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ABSTRACT

Sulfotransferases (SULTs) family plays a significant role in the biotransformation of xenobiotics
and endogenous carcinogenic and mutagenic compounds. Recent data identified various
genetically polymorphic SULTs enzymes with significant variations in the enzyme activity. This
study aimed to investigate the impact of SULT1A1 gene polymorphism and its potential risk on
females with breast cancer in Jordan using a PCR-RFLP and Sanger Sequencing methods. The
analysis showed that 24.7% of the patients and 25.3% of the controls were homozygous for the
SULT1A1*1 allele (SULT1A1*1/SULTIAI*1) compared to 8.8% and 5.7% homozygous for the
SULT1A1*2 allele (SULTI1A1*2/SULTI1A1%*2) for patients and controls respectively. Most of the
patients and controls were heterozygous for SULT1A1*1 allele (SULTIA1*1/SULTIAI*2) with

rates of 66.5% and 69.0% 27 in patients and controls respectively. In addition, the frequencies of
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the mutant SULT1A1*2 allele were 0.42 and 0.4 in the patient and control groups respectively.
No significant difference in genotype and allele distribution was noted between the breast cancer
and control groups. The risk of breast cancer in individuals carrying the SULT1A1*2 allele was
determined by combining the SULTIA1*1/SULTIAI*2 and SULTIAI*2/SULTIAI*2 genotypes.
No association was observed 32 between SULT1A1 polymorphism and breast cancer incidence
(P =10.63; OR, 0.93; 95% CI, 0.68-1.26). 33 However, SULT1A1%*2 allele was found to increase
the risk of breast cancer by 1.26-fold.
. Keywords: Polymorphism; breast cancer; SULT1A allele, DNA sequencing

INTRODUCTION

In human physiology, sulfotransferases
(SULTS) are key factors in the conjugation of
sulfate groups to a variety of endogenous and
exogenous substrates, including many drugs,
neurotransmitters, thyroid and steroid
hormones and carcinogenic agents [1, 2].
SULTSs are genetically polymorphic and are
expressed in a wide variety of tissues, such as
the liver, lung, brain, kidney, and
platelets[3].There are four major families of
SULTs: SULTI, SULT2, SULT4 and
SULT6 with a 13 human cytosolic SULT
isoforms have been identified [4]. The gene
encodes the SULTs alloenzymes; SULT1A
(SULTIA1*1  wild-type, SULTI1A1*2,
SULT1A1*3 and SULT1A1*4) which were
mapped to chromosome 16p12.1-p11.2 with
significant biochemical variations among
their activities. This genetic polymorphism is
remarkably important in case of a mutation in
exon 7 at the nucleotide 46 of 638 (codon

213) resulted in a substitution of histidine by

arginine (SULT1A1*2 allele) which is
associated with less enzymatic activity and
thermal stability compared with the wild-type
allele (SULT1A1*1 allele) [5-6].

Breast cancer constitutes the most frequent
female malignancies worldwide, accounting
for 1.7 million cases and 521,900 deaths in
2012 worldwide [7]. In the Middle East
region, it has been shown that the incidence
rate for breast cancer has increased
progressively over the last decade especially
in  younger aged  patients [8-9].
Epidemiological variation of breast cancer
among different ethnic populations was
reported

suggesting that genetic and

environmental ~ factors  influence  the
development of this type of malignancies
[10-11]. The relationship between genetic
polymorphisms of SULTIA1 and several
cancer types were investigated but results
remain controversial [12-13]. This study

investigated, for the first time, the
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relationship  between the  SULTI1AIl
Arg213His polymorphism and female breast
cancer susceptibility in Jordan.
MATERIALS AND METHODS
Population
During August 2015 to Feb 2018, a total of
340 females (182 patients and 158 controls)
were enrolled in this study. The breast cancer
patients were referred to the breast care unit
of prince Hamzah hospital (Amman). The
patients were screened for breast cancer by
mammograms and biochemical markers and
confirmed by  histopathology.  Next
generation sequencing was performed to
confirm the presence of BRCA1/BRCA2
mutations by the specialty hospital
laboratories (Amman). The control group
consisted of females of ages above 20 years
who are not presented with any clinical
manifestation and who do not have a family
history of breast cancer. Members of the
study populations were informed with
regards to the aims of the study.
Epidemiological data were collected from the
members using a designed standardized
questionnaire. The study was approved by
the Ethics Committee of Prince Hamzah
hospital.
Sample processing and maintenance

Fresh blood samples were collected from

each participant in EDTA tubes. A total of

0.3 ml of each sample were used while the
remaining quantity was kept at -80°C in case
repeated testing is required. DNA extraction
of the blood samples were performed using
QIAamp Blood mini kit (Qiagen, Germany)
according to the manufacturer’s instructions.
Whole blood was harvested and subsequently
lysed by lysis solution. Treatment with
proteinase K enzyme was performed for 30
minutes at 55°C. Separation of DNA from
proteins and cellular debris was performed
using the spin columns and subsequently
eluted in Elution buffer. The samples were
stored at -80°C until further analysis.
Determination of DNA content was
performed by measuring the optical density
(OD) at 260 nm wavelength and the ratio
between OD,s and ODjg using UV
spectrophotometry (Biorad, Germany). The
integrity of the extracted DNA was analyzed
by 1% agarose gel electrophoresis stained by
ethidium bromide [14].

