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Abstract. Polymorphisms in antioxidant enzymes and innate
immune receptors have been implicated in the development of
various types of cancer. The present study aimed to investi-
gate whether polymorphisms of glutathione S-transferase m 1
(GSTPI) and toll-like receptors (TLRs) 2 and 9 are associ-
ated with susceptibility to breast cancer among females. The
study was conducted on 72 Egyptian female patients with
breast cancer, along with 100 healthy volunteers. Polymor-
phisms of GSTPI (codon 105 Ile/Val) and TLR9 rs187084
(1237T/C) genes were assessed by polymerase chain reaction
(PCR)-restriction fragment length polymorphism, while the
-196 to -174 deletion/insertion (del/ins) polymorphism of TLR2
was detected by PCR. The results indicated a decrease in
GSTPI Val allele frequency in breast cancer patients compared
with healthy controls, at rates of 22.9 vs. 32.5%, respectively.
In addition, the breast cancer group demonstrated a decreased
TLR9 C allele frequency compared with the control group, at
rates of 36.1 vs. 51.5%, respectively (P=0.0047). A non-signif-
icant difference was detected in the frequency of the TLR2
-196 to -174 del allele in breast cancer patients when compared
to normal controls. In conclusion, these results suggested that
the GSTPI Val and TLR9 1237C alleles, but not TLR2 -196 to
-174 del, are likely to be associated with breast cancer develop-
ment among females.
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Introduction

Breast cancer is one of the most commonly occurring cancers
in females, with ~1.7 million new cases diagnosed and
0.5 million mortalities reported annually, worldwide (1). The
main treatments for breast cancer include hormonal therapy,
chemotherapy, radiotherapy and surgery (1,2). The survival
rates for breast cancer are dependent on the stage at which
the tumor is diagnosed. According to the National Cancer
Institute's Surveillance, Epidemiology, and End Results 2015
database, the relative 5-year survival rates of breast cancer
stages I, II,IITand I'V, are 100,93, 72 and 22%, respectively (3).
If breast cancer is not appropriately diagnosed and treated,
numerous complications may develop, such as psychological,
nervous, lymph and circulatory disorders. Furthermore,
advanced breast cancer may lead to life-threatening metas-
tasis of the tumor to numerous organs, including the liver,
kidney, bone, skin and lung, ultimately leading to patient
mortality (4). Variations in host genetic factors are emerging
as key determinants for breast cancer risk and responsive-
ness to chemotherapeutic agents (5). Among these variations,
polymorphisms in antioxidant enzymes and innate immune
receptors have been demonstrated to play major roles in the
development of malignancies (6).

Glutathione S-transferase is a phase II detoxifying enzyme
that catalyzes the conjunction of reduced glutathione with a
wide variety of electrophilic substrates and reactive oxygen
species (7). Polymorphisms consisting of single-nucleotide
substitutions in the coding sequence of the glutathione S-trans-
ferase m 1 gene (GSTPI; 1578 A>G) give rise to the Tle'"Val
amino acid substitution; this lies within the substrate-binding
site of GSTP1 (8). Patients with homozygous isoleucine
(Ile/Tle) have the highest level of GSTP1 activity. The GSTPI
195Val variant is associated with a lower thermal stability and
altered catalytic activity in response to a variety of substrates
compared with GSTPI '“Tle (9). GSTP1 activity is somewhat
reduced in heterozygotes (Ile/Val) and further diminished for
those with two copies of valine (Val/Val) (10).
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Toll-like receptors (TLRs) are important members of the
host innate immune response and their genes have been found
to be polymorphic (11). TLR2 stimulation on the surface of
breast cancer cells has been demonstrated to increase the
invasive potential of the disease through NF-«B signaling (12).
Furthermore, emerging evidence suggests that TLR2 signaling
may aid tumor cells in overcoming immune surveillance and
avoiding attack by the host immune system (13). Genetic
studies on the TLR2 gene have identified a polymorphism
that causes a 22-bp nucleotide deletion (-196 to -174 del) in its
promoter. This substitution may significantly alter the function
of the promoter, likely leading to decreased transcription of
TLR2 (14). This polymorphism is reported to be associated
with increased susceptibility to hepatocellular carcinoma and
gastric cancer (15,16).

