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Abstract

Objective: The aim of this study was to determine whether a novel polymorphism (Tru9l) in the
low penetrance vitamin D receptor (VDR) gene is associated with risk of premenopausal breast
cancer (BC).

Methods: This case-control study included 228 patients with BC and 503 healthy women living
in Pakistan who were analyzed for the VDR Tru9l (rs757343) single nucleotide polymorphism. BC
cases were histopathologically confirmed, and all healthy controls were age-matched with
patients (age range, 20—45 years). DNA was extracted, and the polymerase chain reaction and
restriction fragment length polymorphism assays were performed.

Results: The VDR Tru9l polymorphism was not significantly associated with premenopausal BC.
However, the risk of BC was associated with the ‘uu’ genotype (odds ratio [OR], |.141; 95%
confidence interval [95% Cl], 0.206—6.317). Further, mutant Tru9l was significantly associated with
Grade |V carcinoma (OR, 5.36; 95% ClI, 1.181-24.338).

Conclusion: The VDR Tru9l ‘uu’ genotype may increase the risk of premenopausal BC.

Keywords
Vitamin D receptor, Tru9l, rs757343, premenopausal, breast cancer, Pakistan

Date received: 14 November 2017; accepted: 25 January 2018

*Department of Physiology, University of Karachi,

'Department of Physiology, University of Karachi, Karachi, Pakistan

Karachi, Pakistan Corresponding author:

Department of Clinical Oncology, Karachi Institute of Taseer Ahmed Khan, Department of Physiology,
Radiotherapy and Nuclear Medicine (KIRAN) hospital, University of Karachi, Karachi, Pakistan.
Karachi, Pakistan Email: takhan@uok.edu.pk

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative
BY NC

Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/)
which permits non-commercial use, reproduction and distribution of the work without further permission provided the original
work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


http://orcid.org/0000-0003-3844-4750
mailto:takhan@uok.edu.pk
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060518761304
journals.sagepub.com/home/imr

1802

Journal of International Medical Research 46(5)

Introduction

Breast cancer (BC) is the most prevalent
cancer and a major cause of death among
women worldwide. In Pakistan, the inci-
dence of BC is approximately 34.6% in
women.' Among risk factors, lifestyle, alco-
holism, high birth weight, and abdominal
adiposity intensify the risk of BC.>* Diet
may modify the incidence of BC,” although
many dietary components such as vitamin
D are categorized as “Limited or no con-
clusion.”® Vitamin D plays a major role in
mineral homeostasis;® however, evidence
indicates that its deficiency exacerbates the
risk of BC.”®* Moreover, higher vitamin D
levels are weakly associated with the low
BC risk”.”"?

Vitamin D derived from diet and sun
exposure of the skin undergoes activation
within the liver through 25 hydroxylation,
and in the kidney through 1-a hydroxyl-
ation, to form 1,25(OH)2D3 (active
vitamin D). The classical role of vitamin
D is to regulate calcium and phosphate
metabolism to maintain bone mineral den-
sity (BMD). However, there are wide ranges
of mnonclassical functions of vitamin D
within the body. Vitamin D is activated by
forming a complex with the vitamin D
receptor (VDR) that is involved in the reg-
ulation of many target genes that contribute
to cell differentiation, cell growth, pro-
grammed cell death, angiogenesis, inflam-
mation, and immune responses.'''?
Vitamin D, in concert with growth factors,
arrests the cell cycle by preventing entry
into S phase.'® Vitamin D induces apopto-
sis through down-regulation of the antia-
poptotic protein B-cell lymphoma 2
(BCL2),"? inhibits the expression of P-cad-
herin'* and increases the expression E-
cadherin,'” which may contribute to the
anti-invasive or antimetastatic effects of
vitamin D. Further, vitamin D induces
the expression of the tumor suppressor
BRCAI, because the binding sites for the

vitamin D/VDR/retinoid X receptor het-
erodimer complex are present within the
BRCAI promoter region.'® Although
VDR is present in many body tissues,
including normal and cancerous breast tis-
sues, its expression is low in mammary
cancers cells,'” which may be caused by
variations in VDR.

