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polymorphisms is thought to be crucial to detect and
make approaches targeting groups at risk for breast
cancer (BC). Moreover, an understanding of genetic
susceptibility can allow us to foresee several risk factors.
The objective of our research is to evaluate the T to C
base shift within Taql (rs731236) in exon 9 and the A to
G transition within Bsm1 (rs1544410) in intron 8 of the
VDR gene as risk factors among BC patients.

Methods: The study involved 150 BC patients with a
definite histological diagnosis. Controls were age-
matched. DNA samples of Taql and Bsm1 were ampli-
fied according to the programmed protocol using a
thermal cycler. The amplified PCR products were diges-
ted with Taql and Bsml restriction endonuclease en-
zymes. RFLP fragments were observed under UV light
using 2% agarose gel and 0.5 ug/mL Ethidium bromide.

Results: The highest number of BC patients (32.7%)
were in the 36 to 45 age group. Ethnicity and parity were
found to be statistically significant. Taql polymorphisms
showed the highest genotypic frequency for TC (Tt) at 49
(32.7%), and there were 18 patients (12.0%) and controls
with high statistical significance (OD 3.6, CI 2—6.4) and a
p-value < 0.0001. However, for the Bsm1 genotype, the A
(B) allele may be linked with protection from BC in in-
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dividuals with the AA (BB) genotype.

Conclusion: A positive association was found between
VDR genotypes and BC in a collective assay of Taql and
Bsml. These results need further authentication in large
cohort studies prior to applying these SNPs as promising
BC markers in the Pakistani populace.
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Introduction

Breast cancer (BC) is the most frequently occurring car-
cinoma among females. It is the second most common cause
of cancer mortality worldwide within the age range of 15—
54." BC is the most prevalent and frequently diagnosed
malignancy, with 119,710 cases, according to an assessment
of the 5-year incidence rate, and 34,038 newly diagnosed
patients as well as 16,232 fatalities in the year 2012 in
Pakistan.” BC is the most prevalent carcinoma not only in
Asia but also around the globe. In the Western world, due
to superior screening programs, BC is mainly detected in
its early stages, allowing for timely treatment. However, in
our region, due to poor health care facilities and lack of
awareness regarding screening and self-examination pro-
tocols, this malignancy is the primary cause of most regional
cancer-related deaths. According to Globocan, approxi-
mately 2.3 million new cases were reported in the year 2020,
representing 11.7% of all cancer cases. BC accounts for 1 in 4
cancer cases and 1 in 6 cancer deaths, ranking first for inci-
dence in the vast majority of countries (159 of 185 countries).
The highest mortality rates are found in Melanesia, Western
Africa, Micronesia/Polynesia, and the Caribbean (where
Barbados has the world’s highest BC mortality rate).
Extensive research has revealed that 20%—30% of new BC
cases are associated with factors that can be characterised as
hormonal or nonhormonal including inherent causes like
age, sex, race, family history, benign breast disease, and ge-
netic makeup. Genetic polymorphisms may play a pivotal
role in carcinogenesis.” Each of these creates a separate
parameter and remains constant during an individual’s life.
The most significant ones are age (i.e. being 40 years and
older), history of breast disease, BC in a close blood
relative, early age at menarche, birth of first child after age
35, menopausal age, and European population. The
likelihood of BC increases by 3% with each 1-year delay in
menopause. Every year of delay in menarche or each addi-
tional birth decreases the risk of BC by 5% or 10%,
respectively.”> High dietary consumption of treated red meat
has been studied for links to DNA damage, gene mutation,
chromosomal damage, and epigenetic effects, genotoxicity,
oxidative stress stimulation, and modified cell proliferation,
cell death, and nutrient support.® Familial BC is a cluster
of BC within a family. However, in approximately 75%—
80% of females, no risk factor is found, and most cases
occur sporadically.7 Around 20% of patients have a family
history of BC, and 5%—10% are hereditary BCs, showing
germline mutation within BRCA1, BRCA2, TP53, or
PTEN.®’ It is essential to validate these BC susceptibility
genes and assess the magnitude of the related risks.'? It is
most likely that nonhormonal risk factors, along with

common allelic variants of various genes, contribute to the
development of BC. Low-penetrance susceptibility alleles,
also known as ‘modifier genes’, have definitive alleles that are
linked with modified risk or disease predisposition.” One
such low penetrance gene is the vitamin D receptor (VDR)
gene, which has many allelic variants. 12

