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inTroducTion

Nowadays, cancer turns out to be one of the most 
widespreading diseases. Breast cancer is the most common 
type of cancer among females, as well as the second leading 
cause of cancer mortality among women. In 2017, an 
estimated 255,180 new cases of invasive breast cancer are 
expected to be diagnosed in women in the U.S., along with 
63,410 new cases of noninvasive (in situ) breast cancer.[1] In 
Jordan, breast cancer is the most common malignancy that 
affects women, accounting for 36.7% of all female cancers 
and it is the leading cause of cancer deaths among Jordanian 
women.[2] Risk factors associated with breast cancer include 
age, family history of breast cancer, ethnicity, weight, using 
hormone replacement therapy, and low Vitamin D intake.

Vitamin D regulates the growth and differentiation of 
various cell types, including the cancer cells. Vitamin D has 

also regulatory effects on cell death, tumor invasion, and 
angiogenesis.[3] Vitamin D hormone also has an important 
role in many metabolic pathways, including those involved 
in the immune responses. The actions of Vitamin D are 
mediated by the nuclear Vitamin D receptor (VDR), in 
which nearly every cell type in our bodies has receptors 
for Vitamin D. VDR is expressed in the normal mammary 
gland and plays a significant role in the development and 
function of the mammary gland.[4] VDR gene is located 
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on chromosome 12cen‑ql2, it contains 14 exons and spans 
approximately 75 kb of genomic DNA.[5]

Epidemiological studies demonstrated that decreased sunlight 
exposure, and diminished Vitamin D production by the skin, is 
correlated with higher breast cancer incidence and mortality.[6,7] 
Vitamin D status and the practice of moderate physical activity 
were considered protective factors for breast cancer.[8] Vitamin D 
supplementation, mostly taken daily and combined with calcium, 
was associated with a decreased postmenopausal breast cancer 
risk in menopausal hormone therapy users.[9] Experimental and 
clinical observations suggest that Vitamin D and its analogs 
might be effective in preventing the malignant transformation 
and/or the progression of various types of human tumors 
including breast cancer.[10] In addition, an association between 
low 25‑hydroxy Vitamin D 25(OH)D levels and increased risk 
of triple‑negative breast cancer was found[11] in Saudi Arabia, in 
which patients with 25(OH)D levels ≤25 nmol/L were 2.54 times 
more likely to present with triple‑negative status compared to 
those with 25(OH)D levels >25 nmol/L.

VDR polymorphisms were associated with different cancers, 
and VDR polymorphisms might influence both breast cancer risk 
and prognosis. However, the associations between VDR gene 
polymorphisms and cancer risk showed controversial results 
according to the gene polymorphism, the race of patients, and 
cancer stage.[12] VDR gene has multiple gene polymorphisms 
in exon 2 and 3′UTR region; VDR-FokI (rs2228570), 
VDR‑BsmI (rs1544410), VDR‑TaqI (rs731236), and 
VDR‑ApaI (rs7975232). These polymorphisms alter the 
polyadenylation of the VDR mRNA transcript and thus affect 
mRNA stability.[13] Previous studies showed no relationship 
between the breast cancer risk and TaqI gene polymorphism, 
while other studies showed a strong association between TaqI 
polymorphism, breast risk, and metastatic stage.[14,15] Up to our 
knowledge, gene polymorphism within VDR among Jordanian 
breast cancer females and its relation with Vitamin D activity 
had been never studied previously. Therefore, the aim of this 
study was to determine serum 25(OH)D level among Jordanian 
breast cancer females and to examine any association between 
VDR TaqI gene polymorphism, Vitamin D level, and breast 
cancer risk.

meThods

Ethical approval
The study was conducted in accordance with the Declaration of 
Helsinki .Ethical approval was obtained from the Institutional 
Review Board (No: 14076) at the Hashemite University, and 
consent forms were signed by all participants before patients 
and control interviewing and sample collection.