There are many polymorphic regions in
VDR, among which Fokl, Bsml, Apal, and
Tagl are the most extensively studied in
American (Hispanic white, nonhispanic
white, and Caucasian) and Asians (Iranian
and Egyptian) populations.'®* Attention
focuses on the role of single nucleotide
polymorphisms (SNPs) in VDR that are
associated with the development of a wide
range of pathological conditions, including
type 2 diabetes mellitus, prostate cancer,
and BC!'® 2%, However, limited studies are
available on the Pakistani population.®
Studies of Jordanian populations reveal a
statistically significant difference between
VDR Tagql variants and 25(OH)D among
women with BC.?! Bsml and Cdx2 poly-
morphisms are significantly associated
with  women with BC living in
Southeastern Iran.”° The Fok! SNP in BC
plays a protective role, whereas the Bsml
SNP is not associated with BC among
women living in the Iranian city of
Urmia.”> Among Egyptian women, the
Bsml “B” allele and “Bb” variants of
VDR may represent a risk factor for suscep-
tibility to the development of BC.** In con-
trast, a meta-analysis shows no association
of VDR SNPs (Fokl, Bsml, Tagl, and
Apal) with risk of BC in a general popula-
tion or in a Caucasian population.®*
Among Pakistanis who are BRCA1/2 non-
carriers, the Bsm1 “b” allele is associated
with an increased risk of BC”.>> Although
the associations of VDR Fokl and Bsml
SNPs with the risk of BC have been inves-
tigated, no study, to our knowledge, inves-
tigated the relationship between the VDR
Trud9l polymorphism and the
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premenopausal risk of BC. Therefore, the
present study was designed detect an asso-
ciation between the novel low penetrance
VDR Tru91 SNP and BC among premeno-
pausal women of Pakistan.

Materials and methods

Ethics statement

The study was approved by the Bioethics
Committee, Board of Advance Studies &
Research, University of Karachi (ethics
approval number [10(27) 28032012] and
conducted in accordance with the Helsinki
Declaration. Each subject provided written
informed consent before providing a blood
sample.

Study design and study population

The study included 228 patients with BC
and 503 control subjects who were preme-
nopausal ethnic Pakistanis aged 20-45
years. The sample size was calculated
using OpenEpi (http://www.openepi.com/
Menu/OE_Menu.htm) with 80% statistical
power and 95% confidence intervals (95%
Cls). Patients with BC, who were randomly
selected from two tertiary hospitals in
Sindh, Pakistan from 2012 to 2015, were
histopathologically diagnosed. The medical
information (types, grades, estrogen recep-
tor, progesterone receptor, human epider-
mal growth factor receptor 2, and TNM
classification) of patients with BC was
obtained from histopathological reports
and hospital records. All healthy volunteers
were age-matched (1:2) to premenopausal
healthy subjects acquired from the general
population. Whole blood (3 mL) was col-
lected from each subject. We used a self-
structured questionnaire to acquire along
with information about personal demo-
graphics, detailed history, and BC-related
risk factors.

DNA isolation

DNA was extracted using a DNA isolation
kit (Gene JET Genomic DNA Purification
Kit, Thermo Fisher Scientific Baltics UAB,
and Vilnius, Lithuania) following the man-
ufacturer’s protocols. Samples were stored
at —86°C.