The majority of the recognised functions of vitamin D are
facilitated via the attachment of the active type of vitamin D
to the VDR, which, being a ligand binding inducible tran-
scriptional factor, is expressed in the majority of tissues,
including in normal breasts and most BCs. The effective
function of VDR genotypes Bsml, Taql, and Fokl is still
obscure."”  Common genetic polymorphisms of VDR
generate variants that differ among racial groups.'* The
VDR gene holds several genetic polymorphisms at exon 2,
9, intron 8, and the 3'UTR region; researchers often
investigate VDR-FoklI (rs2228570), VDR-Bsml
(rs1544410), and VDR-Tagql (rs731236).

Vitamin D and its new generation analogue are recog-
nised as preventative and therapeutic mediators for BC."
The appraisement of VDR polymorphisms is thought to be
crucial to detect and make policies for targeting at risk
groups. The objective of the current research was to
evaluate whether the T to C base shift within Taql
(rs731236) in exon 9 and the A to G transition within
Bsm1 (rs1544410) in intron 8 of the VDR gene were risk
factors in a samples of BC patients.

Materials and Methods

Recruitment of study participants

One hundred and fifty BC patients with a definite diagnosis
participated in this study. Patients were selected from the
breast clinic at the Jinnah Postgraduate Medical Centre and
the Baitul Sukoon cancer hospital in Karachi. Controls were
age-matched with the patients’ age distribution by 5-year age
groups; patients had no blood relative with a history of any
malignancy (n = 150). Clinicopathological data regarding the
tumour characteristics of the primary BC were obtained from
medical records (tumour types, grades, ER, PR, Her2, and
TNM classification). All materials used in the study were
procured by Thermo-Fisher Scientific and Promega (USA).

(i) Cases of invasive BC proved by tissue biopsy and (ii)
patients who consented to provide tissue and blood
samples were included. Participants without a family
history of BC and those who were not willing to give
consent or had any other malignancy (in their history)
were excluded.

Sample collection

Whole blood samples were drawn before surgery and any
chemotherapy treatment. Five ml non-fasting blood samples
were collected in EDTA tubes (ethylenediaminetetraacetic
acid). For genomic DNA extraction, peripheral blood was
used by Chelex® 100 Resin (www.bio-rad.com).

Spectrophotometric measurement of DNA concentra-
tions was performed on Nanodrop 2000 (Thermo Scientific,
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USA). DNA extraction samples were stored at —80 °C
before analysis.

Primer selection and genotyping

DNA samples of Taql and Bsml were amplified ac-
cording to the programmed protocol using a thermal cycler
(BIOER XP). Optimised pairs of primer were used for the
VDR gene (Taql and Bsml), as previously reported.](”]7
Amplification was performed using polymerase chain
reaction (PCR) in 25 pL final reaction volume, mainly
using Go Taq Green Master Mix, as per the
manufacturer’s protocols (Promega, USA). Amplification
products for both Taql and Bsml were separated by size
on a 2% agarose gel electrophoresis stained with ethidium
bromide and visualised under a UV light Gel Doc system.
The size of the digested products was established using
50 bp and 100 bp molecular markers on the DNA ladder.
The amplified products for Taql and Bsml were 501 bp
and 461 bp, respectively; fragments contained the genotype
variant site. Single nucleotide polymorphisms Taql and
Bsml of the VDR gene were perceived via restriction
enzyme digestion employing Taql and Bsml endonuclease
digestion (Thermo Scientific). RFLP fragments were
separated using 2% agarose gel. Primer sequence and
reaction conditions are shown in Table 1.

SNP type and site, sequence of primer pair used for PCR
amplification, undigested PCR products, restriction en-
zymes, incubation temperature, and allele size (bp) are
summarised in Table 1.

Results
Questionnaire

History concerning age, ethnicity, age at menarche, age at
menopause, number of children, and account of breastfeed-
ing was collected. To ascertain the outcomes of these vari-
ables, a binomial logistic regression was done on the
probability that participants may have BC. These are the

Table 1: PCR cycling conditions.

estimated multinomial logistic regression coefficients for the
model. Two (parity and ethnicity) out of six predictor vari-
ables were found to be statistically significant (Table 2). The
parity range for cases and controls was 0—>9, with a mean of
3 for cases and a mean of 1 for controls (see Figures 1 and 2).