TLR9 is a well-known mediator of innate immunity that
is capable of detecting DNA from microbial and endogenous
sources (17,18). In addition to its role in innate immunity,
TLRO has been demonstrated to be widely expressed in breast
cancers, and its stimulation has been implicated in breast
cancer cell invasion (19). However, the complete role of TLR9
in breast pathophysiology has not been clearly established.
Recent data indicate that polymorphisms in the TLR9 gene
(rs352144, rs187084, rs352139, rs352140 and rs445676) may
cause an imbalance between pro- and anti-inflammatory
cytokines, resulting in chronic inflammation and cancer devel-
opment (20-22). The majority of studies have focused on three
common single nucleotide polymorphisms (SNPs): rs352140,
rs5743836 and rs187084. Nevertheless, data regarding the
rs187084 genetic variant of 7LR9 and its link to breast cancer
development are still lacking.

To the best of our knowledge, there is extremely little data
in the literature regarding TLR2 and TLR9 polymorphisms in
patients with breast cancer. Therefore, the aim of the present
study was to assess whether an association exists between the
development of breast cancer in Egyptian females and genetic
polymorphisms of GSTPI, TLR2 and TLR9.

Subjects and methods

Subjects. The present study was conducted on 72 patients diag-
nosed with breast cancer at the Oncology Center of Mansoura
University (Mansoura, Egypt) between September 2013 and
December 2013. Prior to commencing treatment, relevant
information was obtained from each patient regarding age,
menopausal status, number of children, lactation history and
family history of breast cancer. Patients with chronic diseases
(such as diabetes mellitus, liver dysfunction or rheumatoid
arthritis) were excluded from the study. All pathological
data were recorded following surgery (Table I). The control
group included 100 healthy female volunteers. Each study
participant provided written informed consent. The study was
approved by the ethics committee of the Faculty of Medicine
of Mansoura University.

Specimen collection. For the assessment of GSTPI, TLR2 and
TLR9 genetic polymorphisms, 5 ml blood was drawn from
each subject enrolled in the study following an overnight fast,
and was collected in EDTA tubes (BD Vacutainer Systems,
Plymouth, UK) for DNA extraction. DNA was extracted from
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EDTA-anticoagulated blood using a Gentra Puregene Blood
Kit for DNA purification (Qiagen, Inc., Valencia, CA, USA).

Histopathological and immunohistochemical examination.
Tumor evaluation and grading were assessed histopatho-
logically, as previously described (23). Tumor size, regional
lymph nodes and distant metastasis were also evaluated and
staged according to the American Joint Committee on Cancer
Staging Manual (6th edition) (24). For immunohistochemical
staining, samples were fixed with 10% neutral-buffered
formalin and routinely processed to paraffin blocks. Next,
4-um sections were cut from the blocks and mounted on
poly-L-lysine pre-coated glass slides. Antigen retrieval was
performed in a pressure cooker for 20 min at 120°C followed
by incubation with blocking 6% H,O, for 3 min to block
endogenous peroxidase activity. The sections were then
incubated with the Lab Vision™ Avidin Biotin Blocking
Solution (cat. no. TA-015-BB (Thermo Fisher Scientific,
Pittsburgh, PA, USA) to block nonspecific protein binding.
Following antigen retrieval, the sections were incubated for
1 h at room temperature with primary antibodies, followed
by horseradish peroxidase-conjugated secondary antibodies
(Dako, Glostrup, Denmark) for 30 min at room temperature.
The primary antibodies used were as follows: Monoclonal
rabbit anti-human estrogen receptor (ER) antibody (clone SP1;
cat.no. MA1-39540; 1:200; Thermo Fisher Scientific, Waltham,
MA, USA), monoclonal mouse anti-human progesterone
receptor (PR) antibody (clone PgR 636; 1:50; cat. no. M3569;
Dako) and monoclonal mouse anti-human human epidermal
growth factor receptor 2 (HER?2) antibody (clone CB11; 1:10;
cat. no. 18-7107; Thermo Fisher Scientific). The secondary
antibodies used were as follows: Polyclonal goat anti-rabbit
IgG antibody (1:200; cat. no. P0448; Dako) or polyclonal
rabbit anti-mouse IgG antibody (1:200; cat. no. P0260; Dako).
3,3'-diaminobenzidine (Thermo Fisher Scientific) was then
added as a chromogen for color development. The expression
of the ER and PR were assessed immunohistochemically, as
described previously (25). Scoring for both ER and PR expres-
sion was based on the proportion of cells in a given tumor
specimen exhibiting distinct nuclear immunopositivity, as well
as the intensity of staining (0, 5, 10, 20, 30, 40, 50, 60, 70, 80,
90 or 100%). Positive immunostaining for ER/PR expression
was defined as >10% of cells with positively stained nuclei
of any intensity. Samples exhibiting >10% immunoexpres-
sion were considered positive. HER 2-positivity was defined
immunohistochemically, according to the Food and Drug
Administration-approved criteria, as uniform and intense
circumferential membrane staining in >10% of invasive tumor
cells (26).