One hundred and twenty‑two breast cancer females were 
recruited from breast clinic at Al-Basheer Hospital, Amman, 
Jordan, during the summer time (from June to November 
of 2013, 2014, and 2015). Females were diagnosed by a 
specialized pathologist using tumor grading and staging 
system.[16] Blood samples were drawn at the time of diagnosis 
before surgery and before any chemotherapy treatment.

Age‑matched, cancer‑free female control volunteers, with 
no family history of any cancer (n = 100), were recruited 
as a control. Blood samples were collected (in the summer 
time from June to November of 2013, 2014, and 2015) 
from participants into two tubes; ethylenediaminetetraacetic 
acid (EDTA) tube and plain tube. DNA was extracted from 
EDTA tubes and stored at 4°C. Serum was separated from 
plain tubes, transferred to a microcentrifuge tube, and frozen 
at −60°C for Vitamin D determination.

DNA samples were amplif ied using a thermal 
cycler (BIO RAD iCycler, USA) by adding forward 
(5’‑CAGAGCATGGACAGGGAGCAA‑3’) and reverse 
(5’‑CACTTCGAGCACAAGGGGCGTTAGC‑3’) primers. 
Polymerase chain reaction (PCR) amplification reaction was 
carried out in 50 µl reaction volumes using Go Taq Green Master 
Mix and according to the manufacturer’s instructions (Promega, 
USA). DNA samples were amplified using programmed PCR 
protocol: Initial denaturation step at 94°C for 3 min, followed 
by 30 cycles at 94°C for 45 s; 58°C for 60 s; and 72°C for 
90 s, and then a reaction was carried out at 73°C for 5 min. 
Amplification products were electrophoresed on 2% agarose gel 
and stained with ethidium bromide; the amplified products were 
501 bp fragment that contains the variant site. Small nuclear 
polymorphism TaqI in VDR gene was detected by restriction 
enzyme digestion using TaqI endonuclease digestion (New 
England Biolabs, USA). Digestion products were visualized 
under 2% agarose gel. The size of Taq1 (TT) genotype was 
494 bp, Taq1 (Tt) genotype was 494 bp, 290bp, and 204bp and 
for Taq1 (tt) genotype was 290 bp and 204 bp.

The serum level of 25(OH)D was determined according to 
Vitamin D Standardization Program[17] and the manufacturer’s 
instructions by electrochemiluminescence method using 
Elecsys assay kit (Roche Diagnostics, France) for Beckman 
Coulter-Access/Access 2 Immunoassay System. The serum 
levels of 25(OH)D were classified into deficient (25[OH]D 
level ≤10.0 ng/ml), insufficient (25[OH]D level between 
10 and 20 ng/ml), or optimal (25[OH]D level more than 
20 ng/ml).

Statistical analysis
Statistical analysis was carried out using the Statistical 
Package for Social Sciences version 17.0 and 20.0 
(SPSS Inc., Chicago, IL, USA). Chi-square test was used 
to evaluate case‑control differences for TaqI genotype 
distribution among test and control groups. A t‑test was 
used to assess the significance of difference of mean 
25(OH)D levels between test and control groups. Statistical 
significance was defined as P < 0.05.

resulTs

Table 1 shows that more than half of the breast cancer 
females (55.7%) were between 50 and 59 years old. Fifty‑two 
and a half of them were in the menopausal stage and 49.2% 
were overweight. More than 60% of the breast cancer 
females had a unilateral tumor at the left side [Table 2] and 
more than 62% of them had Grade III.
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According to the hormonal receptor status, 62.3% of the 
examined breast cancer females were estrogen receptor alpha 
positive, fifty-two and a half of them were progesterone 
receptor positive, and 36.1% of them were human epidermal 
growth factor receptor 2 (HER2) positive [Table 2].