Primer selection and genotyping

VDR Tru91 (rs757343) genotyping was per-
formed using polymerase chain reaction-
restriction fragment length polymorphism
analysis. The forward primer F: 5-
GCAGGGTACAAAACTTTGGAG-3’ and
the reverse primer R: 5’-CCTCATCACCGA
CATCATGTC-3 were used” to amplify the
isolated DNA. Amplification was performed
using a thermal cycler (Veriti; Applied
Biosystems, Foster City, CA, USA) in a
final reaction volume (50 pL) containing 25
puL of 2X GoTaq Green Master Mix
(Promega, Madison, WI, USA), 4 pL of 12
pmol of both primers, 5 uL. of DNA, and 12
pL of nuclease-free water. Polymerase chain
reaction analysis was performed as follows:
94°C, initial denaturation (5 minutes); 40
cycles of denaturation at 94°C (30 s); anneal-
ing at 59°C (30 s), and extension at 72°C
(30s). The final extension was performed at
72°C for 7 minutes. The 177-bp amplicons
were digested using 5 units of Msel (37°C
for 1 hour). Amplicons and restriction frag-
ment length polymorphism fragments, which
were separated using 2.5% agarose gel elec-
trophoresis, were detected using ethidium
bromide and visualized using a ChemiDoc-
It2 imaging system with VisionWorks LS
Analysis  Software (version 7.1) (UVP,
Cambridge, UK). The results were coded as
U-u, where the Upper case letter is denoted
as the absence and lowercase letter is desig-
nated as the presence of the restriction site,
respectively. The call and concordance rates
of the VDR genotypes were 98% and 100%,
respectively. The accuracy of the genotypes
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was determined by subjecting samples ( 15
cases and 15 controls) to nucleotide sequence
analysis.

Data analysis

Statistical analysis was performed using
SPSS  software  version 22 (IBM
Corporation, Armonk, NY, USA) with sig-
nificance indicated by P <0.05. The
Shapiro-Wilk and Kolmogorov—Smirnov
tests were used to determine whether the
variables were normally distributed. The
goodness-of-fit (%) test was used to test
whether the controls exhibited Hardy—
Weinberg equilibrium to determine devia-
tion of their genotype distribution.
Comparisons between groups of VDR
Tru91 genotypic and allelic distributions
were calculated using Person’s y> test.
Odds ratios (ORs) along with 95% ClIs
were determined using binary and multino-
mial logistic regression analysis of the 7Tru91
SNP to determine the risk of BC. The sig-
nificance of ORs was determined using
Wald’s statistics and defined as P < 0.05.

Results

Characteristics of patients with BC

Patients’ characteristics are presented in
Table 1, which shows that the parameters
were not normally distributed among

Table | Characteristics of patients with BC
(N =228).

Patients

Characteristics n (%)
Affected area

Right* 123 (53.9)

Left* 99 (43.2)

Both* 6 (2.6)
Types of BC

Invasive ductal carcinoma (IDC)* 197 (93.4)

Invasive lobular carcinoma (ILC)* 13 (5.7)

(continued)

Table | Continued.

Patients
Characteristics n (%)
Ductal carcinoma in situ (DCIS)* 6 (2.6)
Others* 12 (5.2)
Grades of BC
I* 6 (2.6)
I* 164 (71.9)
Il 45 (19.7)
\% 7(3)
Both Il &lII* 2 (1.3)
None* 4 (1.7)
Immunohistochemical classification
Estrogen receptor status
Positive (0 to +9)* 126 (55.3)
Negative (— | to —2)* 34 (14.9)
Unknown 68 (29.8)
Progesterone receptor status
Positive (0 to +8)* 114 (5)
Negative (—1 to —2)* 38 (16.6)
Unknown 76 (33.33)
Human epidermal growth
factor receptor 2 status
Positive (0 to +3)* 98 (42.9)
Negative (—1 to —2)* 20 (8.7)
Unknown 110 (48.2)
TNM classification
(For invasive cases only)
Size of primary tumor (T stage)
Tx* 2 (0.8)
Tis* 4 (1.7)
TI* 0 (0)
T2* 35 (15.3)
T3* 31 (13.5)
T4* 26 (11.4)
No involvement* 199 (56.5)
Metastasis to regional lymph node
(N stage)
Nx* 6 (2.6)
NO* 23 (10)
N I 36 (15.7)
N2* 19 (8.3)
N3* 15 (6.5)
No involvement* 129 (56.5)
Distant metastasis (M stage)
Mxc* 39 (17.1)
MO* 48 (21.0)
MI* 12 (5.2)
Unknown 129 (56.5)

BC, breast cancer. *Statistically significant difference (P < 0.05,
Shapiro-Wilk or Kolmogorov—Smirnov tests).
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Table 2 VDR Tru9l genotype frequencies and associations with the risk of premenopausal BC.

