
number of case samples being patients 
with advanced-stage or grade III and 
control samples are patients with early-
stage or grade I-II balanced with an in-
depth evaluation of clinical effects of this 
VDR variation. In addition, the anti-aging 
effect of VDR can be extended to other 
aging-related diseases such as type 2 
diabetes mellitus, Parkinson’s, Alzheimer’s, 
and cardiovascular disease which are all 
related indirectly to chronic inflammatory 
activation in which vitamin D and its 
receptors play a significant role.

CONCLUSION
The research results concluded that the 
RVD TaqI gene polymorphism in breast 
cancer patients at Sanglah Hospital 
Denpasar Bali is more dominated by the 
wild-type TT genotype. Also, there is a 
relationship between the RVD TaqI gene 
polymorphism with breast cancer patients’ 
clinicopathological characteristics, 
especially the risk of increasing 
histological grade. Further research is 
needed with a larger sample and regarding 
the effect of TaqI polymorphisms on 
clinicopathological conditions, outcomes, 
and chemotherapy responses of breast 
cancer patients.
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Table 4.  Results of Bivariate Analysis of Histological Grade Relationship 
with TaqI Polymorphisms, Age of Diagnosis, Menstrual Status, and 
Contraceptive Use in Breast Cancer Patients.

Grade
P-Value

I-II III
VDR TaqI Gene

Non-Polymorphism 16 (72.7%) 7 (41.2%) 0.047
Polymorphism 6 (27.3%) 10 (58.8%)

Diagnosed Age
 >50 years 14 (63.6%) 8 (47.1%) 0.301
< 50 years 8 (36.4%) 9 (52.9%)

Menstrual Status
Pre-Menopause 7 (31.8%) 7 (41.2%) 0.546
Post-Menopause 15 (68.2%) 10 (58.8%)

Contraceptive Use
Non-Hormonal 7 (31.8%) 6 (35.3%) 0.819
Hormonal 15 (68.2%) 11 (64.7%)

was on average 78% higher than 
that of individuals with homozygous 
polymorphism (CC). Increased VDR 
expression is associated with decreased 
breast cancer aggressiveness such as tumor 
size, ER-negative, triple-negative, and KI-
67. Therefore, it allows VDR expression to 
be a prognostic factor for breast cancer.18 
Research Peng et al. reported that low 
VDR expression was associated with poor 
prognostication of esophageal squamous 
cell carcinoma (ESCC).19

Normally, VDR has tumor suppressor 
properties because VDR activation is 
known to increase the expression of tumor 
suppressor genes such as P53 and related 
proteins such as ATM, p27, and p21. The 
P53 gene and downstream proteins are 
very potent tumor suppressor proteins. 
Activation of these proteins will inhibit 
the cell cycle and induce a DNA repair 
response to minimize the occurrence of 
carcinogenic mutations. In addition, P53 
and related proteins also promote cell 
differentiation. Regarding differentiation, 
VDR can inhibit proteins involved in cell 
dedifferentiation such as Wnt-β-catenin 
signaling and telomeration, but VDR can 
increase the expression of TGF-β and 
FOXO3/4 which function in epithelial cell 
differentiation and direct cell metabolism 
towards respiration. oxidative (cancer 
cells metabolize energy mainly through 
oxidative glycolysis).20

Regarding DNA repair, VDR can 
increase the expression of BRCA1 and 
Rad50, which play a role in the double-
stranded DNA damage repair. Double-

stranded DNA damage is a very harmful 
mutation because it has the risk of 
producing chromosomal translocations 
or fusion of different chromosomes so 
that it can increase the expression of 
oncogenic genes many times at sites 
with active promoters.  Regarding DNA 
damage protection, active VDR restores 
cellular antioxidant status by increasing 
the expression of SOD 1 and 2.20

TaqI polymorphism, like ApaI and 
BsmI polymorphism, is a 3’ untranslated 
region (UTR) polymorphism associated 
with mRNA stability and degradation. The 
3’ UTR gene is known to be involved in the 
expression regulation, primarily through 
regulation of mRNA stability, including 
for steroid receptors containing extensive 
3’ UTR, such as alpha glucocorticoid 
receptors.21

Looking at the anti-cancer function of 
VDR, the presence of TaqI polymorphisms 
that disrupt the stability of VDR mRNA 
has the opportunity to reduce the 
protective effect of VDR. The findings in 
this study, which showed that the group 
with the TaqI polymorphism (with the C 
allele) was significantly associated with 
higher histologic grades, could also be 
associated with the decreased normal 
functioning of the VDR. As previously 
discussed, TaqI reduces VDR levels by 
up to 78% when compared to wild-type 
individuals. Therefore, it can be concluded 
that the decrease in VDR levels will 
also decrease its anti-cancer and pro-
differentiation effects associated with high 
histological grades. The histological grade 
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