VDR genotypic and allelic frequencies among breast cancer 
and control participants are shown in Table 3. The genotypes 
are in Hardy-Weinberg equation. There was no significant 
association of the VDR gene Taq1 polymorphism with breast 
cancer risk among patients or healthy controls (P = 0.460). 
The frequency of TT, Tt, and tt genotypes was 41%, 46%, 
and 13%, respectively, for breast cancer patients compared 
with 42%, 50%, and 8%, respectively, for controls [Table 3].

The results of this study showed that the mean serum level 
of 25(OH)D for breast cancer patients (8.1 ± 0.3 ng/ml) 
was significantly lower than that in the control group 
(21.2 ± 0.6 ng/ml) (95% confidence interval [CI] 12.9–13.2, 
P = 0.001) [Table 4]. Breast cancer patients deficient for 
25(OH)D (with <10.0 ng/ml) had 22.7-fold increased breast 
cancer risk [Table 5].

The study showed that there was statistically significant 
difference in the mean 25(OH)D levels among TT, Tt, and 
tt genotypes within both breast cancer patients (P = 0.009) 
and control group (P = 0.027) [Table 6]. TT, Tt, and 
tt genotypes had mean 25(OH)D level of 7.0 ± 3.5, 
8.7 ± 3.0, and 9.7 ± 4.8 for breast cancer patients and 
19.4 ± 5.7, 22.1 ± 6.3, and 25.0 ± 8.4 for controls, 
respectively.

discussion

Breast cancer is the most common malignant affliction 
among women and the first cause of cancer deaths in 
women aged 15–54 years worldwide.[18] The origin of 
breast neoplasm is multifactorial; however, some factors 
may increase the risk of breast cancer including the age, 
family history, diet, presence of benign mammary disease, 
environment, and genetic factors related to Vitamin D 
level and VDR polymorphisms.[19] Vitamin D deficiency 
has become a major concern after the discovery of the 
monumental amplitude of populations blighted with it and 
its varied health consequences. Reports showed that most 
world’s population are not getting sufficient amount of 
Vitamin D due to the current lifestyle and environmental 
factors that limit sunlight exposure.[20] Breast cancer research 

Table 1: Age, menopausal, mammography testing, and BMI 
among breast cancer and healthy control groups, n (%)

Characteristics Case group 
(n = 122)

Control group 
(n = 100)

Age groups
40–49 years 34 (27.9) 18 (18)
50–59 years 68 (55.7) 50 (50)
60–69 years 20 (16.4) 32 (32)

Menopausal status
Yes 62 (50.8) 48 (48)

Mammography testing
Yes 122 (100) 12 (12)

BMI*
Underweight 4 (3.3) 2 (2)
Normal weight 46 (37.7) 30 (30)
Overweight 60 (49.2) 56 (56)
Obese 12 (9.8) 12 (12)

*Underweight: BMI is <18.5 kg/m2; normal weight: 18.5≤BMI≤24.9 
kg/m2; overweight: 25.0≤ BMI ≤29.9 kg/m2; obese: BMI ≥30.0 kg/m2. 
BMI: Body mass index.

Table 2: Neoplasm characteristics of Jordanian females 
with breast cancer, n (%)

Characteristics Case group (n = 122)
Tumor side

Unilateral right 40 (32.8)
Unilateral left 74 (60.7)
Bilateral 8 (6.6)

Grade
1 8 (6.6)
2 38 (31.1)
3 76 (62.3)

Hormones receptor status
Estrogen receptor positive 76 (62.3)
Estrogen receptor negative 18 (14.8)
Not examined 24 (19.7)
Progesterone receptor positive 64 (52.5)
Progesterone receptor negative 30 (24.6)
Not examined 28 (22.9)
HER2 positive 44 (36.1)
HER2 negative 38 (31.1)
Not examined 40 (32.8)

HER2: Human epidermal growth factor receptor 2.