Detection of GSTPI polymorphism. The GSTPI 105 Ile/Val
polymorphism was investigated using a polymerase chain reac-
tion (PCR)-restriction fragment length polymorphism (RFLP)
method with the following primers (27): p105 forward, 5'-ACC
CCAGGGCTCTATGGGAA-3'"; and pl05 reverse, 5'-TGA
GGGCACAAGAAGCCCCT-3' (Biosearch Technologies,
Petaluma, CA, USA). PCR was performed using DreamTaq
Green PCR Master Mix (Thermo Fisher Scientific). The
procedure was conducted in a total reaction volume of 40 ul.
containing 1.5 mM MgCl,, 1 unit of Tag DNA polymerase,
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Table I. Clinicopathological characteristics of the studied

patients (n=72).

Patient characteristics n %
Age, years (range, 27-76)

<45 19 264

46-55 31 43.1

>55 22 30.6
Menopausal status

Premenopausal 28 38.9

Postmenopausal 44 61.1
Number of children

0 2 2.8

1 2 2.8

2 10 13.9

3 30 41.7

4 23 319

5 1 14

6 3 42

7 1 14
Lactation history

Positive 69 95.8

Negative 3 42
Family history of breast cancer

Positive 6 8.3

Negative 66 91.7
Pathology

Infiltrating ductal carcinoma 64 88.9

Infiltrating lobular carcinoma 6 83

Paget disease 2 2.8
Grade

I 6 8.3

I 47 65.3

11 19 264
Number of infiltrated lymph nodes

0-10 61 84.7

11-20 8 11.1

21-30 3 42
Lymphovascular invasion

Positive 52 722

Negative 20 27.8
T stage

1 11 153

2 42 583

3 15 20.8

4 4 5.6
N stage

0 20 27.8

1 20 27.8

2 19 264

3 13 18.1
M stage

0 57 792

1 15 20.8
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Table I. Continued.

Patient characteristics n %

ER-positive cases, %*

0 9 12.5
10-20 12 16.7
30-40 17 23.6
50-60 12 16.7
70-80 17 23.6
90-100 5 6.9
PR-positive cases, %*
0 6 8.3
10-20 13 18.1
30-40 21 292
50-60 15 20.8
70-80 13 18.1
90-100 4 5.6
HER?2 expression
Positive 17 23.6
Negative 55 76.4

“% of positively-stained cells in the tissue samples. T, tumor size; N,
lymph node status; M, metastatic status; ER, estrogen receptor; PR, pro-
gesterone receptor; HER2, human epidermal growth factor receptor 2.