Statistical analysis

Data were evaluated using IBM SPSS Statistics for
Windows, Version 21.0. Armonk, NY: IBM Corp. Chi-
square tests were applied for evaluating the association be-
tween Bsm1 and Taql genotype polymorphism and clinico-
pathological parameters. Binary logistic regression was
applied between predictors (risk factors) and outcome vari-
able. A p-value less than 0.05 was considered statistically
significant.

A binomial logistic regression model was applied to deter-
mine the influence of age, ethnicity, age at menarche, history of
menopause, history of breastfeeding, and parity to determine
the possibility of participants having BC. The logistic regression
model was statistically significant, Xz (7) = 115, p=0.001).
Among the ethnic groups, Urdu speaking patients had 1.4 times
higher odds of breast carcinoma. Increased parity was associ-
ated with 3 times higher odds of exhibiting BC than havinglesser
parity.

The highest number of the BC patients (32.7%) were in
the 36 to 45 age group. There were four patients who were
below age 25 and 9 participants who were above age 65
years. A total of 55.3% were postmenopausal women.
Parity status showed a maximum of 4—6 children (32%),
whereas 49 (32.7%) controls had 1—3 children. More than
60.0% of the BC patients had a left side unilateral tumour,
50.7% had Grade 2, and 42.0% had a stage 2 tumour. The
Bsml and Taql genotypes were correlated with histo-
pathological tumour characteristics. A statistically signifi-
cant association was not detected for any of the studied
tumour parameters.

In our research, immunohistochemical analysis revealed
that most of the BC cases were ER+ 91(60.7%) and PR+ 77
(51.3%), with more HER2/neu negative, 92 (61.3%).

Exon 9
(T/C)

VDR/Taql
(rs731236)
(Torok R, 2013)!°

VDR/Bsml
(rs1544410)
(Bagheri et al., 2012)"7

Intron 8 (A/G)

5'-cagagcatggacagggagcaa-3’
5'-cacttcgagcacaaggggcgttage-3’/

PCR program: x35:95 °C 60 s,

63 °C- 60 s

72 °C- 60 s

Uncut PCR product: 501 bp
Restriction enzyme: Incubation
Temperature:

Taql, 65 °C

Alleles: T:501, Allele C: 295 + 206 (bp)
5'-ggcaacctgaagggagacgta-3’
5'-ctctttggacctcatcaccgac-3’

PCR program: x35: 95 °C 60 s, 67 °C 60 s,
72°C 60 s

undigested PCR product: 461 (bp)
Restriction enzymes: Incubation
temperature: Bsml, 37 °C

Alleles: Allele A: 461, Allele G:

258 + 203 (bp)
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Table 2: Logistic regression predicting likelihood of breast cancer placed on age, ethnicity, age of menarche, pre- and postmenopausal
status, parity, and history of breastfeeding.

B S.E. Wald d p-value 95% CI of Odds ratio
Lower Upper

Age —.265 .201 1.743 1 187 517 1.137
Ethnicity 357 .090 15.765 1 .000 1.198 1.705
Menarche 135 .143 .880 1 .348 .864 1.515
History of menopause 791 450 3.088 1 .079 913 5.331
Parity 1.062 201 27.858 1 .000 1.950 4.291
History of breastfeeding —.207 .346 .359 1 .549 413 1.601
Constant —3.583 1.933 3.435 1 .064

p-value < 0.05 was considered statistically significant.

461bp

258bp

203bp

GG AA AG AG AA GG GG GG

Figure 1: RFLP analysis of Bsml gene polymorphism. Lanes (1, 8, 9, 10) GG genotype. Lanes (4, 7) AA genotype. Lanes (5, 6) AG
genotype. Lane (12): 100 bp DNA ladder.

cC TC TT T TC TT TC TC CC

Figure 2: RFLP analysis of Taql gene polymorphism. Lanes (2, 6, 8, 9) TC genotype. Lane (1, 10) CC genotype. Lanes (3, 5, 7) TT
genotype. Lane (12): 50 bp DNA ladder.

Table 3: Genotypic and allelic frequencies of Bsm1 polymorphism in breast cancer patients and healthy controls.