Genotyping of SULTIAI

The presence of SULTAI1 gene in the DNA
isolated samples was detected using
conventional PCR method as described by
Arslan et al. 2009 with some modifications
[15]. Consensus oligonucleotide primers
(1A1 forward: 5’-
GTTGGCTCTGCAGGGTTTCTAGGA-3" and

1A1 reverse 5’-
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CCCAAACCCCCTGCTGGCCAGCACCC-3°
were preliminary used to amplify SULTALI
specific DNA of allele type. This was
accomplished using oligonucleotide primers
specific for the intron sequences flanking
exon VII of the SULTIA. The amplified
product was predicted to give a band of 333
bp in length, after analysis by gel
electrophoresis, indicating positive results for
SULTAI1 gene. PCR reaction mixtures of
50ul were prepared by adding 2 pul DNA to
0.4 uM of each primer and 25 pl of 2x PCR
Master Mix (New England Biolab, UK).
Initial denaturation was performed at 95°C
for 5 min, followed by 35 cycles of 94°C for
45 s, 55°C for 60 s, and 72°C for 90 s, with
final extension at 72°C for 7 min.

PCR-RFLP assay to detect the G: A
transition that results in the Arg:His
replacement in SULTIA1 was performed.
PCR reaction products (10ul) were incubated
with 1 unit of CutSmart Haell (New England
BioLab, UK) at 37°C for 20 min in a 50 pl
containing the appropriate enzyme reaction
buffer supplied by the manufacturer. After
digestion, heat inactivation of the enzyme
was performed by incubation at 80°C for 20
min. Fragments were resolved on 3% (w/v)
agarose gels containing SYBR green and

detected using UV transilluminator. The 333
bp fragment containing exon VII yielded two

fragments of 168 and 165 bp after digestion
with Haell. Both SULTIAI*1/SULTIAI*I,
and SULTIAI*1/SULTIAI*2 alleles were
identified since digestion does not take place
with  DNA fragments
SULTIA1 alleles harboring the CGC:CAC

amplified from

change at codon 213, because this alters the
restriction site recognition sequence for
Haell. All samples were tested in triplicate
for reproducibility. Confirmation of the
presence of mutations was performed by
Sanger according to the

1 uL of the PCR

sequencing
following protocol:
products was mixed with 1 pM of the
sequencing primer (forward primer) and 1 pL
of the BigDye®
1.1/Sequencing Standard Kit), 3.5 pL 5x

Terminator (v

buffer, and 13.5 pL water in a total volume
of 20 puL for 20 enzymatic primer

extension/termination reaction cycles

according to the instructions of the
manufacturer (Applied Biosystems, USA).
After dye-terminator cleanup with Dye Ex
2.0-Spin columns (Qiagen, Germany), the
reaction mixtures were loaded in an
automated ABI 310 Genetic Analyzer for
sequence analysis. Controls for sample
adequacy were included in the sequencing kit
and were used for each run. Internal control

for PCR polymerase inhibitors were used by

amplification of human B globin gene.
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Statistical analysis

Statistical Package for the Social Sciences
(SPSS) release 20 (Chicago IL, USA) was
used for the statistical analyses. Genotype
and allele frequencies were tested by the
Pearson's y2 test. The statistical significance
of the differences in SULTIA1 among the
cases and controls was determined by the y2
test. Probability values <0.05 were regarded
as statistically significant [16]. Odds ratio
and 95% confidence intervals (CIs) for breast
cancer were calculated to study the
relationship between the allele type and the
incidence of breast cancer in the studied
population.

RESULTS

Demographic characteristics of the patients
and controls were summarized in Table 1.
Mean ages of the patients and controls were
43.8+11.8 years (range, 26-55) and 36.6+8.4
years (range, 20-50), respectively. No
significant relationship was found between
the patients and controls in terms of smoking

status (P=0.29) and history of hormone
replacement therapy (p= 0.33). SULTI1A1

allele and genotype frequencies were
indicated in Table 2. In the patient group, the
frequencies of the homozygous wild-type
genotypes (SULTIA1*1/SULTIAI*I), the
heterozygous genotype
(SULT1A1*1/SULTIAI*2) and the

homozygous variant

genotype
(SULTIA1*2/SULTIAI*2) were 24.7, 66.5
and 8.8% respectively while in the control
group, these frequencies were 25.3, 69.0 and
5.7% respectively.