Table 3: Association of VDR genotypic and allelic 
frequencies among breast cancer patients and controls 
with Hardy-Weinberg equilibrium

Items Frequency, n (%) χ2 P

Case (n = 122) Control (n = 100)
Genotype

TT 50 (41.0) 42 (42) 1.54 0.460
Tt 56 (45.9) 50 (50)
tt 16 (13.1) 8 (8)

Allele
T 156 (63.9) 134 (67) 0.46 0.500
t 88 (36.1) 66 (33)

VDR: Vitamin D receptor.

Table 4: Mean serum levels of 25(OH)D in breast 
cancer patients and controls

Groups n Mean ± SE (ng/ml) 95% CI P
Breast cancer 

patients
122 8.1 ± 0.3 12.9–13.2 0.001

Controls 100 21.2 ± 0.6
25(OH)D: 25‑hydroxy Vitamin D; SE: Standard error; CI: Confidence 
interval.
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in the Middle East is extremely limited and genetics studies 
about cancer within Jordan are scarce except for few studies 
that screen gene polymorphism.[21‑24]

To the best of our knowledge, this is a very rare study that 
showed the association between VDR TaqI genotypes 
or allelic frequencies among breast cancer patients and 
controls. This study showed no significant association 
between VDR TaqI genotypes or allelic frequencies 
among breast cancer patients and controls. Similar results 
were reported by Hou et al. and Yang et al.[25,26] among 
both population in Taiwan (China) and Caucasian breast 
cancer women. The same results were also reported by 
the meta‑analysis from pooling 39 studies that showed no 
significant associations between VDR TaqI polymorphisms 
and breast cancer risk.[27]

This study showed that most breast cancer participants were 
Vitamin D deficient (66.4%) and this result is consistent 
with the previous study that is carried out by Mallah 
et al.[28] By making revisions as followed in line with the 
results of this study, we found a significant difference in 
Vitamin D serum level between breast cancer females and 
controls, in which breast cancer patients had remarkably 
lower levels despite the sufficient sun exposure supplied 
by Amman-Jordan’s latitude 31°59’N as described by 
Weinstock and Moses.[29] Vitamin D deficiency might be 
attributed to other contributing factors including darker skin 
tone of the Middle Eastern population, use of sun blocks as 
well as avoiding performing activity in sunny areas and the 
dietary regimen. Two pathways for Vitamin D biosynthesis 
and action have been proposed in mammary carcinogenesis. 
The first one involves 1,25(OH)2D and the second involves 
25(OH)D. In the first circulating pathway, 1,25(OH)2D 
reaches the breast tissue to exert its anticarcinogenic effect. 
While in the other pathway, circulating 25(OH)D reaches 
the breast tissue and is catalyzed to 1,25(OH)2D by the 
1‑α‑hydroxylase in the breasts. All produced 1,25(OH)2D 
might bind to VDR and therefore regulate cell proliferation, 
differentiation, and apoptosis.

Data of the present study showed a low frequency of 
patients with tt genotypes among breast cancer while a study 
performed by Mishra et al.[13] showed no association between 
VDR TaqI genotypes and disease outcome. Moreover, this 
study showed a significant difference between Vitamin D 
level among different genotypes and within breast cancer 
patients and control groups [Table 4], in which the rare 
genotype (tt) had the highest Vitamin D level compared to the 
other patterns, followed by the heterozygous genotype (Tt). 
Meanwhile, the wild‑type genotype (TT) scored the lowest 
Vitamin D level which is compatible with results that were 
found by Janowsky et al.[30] One of the limitations of this 
study is the limited number of patients enrolled in this study. 
Hence, further large studies, particularly referring to larger 
sample size, more gene polymorphisms, and gene‑gene and 
gene‑environment interactions, are recommended.

In conclusion, this study found that circulating level of 
25(OH)D was significantly lower among breast cancer 
patients indicating an inverse relationship between 
25(OH)D level and breast cancer risk. Furthermore, a 
significant association between different TaqI genotypes and 
circulating levels of 25(OH)D was found.
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