Bsml genotype Breast cancer patients Healthy controls 95% CI of Odds R p-value
n-150 (%) n-150 (%)

AA(BB) 40 (26.7) 61 (40.7) 0.53 (0.32—0.8) 0.001
AG(Bb) 37 (24.7) 51 (34) 0.6 (0.4—1.1) 0.007
GG (bb) 28 (18.7) 13 (8.7) 2.4 (1.2-4.9) 0.001
Alleles

A(B) 77 (51.3) 112 (74.7) 0.4 (0.21—-0.58) 0.001
G(b) 28 (18.7) 13 (8.7) 2.4 (1.2-4.9) 0.011

p-value < 0.05 was considered statistically significant.
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Table 4: Genotypic and allelic frequencies of TAQ1 polymorphism in breast cancer patients and healthy controls.

Taql genotype Breast cancer Patients Healthy controls Odds R (95% CI) p-Value
n = 150 (%) n = 150 (%)

CC (tt) 12 (8) 14 (9.3) 0.84 (0.3—1.9) 0.680
TC(Tt) 49 (32.7) 18 (12) 3.6 2—6.4) 0.001
TT(TT) 23 (15.3) 15 (10) 1.6 (0.8—3.3) 0.170
Alleles

C(t) 12 (8) 14 (9.3) 0.84 (0.3—1.9) 0.680
T(T) 72 (48) 33 (22) 3.3(2-5.4) 0.001

p-value < 0.05 was considered statistically significant.

The VDR BSMI and Taql polymorphisms in our pa-
tients and control groups are depicted in Tables 3 and 4.

Bsm1 (A/G) polymorphisms located at the 3’ end of the
VDR gene have the following genotypes: BB, Bb, and bb.
The presence of a given restriction site was designated by
lower case (b), while absence was designated by upper case
(B).'® Regarding VDR polymorphism Bsml (rs154440), in
both cases and controls, the genotype AA (BB) is
statistically significant, with frequencies of 40 (26.7%), 61
(40.7%), and (OD 0.53, CI 0.32—0.8), and a p-
value < 0.01. Similarly, allele A (B) is highly significant,
with a p-value < 0.0001. The A (B) allele may be linked
with reduced BC risk in individuals with the AA (BB)
genotype. However, Taql (rs731236) polymorphism
analysis shows that CT (Tt) heterozygous is statistically
significant, with frequencies of 49 (32.7%), 18 (12%), and
(OD 3.6, CI 2—6.4), and a p-value < 0.0001, as a result of
the TC genotype and the T allele being considered risk
factors for BC.

Discussion

BC is a malignant disease. Its etiopathogeneses may
comprise many genetic and ecological factors, along with
several molecular signalling pathways. Age is the most
important risk factor, along with gender. Race is a significant
inherent factor increasing the incidence of BC.!” Ethnic
variants and genetic disparities have been studied amongst
populations, as no two individuals are genetically the same.
In any given population, multiple variants of a single gene
can exist. Ethnic discrepancies are also noted in VDR
polymorphisms.lg’m Our study specifies the potential role
of ethnic variances, together with other factors like living
conditions and dietary practices that may contribute
simultaneously. Although there has been advancement in
the diagnosis and treatment of BC, ethnic discrepancies
have continued for many years. Karachi is a cosmopolitan
city comprising multi-linguistic people not only from
Pakistan but also immigrants from the rest of the world.
Nevertheless, our research is restricted to catchment areas
near two oncology hospitals. Therefore, ethnic variance was
justified. The majority of cases and controls belonged to the
Urdu speaking ethnic group (53.3% and 36%), in accor-
dance with other studies.”’ > The ethnic groups were
differentiated from each other by multiple factors. These
included socioeconomic status, geographical variations,

lifestyle, and genetic makeup.24 A study conducted on BC
in Baluchistan showed that the Pashtun ethnic group was
highly affected by BC, with ages ranging from 41 to 50.%
Thus, ethnicity diversity might be recognised in future as a
BC risk factor in our setup. In our region, early marriages
are common, along with young age at the time of first
childbirth, multiparity, and breastfeeding all children for
an extended period. However, we found that cancer
patients breastfed their children more often in contrast to
controls, that is, 64% and 37.3%, respectively. In our
society, women usually have more children than women in
Western countries. This could be the reason for the low
prevalence of BC in our population compared with the
West. On the contrary, it was also reported that
multiparity appeared to increase the threat of ER/PR/
HER?2 negative BC.”® However, the study27 also revealed
that parity increases the risk of hormone receptor-negative
BC, whereas breastfeeding lowers the risk or lessens the
unfavourable effect of parity. This is inconsistent with the
current research; we had more hormone positive and HER2/
neu negative tumours. Various researchers have reported the
controversial issues of parity and breastfeeding in the liter-
ature, predominantly the duration of breastfeeding and the
number of parities. Certain researchers had revealed that
single parity can decrease BC risk.”® Furthermore, Dall
et al.* suggested that parity in younger pregnancies could
decrease the risk of BC. Hence, the soaring incidence of
BC in Pakistan has yet to be elucidated. It cannot be
deduced that breastfeeding alone can decrease the risk of
BC because of the involvement of other confounders.
These include parity, adiposity, and anovulation.”