Alternate BC cases Controls
Genotypes  designation  n (%) n (%) X2 P value  UOR (95% CI) AOR (95% Cl)
GG uu 179 (78.5) 398 (80) 0.238 0.888 Ref Ref
GA Uu 47 (20.6) 95 (19.1) I.1 (0.744-1.627) 1.085 (0.731-1.611)
AA uu 2 (0.88) 4 (0.8) I.112 (0.202-6.125)  1.141 (0.206-6.317)
Total 228 497
GG uu 179 (78.5) 398 (80) Ref Ref
GA+AA Uu-+uu 49 (21.4) 99 (19.6) I.101 (0.749-1.617)  1.087 (0.737-1.604)
Total 228 497
G allele U allele 405 (88.8) 891 (89.6) 0223 0.637 Ref Ref
A allele u allele 51 (111 103 (10.3) 1.089 (0.763—1.554)  1.086 (0.76—1.55)
Total 456 994

DNA was amplified from 228/228 patients’ samples and 497/503 control subjects’ samples. BC, breast cancer; UOR,
unadjusted odds ratio; AOR, odds ratio adjusted for age and time of blood collection, Cl, confidence interval.

patients according to the Shapiro—Wilk and
Kolmogorov—Smirnov tests (P < 0.01).

Association of the VDR Tru9l SNP with BC

The genotype distributions of 7ru91 among
patients (228/228) and healthy controls (497/
503) are presented in Table 2. The distribu-
tion of 7Tru9I in the control population did
not deviate (>=0.416, P>0.05) from the
Hardy—Weinberg equilibrium. There was
no significant difference (5* = 0.238) between
the VDR Tru91 genotype among patients
and controls. However, an 11.2% increase
in OR (1.112; 95% CI, 0.202-6.125) was
observed among ‘uu’ carriers compared
with ‘UU and Uu’ carriers. After adjusting
for age, the VDR Tru9l ‘uu’ genotype exhib-
ited a 14.1% increase in the OR (1.141; 95%
CI, 0.206-6.317) (Table 2).

Association of the VDR Tru9l SNP with
specific pathological characteristics of
patients with BC

We next investigated the association of the
VDR Tru91 SNP with BC risk through
immunohistochemical subtyping of BC tis-

sues and TNM classification (Table 3).
A direct association with risk of BC was

found for at least one ‘u’ allele, which was
more evident and significant for G-IV stage
carcinoma (OR, 5.36; 95% CI, 1.181-
24.338).

Relationship of the VDR Tru9l SNP and
risk factors associated with BC

The possible relationship of the Tru91 SNP
and other contributing factors to the risk of
BC are presented in Table 4. Those with the
mutant (Uu+uu) genotype along with
Sindhi and Baluchi ethnicity and marital
age greater than 20 years were at significant-
ly increased risk of developing BC; however,
there were no significant associations with
other contributing factors and BC.

Nine models of contributing factors
were prepared in which the 7Tru91 genotype
was adjusted by sequentially adding indi-
vidual contributing factors (Appendix 1).
This analysis shows that the 7ru91 ‘uw’
genotype in model 8 significantly increased
the risk of BC (OR, 1.288; 95% CI, 0.16—
10.398).

Discussion

Among Asian countries, Pakistan has the
highest incidence of BC,”” which is a
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Table 3 Associations of the VDR Tru9l single nucleotide polymorphism and risk of premenopausal BC
according to the immunohistochemical and pathological characteristics of patients with BC.