The risk of breast cancer in individuals

carrying the SULTIAI*2 allele was

determined by combining the
SULTIAI*1/SULTIAI*2 and
SULTIA1*2/SULTIAI*2  genotypes. No
statistically  significant difference was

observed between the patients and controls in
comparison of the genotype combination
(P=0.63; OR, 0.93; 95% CI, 0.68-1.26).
Similar results were observed when the
smoker and non-smoker, and history of
hormone replacement therapy populations

were compared for genotype combinations.

Table 1: Epidemiological data of the patients and controls (n; number, SD;Standard Deviation)

IJBPAS, February, 2019, 8(2)

Category Patients Controls
Total number 182 158
Age
Range 26-55 20-50
(Mean +SD) 43.8+11.8 36.6+8.4
Smoking Status n, (%)
Smoker 38 (21) 19 (12)
Non smoker 144 (79) 139 (88)
History of Hormone replacement therapy n, (%)
Users for more than one month 14 (8) 8(5
Non-Users 168 (92) 150 (95)
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Table 2: Frequencies and risk estimation of SULT1A1 genotypes in breast cancer patients and health controls

Breast cancer (n=182) | Controls (n=158) | P value | %2
Genotype frequency, n (%)
SULT1A1*1/SULT1A1*1 45 (24.7) 40 (25.3) 0.55 1.192
SULT1A1%1/SULT1A1%*2 121 (66.5) 109 (69.0)
SULT1A1*2/SULT1A1*2 16 (8.8) 9(5.7)
Allele frequency, n (%)
SULT1A1*1 211 (58) 189 (59.8) 0.63 0.237
SULT1A1*2 153 (42) 127 (40.2)
DISCUSSION frequencies of the SULTIAI*2 allele differ

Breast cancer is so far, the most frequent type
of malignancies among women worldwide.
The rates of breast cancer have been shown
to be variable among ethnic groups [17].
Recent data showed that the incidence is
increasing in the Middle East [18, 19].
SULTI1A is considered as a phase Il enzyme.
That also bio-activates various carcinogenic
agents which are related to the development
of different types of cancers [20]. Recent
evidence suggests a potential role of the
genetic polymorphisms in
xenobioticmetabolizing enzymes in
increasing the susceptibility of individuals to
cancer [21, 22]. In this context, different
genetic background in the SULTIA1 would
estimates

importantly affects the risk

associated with the development and
prognosis of breast cancer. It is believed that
the development of breast cancer depends not
only on mutations  of

BRCA1/BRCA2 genes, but also on several

germ  line

factors including age, tobacco use, hormone

therapy and ethnicity [23, 24]. The

ranging from 5 to 32% among ethnic
populations [4, 25]. In the present study, the
frequency of this allele in the control group
was 40.2% that is higher than the frequency
in Turkish, Chinese, Taiwanese and Koreans
while close to the frequency reported for
[4, 26].

Caucasians In regards to the

SULT1A1 genotypes and alleles, no
statistically significant difference between
the patients and controls was observed in this
study. The presented study showed clearly
that the polymorphism of SULT1AT1 gene did
not have a significant relationship with
female breast cancer although the presence of
SULT1A1*2 allele increased the risk in the
patient’s group. This is in agreement with a
study conducted in Turkey in cases of
prostate cancer, which also suggested no role
of age and smoking as factors in the allelic
polymorphism of SULTIA gene [16]. In
contrast, Palli et al., 2013 revealed that
BRACA2 male breast cancer is highly
associated with SULT1Al low enzymatic

activity and accordingly to environmental
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exposure variations [27]. Roupret et al.,
2007 also found a significant association
between the SULTI1A1*2 allele and risks for
cancers of the urinary tract [28]. In addition,
the risk of smoking and use of hormone
replacement in the patients with breast cancer
was not associated with the allele variation
and the risk of cancer development in the
present study. Since ethnicity cannot be
excluded as a factor for these controversial
results, other related factors including the
exposure to geographical variations might be
less involved in the development of breast
cancer and more concern should be placed on
the genetic variation of BRCA1/BRCA2 in
patients with breast cancer. Although the
results of our study support the fact that the
SULT1A1 polymorphism does not play a
role in breast cancer susceptibility, the
current study is the first to report the allele
frequencies of SULTIA gene in Jordan
population with breast cancer. Hence, more
work is needed for better understanding of
the relationship between the SULTI1A1
polymorphism and breast cancer especially
with regards to the environmental exposure
to specific carcinogens in larger population
studies.
CONCLUSION
SULT1A1 polymorphism does not play a

role in breast cancer susceptibility in Jordan.

Different risk factors can be associated with

the increase risk of breast cancer including

genetic  variability of BRCA1/BRCA2
polymorphism.
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