In the current study, statistically significant correlation
was not observed between ER, PR, and Her 2 Neu expres-
sion and clinicopathological parameters comprising tumour
size, type, grade, lymph nodes, and the presence of distant
metastases, as indicated in the results of previous studies.’®!
Currently, there is a scarcity of data on knowledge of low-
penetrance genetic variants with oncogenesis of breast car-
cinoma. SNPs were found to be highly prevalent throughout
the genome. Furthermore, high unpredictability makes these
useful genetic markers beneficial for disease Vulnerability.32
SNPs of the VDR gene were studied in two areas of this
gene: an SNP in exon 9 (rs731236), known as Taql RFLP,
and an SNP at intron 8 called Bsm1 (rs1544410). In this
population-based case—control study, we detected BC as-
sociation  with  selected vitamin D-related gene
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polymorphisms, mainly Bsm1 (rs154440). The current data
revealed that in individuals with the AA (BB) genotype, the
A (B) allele can be associated with some degree of protection
from BC. Similar findings were reported by Shahbazi et al.
and Hashemi et al.*** regarding Bsml GG (bb) or even the
AG (Bb) genotype. GG (bb) and G (b) were the second most
common genotype and allele in the current research, with
percentages of 18.7% and 8.7%, respectively, an OR of 2.4
(1.2—49 CI), and a p-value < 0.01. This made it a
potential risk factor of BC. This finding is similar to those
of Rashid et al. and Buyru et al.*>® However, studies on
Chinese and Pakistani populations did not report any link
between Bsml VDR polymorphism and risk of BC
incidence.'®’ In contrast to our findings, Utterlinden
et al.”! reported the low incidence of the B allele of Bsml
in the Asian population (7%) as compared to Caucasians
(42%) and the African populace (36%).

For Taql polymorphisms, our samples revealed that TC
(Tt) had the highest genotypic frequency at 49 (32.7%) for
cases and 18 (12%) for controls, with strong statistical sig-
nificance (OD 3.6, CI 2—6.4) and a p-value < 0.0001. These
results indicate that this genotype is a robust source for BC
development. In keeping with our study, several studies have
shown the frequent involvement of the heterozygous geno-
type TC (Tt) as genotype 71 (55%).38’39’36 As indicated in the
literature, it can be deduced that the T allele is a ‘threat
allele’, whereas the t allele can be a ‘defensive allele’.*
Overall, Mozaffarizadeh et al. produced the same results as
ours, with Taql polymorphism displaying a significant
association with BC risk. VDR Taql RFLP appears to be
linked with BC development. We also found increased
prevalence of the Tt genotype in BC patients compared
with the healthy controls.

Certain findings of the current research can postulate the
probability of females acquiring breast carcinoma. The
research can also contribute to monitoring for new-found
breast tumours, relapse, or distant metastasis, and further
evaluating whether ‘at-risk’ genotypes are related to risk and
disease progression.

Conclusion

There appears to be a positive association between the
studied VDR genotypes and BC in a collective assay of Taql
and Bsml. Thus, VDR may be identified as essential for BC
prevention. These results require further authentication in
large cohort studies before the SNPs are applied as promising
BC markers in the Pakistani populace. There was a limita-
tion in our study that we were unable to acquire family his-
tory of controls.

We have demonstrated a positive association between
VDR genotypes and BC in a collective assay of Taql and
Bsml. However, further studies are needed for validation.
We recommend incorporating multiple techniques such as
western blotting for its validation.

Source of funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit
sectors.

Conflict of interest

The authors have no conflict of interest to declare.