Trudl genotype

UU (GG) Uu+uu (GA+AA)
Cases/ OR Cases/
BC characteristics Controls  (95% ClI) Controls OR (95% ClI)
Types of BC
IDC 152/398  Ref 45/99 1.19 (0.799-1.774)
ILC 13/398 Ref 0/99 1.67 x 1077
(1.67 x 1077-1.67 x 1077)
DCIS 5/398 Ref 1/99 0.804 (0.93-6.96)
Other 9/398 Ref 3/99 1.34 (0.356-5.042)
Grades of BC
I 5/398 Ref 1/99 0.804 (0.093-6.96)
I 1317398  Ref 33/99 1.02 (0.66—1.578)
I 35/398 Ref 10/99 1.149 (0.55-2.399)
v 3/398 Ref 4/99 5.36 (1.181-24.338)*
I &Il 2/398 Ref 0/99 12x107°
(12%x107°-12x 107%)
Unknown 3/398 Ref 1/99 1.34 (0.138-13.02)
Immunohistochemical classification
Estrogen receptor status
Positive (0 to +9) 103/398  Ref 23/99 0.898 (0.543—1.484)
Negative (—| to —2) 25/398 Ref 9/99 1.447 (0.655-3.199)
None 51/398 Ref 17/99 1.34 (0.742-2.421)
Progesterone receptor status
Positive (0 to +8) 92/398 Ref 22/99 0.961 (0.575—1.608)
Positive (—| to —2) 30/398 Ref 8/99 1.072 (0.477-2.411)
None 57/398 Ref 19/99 1.34 (0.762-2.355)
Human epidermal growth
factor receptor 2 status
Positive (0 to +3) 78/398 Ref 20/99 1.031 (0.602—1.766)
Negative (—| to —2) 18/398 Ref 2/99 0.447 (0.102—-1.957)
None 83/398 Ref 27/99 1.308 (0.804-2.128)
TNM classification (For invasive cases)
Size of primary tumor (T stage)
Tx 1/398 Ref 1/99 4.681 (0.277-79.215)
Tis 3/398 Ref 1/99 1.281 (0.13-12.598)
Tl 0/398 Ref 0/99 NC
T2 27/398 Ref 9199 1.412 (0.639-3.121)
T3 25/398 Ref 6/99 0.896 (0.354-2.267)
T4 23/398 Ref 3/99 0.521 (0.152-1.783)
No involvement 100/398  Ref 29/99 1.135 (0.706—1.823)
Metastasize to regional
lymph node (N stage)
Nx 4/398 Ref 2/99 1.821 (0.325-10.218)
NO 20/398 Ref 3/99 0.593 (0.172-2.048)

(continued)
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Table 3 Continued.

Tru9l genotype

UuU (GG) Uu+uu (GA+AA)
Cases/ OR Cases/
BC characteristics Controls  (95% Cl) Controls OR (95% Cl)
NI 25/398 Ref 11/99 1.796 (0.847-3.806)
N2 16/398 Ref 3/99 0.737 (0.209-2.598)
N3 14/398 Ref 1/99 0.297 (0.038-2.304)
No involvement 100/398  Ref 29/99 1.134 (0.706—1.822)
Distant metastasis (M stage)
Mx 29/398 10/99 1.386 (0.654-2.94)
MO 39/398 Ref 9/99 0.928 (0.435-1.979)
M 11/398 Ref 1/99 0.365 (0.047-2.864)
No involvement 100/398  Ref 29/99 1.166 (0.73—1.862)

BC, breast cancer; Cl, confidence interval; OR, odds ratio. VDR Tru9l “Uu” and “uu” genotypes were combined, because
there were very few subjects with “uu.” ORs were calculated using multinomial logistic regression analysis adjusted for age

and time of blood collection. *P < 0.05.

heterogeneous group of diseases associated
with various risk factors. The most
common risk factor is exposure to endoge-
nous hormones such as estradiol.”®
Approximately 15% of BC is caused by
genetic changes,?® including those associat-
ed with high penetrance genes such as
BRCA 1/2.° and low-to-moderate pene-
trance genes such as checkpoint kinase-2
(CHEK2) and VDR.**>' VDR contributes
to the prevention of BC, and the vitamin D/
VDR complex induces apoptosis, reduces
angiogenesis, proliferation, and invasion
and increases cell differentiation.*>
Evidence indicates that the VDR medi-
ates most of the activities of vitamin D.
Analyses of common VDR SNPs (Fokl,
Bsml, Apal, Taql, and Poly-A) show asso-
ciations between VDR SNPs and BC,
although the results are inconsistent
among different types of exposure.?%->%:33-34
The Fok1 ‘ff” genotype may increase the risk
of BC.***® However, evidence suggests that
Fok1 significantly correlates with human
epidermal growth factor receptor 2
status® and is significantly associated with

estrogen receptor status of patients with
BC.*” One study shows that the Bsml ‘b’
allele is associated with risk of BC:%°
although another study reports the opposite
results.”> To our knowledge, the present
study is the first to determine the associa-
tion of the low penetrance VDR Tru91 poly-
morphism with premenopausal BC. The
VDR Tru9l is caused by an A to G substi-
tution that was first identified in 2000.*®
VDR Tru9l resides in intron 8, +443-bp
from the end of exon 8, and may be
involved in the regulation of gene expres-
sion through its affect on enhancer affinity
and target area.”