Ethical approval

The study was conducted in agreement with the Decla-
ration of Helsinki, as amended in 2013, for research relating
to human subjects. The study protocol was initially assessed
and later endorsed by the Ethics Review Committee at
Ziauddin University (Reference No: 0450612SPath), and all
participants signed written informed consent before in-
terviews and blood collection.

Authors contributions

This work was carried out through collaboration
among all authors. FS and SA were involved in the
conception of the idea and study design. MA performed
data collection and bench work. FS supervised the project.
SA and FS wrote the protocol of procedures and finalised
the manuscript. SA performed the statistical analysis. FS
and MA managed the literature searches. All authors have
critically reviewed and approved the final draft and are
responsible for the content and similarity index of the
manuscript.

References

1. Atoum MF, Al-Khatib YM. Association between serum 25-
hydroxy vitamin D concentration and Taql vitamin D recep-
tor gene polymorphism among Jordanian females with breast
cancer. Chin Med J 2017; 130: 1074—1078. https://doi.org/
10.4103/0366-6999.204933.

2. Sarwar MR, Saqib A. Cancer prevalence, incidence and mor-
tality rates in Pakistan in 2012. Cogent Med 2017; 4: 1288773.

3. Wang LY, Zhang P, Wang H. Association of vitamin D re-
ceptor gene polymorphisms with end-stage renal disease and the
development of high-turnover renal osteodystrophy in a Chi-
nese population. Genet Mol Res 2016; 15: 1-8.

4. Dall GV, Britt KL. Estrogen effects on the mammary gland in
early and late life and breast Cancer risk. Front Oncol 2017; 7:
110.

5. Horn J, Vatten LJ. Reproductive and hormonal risk factors of
breast cancer: a historical perspective. Int J Womens Health
2017; 9: 265—272.

6. Smith MT, Guyton KZ, Gibbons CF, Fritz JM, Portier CJ,
Rusyn I, et al. Key characteristics of carcinogens as a basis for
organizing data on mechanisms of carcinogenesis. Environ
Health Perspect 2016; 124(6): 713—721.

7. Kaminska M, Ciszewski T, Lopacka-Szatan K. Breast cancer
risk factors. Prz Menopauzalny 2015; 14: 196—202.

8. Economopoulou P, Dimitriadis G, Psyrri A. Beyond BRCA:
new hereditary breast cancer susceptibility genes. Cancer Treat
Rev January 2015; 41(1): 1-8.

9. Terui-Kohbata H, Yoshida M. Current condition of genetic
medicine for hereditary breast cancer. Mol Clin Oncol 2017; 7:
98—102.

10. LiJ, Meeks H, Feng BJ. Targeted massively parallel sequencing
of a panel of putative breast cancer susceptibility genes in a
large cohort of multiple-case breast and ovarian cancer families.
J Med Genet 2016; 53: 34—42.

11. Martin AM, Weber BL. Genetic and hormonal risk factors in
breast cancer. J Natl Cancer Inst 2009; 92: 1126—1135.



https://doi.org/10.4103/0366-6999.204933
https://doi.org/10.4103/0366-6999.204933
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref2
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref2
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref3
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref3
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref3
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref3
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref3
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref4
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref4
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref4
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref5
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref5
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref5
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref5
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref6
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref6
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref6
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref6
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref6
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref7
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref7
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref7
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref7
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref7
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref8
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref8
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref8
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref8
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref9
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref9
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref9
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref9
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref10
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref10
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref10
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref10
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref10
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref11
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref11
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref11

700

Hormonal and genetic risk factors for breast cancer

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Shahabi A, Alipour M, Safiri H. Vitamin D receptor gene
polymorphism: association with susceptibility to early-onset
breast cancer in Iranian, BRCA1/2-mutation carrier and non-
carrier patients. Pathol Oncol Res 2018; 24: 601—607.
El-Shorbagy HM, Mahmoud NH, Sabet S. Association of
vitamin D receptor gene polymorphisms with breast cancer risk
in an Egyptian population. Tumour Biol 2017; 39(10): 1-9.
https://doi.org/10.1177/1010428317727738.

Haussler MR, Whitfield GK, Kaneko I. Molecular mechanisms
of vitamin D action. Calcif Tissue Int 2013; 92: 77—98.
Palacios C, Gonzalez L. Is vitamin D deficiency a major global
public health problem? J Steroid Biochem Mol Biol 2014; 144:
138—145.

Raza S, Jahaan R, Dhasmana A, Lal M, Bhatt B, Lohani M,
et al. Vitamin D receptor gene BSM [ polymorphism and risk of
breast cancer. Biochem Cell Arch 2017; 17(2): 657—663.

Ban KA, Godellas CV. Epidemiology of breast cancer. Surg
Oncol Clin N Am 2014; 23: 409—422.

Uitterlinden AG, Fang Y, Van Meurs JB, Pols HA. Genetics
and biology of vitamin D receptor polymorphisms. Gene 2004;
338: 143—156.

Malik TA. Clinico-pathological features of breast cancer in
Pakistan. J Pak Med Assoc 2002; 52: 100—104.

Hasan A, Mohib M. Urban slums reports: the case of Karachi,
Pakistan. In: Understanding slums: case studies for the global report
on human settlements. Karachi: City Press; 2003. pp. 1—32. http://
www.ucl.ac.uk/dpu projects/Global Report/pds/Karachi.
Shaukat U, Ismail M, Mehmood N. Epidemiology, major risk
factors and genetic predisposition for breast cancer in the
Pakistani population. Asian Pac J Cancer Prev 2013; 14: 5625—
5629.

Yousafzai A, Ahmed N, Lugman M, Naseeb K, Hashmi N,
Rani K, et al. Clinical presentation and lifestyle related risk
factors of breast cancer among different age and ethnic groups.
Indo Am J Pharm Sci 2017; 4(11): 4464—4475. https://doi.org/
10.5281/zenodo.1066638.

Arshad S, Rehman M, Abid F, Yasir S, Qayyum M, Kanwal
Ashiq K, et al. Current situation of breast cancer in Pakistan with
the available interventions. Int J Biol Sci IJB 2019; 14(6): 232—240.
Alluri P, Newman LA. Basal-like and triple negative breast
cancers: searching for positives among many negatives. Surg
Oncol Clin N Am 2014; 2(3): 567—577.

Fortner RT, Sisti J, Chai B, Collins LC, Rosner B,
Hankinson SE, et al. Parity, breastfeeding, and breast cancer
risk by hormone receptor status and molecular phenotype: re-
sults from the Nurses” Health Studies. Breast Cancer Res 2019;
21: 40. https://doi.org/10.1186/s13058-019-1119-y.

Babalou A. The association of parity and breastfeeding with
breast cancer: a review. Health Sci J 2017; 11: 1.

Anstey EH, Shoemaker ML, Barrera CM, O’Neil ME,
Verma AB, Holman DM. Breastfeeding and breast cancer risk
reduction: implications for black mothers. Am J Prev Med 2017
September; 53(3 Suppl 1): S40—S46. https://doi.org/10.1016/
j.amepre.2017.04.024.

Fatima S, Faridi N, Gill S. Breast cancer: steroid receptors and
other prognostic indicators. J Coll Physicians Surg Pak 2005;
15: 230—233.

29

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

. Mudduwa LK. Quick score of hormone receptor status of

breast carcinoma: correlation with other clinicopathological
prognostic parameters. Indian J Pathol Microbiol 2009; 52:
159—163.

. Bid HK, Mishra DK, Mittal RD. Vitamin-D receptor (VDR)

gene (Fok-I, Taq-I & Apa-I) polymorphisms in healthy in-
dividuals from North Indian population. Asian Pac J Cancer
Prev 2003; 6: 147—152.

McKay JD, McCullough ML, Ziegler RG. Vitamin D receptor
polymorphisms and breast cancer risk: results from the Na-
tional Cancer Institute Breast and Prostate Cancer Cohort
Consortium. Cancer Epidemiol Biomarkers Prev 2009; 18: 297—
305.

Newcomb PA, Kim H, Trentham-Dietz A. Vitamin D receptor
polymorphism and breast cancer risk. Cancer Epidemiol Bio-
mark Prev 2002; 11: 1503—1504.

Shahbazi S, Alavi S, Majidzadeh-A K. Bsml but not FokI
polymorphism of VDR gene is contributed to breast cancer.
Med Oncol 2013; 30: 393.