The present study shows that the Tru91
mutant ‘uu’ genotype was associated with
an increased risk of developing premeno-
pausal BC. There are few association stud-
ies of Tru9l in other diseases such as
coronary heart disease (CHD), colorectal
adenoma, and prostate cancer.?¢>%4
However, Tru91 is not associated with
CHD?’ and prostate cancer*® among the
Chinese Han population, whereas 7ru9l1
lowers the risk of colorectal carcinoma
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among women living in North Carolina.*®
We show further that mutant 77491 may be
associated with the development of Grade
IV carcinoma, whereas another study
shows the opposite relationship with colo-
rectal adenoma, which is more pronounced
for multiple, larger, and sessile adenomas,
and perhaps with dysplasia.?®

This study has certain limitations. First,
the sample size was relatively small. Large-
scale studies are therefore required to sup-
port our conclusions. Second, we did not
study environmental factors including diet
and lifestyle, which may modify the associ-
ation between the VDR Tru91 polymor-
phism and BC. Finally, other VDR SNPs
and serum vitamin D levels were not stud-
ied. However, further research is required
to confirm our findings and explore the pos-
sible mechanisms of BC underlying the
association of VDR Tru91 with oncogenesis
to facilitate the development of more effec-
tive treatment.

We conclude that the VDR Tru91 ‘uw’
genotype may predict a high risk for preme-
nopausal BC.
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Appendix | Association of the Tru9l single nucleotide polymorphism with early onset BC after adjustment
for multiple contributing factors.

Beta 95% Cl
coefficient
Models  Contributing factors ) Wald  Pvalue OR Lower Upper
Model 8  Tru9l uu 0.253 0.057 0.8I12 1288 0.16 10.398
Tru9l Uu 0.074 0.078 0.78 1.076 0.642 1.805
Age 27-33 years —21.417 0.000 0.999 0.000 0.000 NC
Age 3440 years —21.577 0.000 0.999 0.000 0.000 NC
Age 4145 years —22.593 0.000 0.998 0.000 0.000 NC
Marital age 20-30 years 0.854 10.332 0.001* 2349 1.39% 3.955
Marital age >30 years 2917 10.134 0.001* 18492 3.068 111.444

(continued)
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Continued.
Beta 95% ClI
coefficient
Models  Contributing factors ) Wald  Pvalue OR Lower Upper
Age at first live birth —0.435 2616 0.106 0.647 0.382 1.097
20-24 years
Age at first live birth 25-29 years ~ —0.457 1.546 0214 0.633 0.308 1.301
Age at first live birth >29 years —0.044 0.025 0.873 0.957 0.554 1.653
No lactation NC NC NC NC NC NC
Age at menarche >14 years 0.025 0.004 0.951 1.025 046 2.287
Age at menarche <12 years 0.236 0.541 0462 1.266 0.676 2.372
BMI >18.5 kg/m? 0.527 1.493 0.222 1.694 0.727 3.944
BMI 23.1-27 kg/m? 0.149 0.282 0.595 .16  0.67 2.009
BMI >27 kg/m? 0.329 1217 027 1.39  0.774 2.496
WHR 0.8-0.85 —1.315 9.386 0.002* 0269 O0.l116 0.623
WHR >0.85 0.813 6.885 0.009* 2254 1.228 4.137
OC use 0.437 1.761 0.185 1.548 0.8I2 2.953

BC, breast cancer; BMI, body mass index; WHR, waist to hip ratio; OC, oral contraceptive use; HRT, hormone
replacement therapy. Significant association (Wald’s statistics); P < 0.05. Data are shown only for model 8.
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