Hashemi SM, Arbabi N, Hashemi M, Mashhadi MA,
Allahyari A, Sadeghi M, et al. Association between VDR gene
polymorphisms (rs 1544410, rs 7975232, rs 2228570, rs 731236
and rs 11/568820) and susceptibility to breast cancer in a sample
of southeastern Iranian population. Int J Cancer Manag 2017;
10(3):e8807. https://doi.org/10.5812/ijcm.8807.

Rashid MU, Muzaffar M, Khan FA, Kabisch M,
Muhammad N, Faiz S. Association between the Bsml poly-
morphism in the vitamin D receptor gene and breast cancer
risk: results from a Pakistani case-control study. PLos One
2015; 10: e0141562.

Buyru N, Tezol A, Yosunkaya-Fenerci E. Vitamin D receptor
gene polymorphisms in breast cancer. Exp Mol Med 2003; 35:
550—555.

Chakraborty A, Mishra AK, Soni A. Vitamin D receptor gene
polymorphism(s) and breast cancer risk in north Indians.
Cancer Detect. Prev 2009; 32: 386—394.

Bhanushali AA, Lajpal N, Kulkarni SS. Frequency of FokI and
taql polymorphism of vitamin D receptor gene in Indian pop-
ulation and its association with 25-hydroxyvitamin D levels.
Indian J Hum Genet 2009; 15: 108—113.

Khan MI, Bielecka Z, Najm MZ, Bartnik E, Czarnecki JS,
Czarnecka AM, et al. Vitamin D receptor gene polymorphisms
in breast and renal cancer: current state and future approaches.
Int J Oncol 2014; 44(2): 349—363. https://doi.org/10.3892/

j0.2013.2204.
Mozaffarizadeh H, Hakimian M, Salehi M, Behjati M,

Keshvari M, Mokarian F, et al. The relationship between
breast cancer and VDR gene polymorphisms. Arch Breast
Cancer 2018; 5(1): 26—31. https://doi.org/10.19187/
abc.20185126-31.

How to cite this article: Shaikh F, Alamgir M, Ahmed S.
Hormonal and genetic risk factors for breast cancer in a
subset of the Karachi population. J Taibah Univ Med Sc
2022;17(4):694—700.



http://refhub.elsevier.com/S1658-3612(22)00025-7/sref12
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref12
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref12
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref12
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref12
https://doi.org/10.1177/1010428317727738
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref14
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref14
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref14
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref15
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref15
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref15
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref15
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref16
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref16
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref16
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref16
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref17
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref17
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref17
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref18
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref18
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref18
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref18
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref19
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref19
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref19
http://www.ucl.ac.uk/dpu%20projects/Global%20Report/pds/Karachi
http://www.ucl.ac.uk/dpu%20projects/Global%20Report/pds/Karachi
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref21
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref21
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref21
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref21
https://doi.org/10.5281/zenodo.1066638
https://doi.org/10.5281/zenodo.1066638
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref23
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref23
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref23
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref23
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref24
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref24
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref24
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref24
https://doi.org/10.1186/s13058-019-1119-y
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref26
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref26
https://doi.org/10.1016/j.amepre.2017.04.024
https://doi.org/10.1016/j.amepre.2017.04.024
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref28
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref28
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref28
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref28
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref29
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref29
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref29
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref29
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref29
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref30
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref30
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref30
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref30
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref30
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref31
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref31
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref31
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref31
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref31
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref32
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref32
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref32
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref32
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref33
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref33
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref33
https://doi.org/10.5812/ijcm.8807
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref35
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref35
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref35
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref35
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref35
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref36
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref36
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref36
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref36
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref37
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref37
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref37
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref37
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref38
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref38
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref38
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref38
http://refhub.elsevier.com/S1658-3612(22)00025-7/sref38
https://doi.org/10.3892/ijo.2013.2204
https://doi.org/10.3892/ijo.2013.2204
https://doi.org/10.19187/abc.20185126-31
https://doi.org/10.19187/abc.20185126-31

	Hormonal and genetic risk factors for breast cancer in a subset of the Karachi population
	Introduction
	Materials and Methods
	Recruitment of study participants
	Sample collection
	Primer selection and genotyping

	Results
	Questionnaire
	Statistical analysis

	Discussion
	Conclusion
	Source of funding
	Conflict of interest
	Ethical approval
	Authors contributions
	References