200 ng of each primer and 10 ul DNA as template. PCR
cycling conditions were as follows: Initial denaturation at 95°C
for 5 min; 30 cycles of denaturation at 95°C for 30 sec, primer
annealing at 55°C for 30 sec and extension at 72°C for 1 min;
and a final polymerization step of 72°C for 5 min to complete
the elongation processes. The PCR products (20 ul) were then
digested using 5 units of Alw261 restriction enzyme (Thermo
Fisher Scientific) in a total volume of 25 ul, and subsequently
separated on a 3.5% agarose gel (Bio Basic Inc., Markham, ON,
Canada) prior to staining with ethidium bromide (10 mg/ml;
Bio Basic Inc.) to visualize the bands (Fig. 1). Individuals
with the wild genotype (Ile/Ile) exhibit a single band (176 bp),
whereas those with the mutant homozygote (Val/Val) exhibit
two bands (85 and 91 bp). Individuals with the variant allele
(Ile/Val) exhibit three bands (176 bp corresponding to Ile; and
91 and 85 bp corresponding to Val).

Assessment of TLR2 polymorphism. The TLR2 -196 to -174
del/ins polymorphism was assessed using an allele-specific
PCR method with the following primers (28): forward, 5'-CAC
GGAGGCAGCGAGAAA-3"; and reverse, 5'-CTGGGCCGT
GCAAAGAAG-3' (Biosearch Technologies). The procedure
was conducted in a total reaction volume of 25 ul, containing
2.5 ul 10X PCR buffer, 2 u1 dNTPs (1.25 gmol/l), 0.5 ul MgCl,
(25 mmol/l), 1.25 ul of each primer (25 mmol/l; Sigma-Aldrich,
St. Louis, MO, USA), 15.3 ul dH,0, 2 ul DNA (100 ng/ul),
and 0.2 ul Taq DNA polymerase (5 U/ul; Invitrogen Life
Technologies, Carlsbad, CA, USA). PCR cycling conditions
were as follows: Initial denaturation step at 95°C for 5 min;
amplification at 95°C for 30 sec, 60°C for 40 sec and 72°C for
40 sec, for 35 cycles; and a final elongation step at 72°C for
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Table II. GSTP1 genotypes and allele distribution in breast cancer patients and control subjects.

Breast cancer
patients (n=72)

Controls (n=100)

GSTPI genotype n % n % OR 95% CI P-value
le/Tle 46 63.9 47 470 Reference

Ile/Val 19 264 41 410 2.112 1.071-4.165 0.0297
Val/Val 7 9.7 12 12.0 1.678 0.607-4.639 0.315
Ile/Val + Val/Val 26 36.1 53 53.0 1.995 1.073-3.712 0.0283
Ile frequency 111 77.1 135 67.5

Val frequency 33 229 65 325 1.619 0.994-2.64 0.052

GSTP1, glutathione S transferase t; OR, odds ratio; CI, confidence interval; Ile, isoleucine; Val, valine.
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Figure 1. Agarose gel electrophoresis stained with ethidium bromide showing the polymerase chain reaction amplification of the 105Val/Ile polymorphism of
glutathione S-transferase m 1. M represents the 50 bp ladder. Lanes 1-4: PCR product of 176 bp. Lanes 6, 7, 8 and 12: Homozygous Ile-Ile genotype. Lane 9:
Homozygous Val-Val genotype. Lanes 5, 10 and 11: Heterozygous Ile-Val genotype.

7 min. Fig. 2 shows the resulting homozygous (ins/ins; band
at 286 bp) and heterozygous (ins/del; bands at 286 and 264 bp)
genotypes following 3.5% agarose gel electrophoresis and
ethidium bromide staining of the PCR products.

Detection of TLR9 polymorphism. Genotyping of TLR9 was
conducted using PCR-RFLP, as previously described (29).
PCR reactions consisted of an initial step of 95°C for 5 min,
followed by 35 cycles at 95°C 30 sec, 60°C for 30 sec and
72°C for 30 sec, and a final incubation at 72°C for 5 min.
Briefly, PCR mixtures (30 gl final volume) contained
20 ng of genomic DNA, 20 pmol of each primer
(25 pmol/ml; Intergrated DNA Technologies, Coralville, IA,
USA), 3 ul ml of dNTPs (2.5 nM; Thermo Fisher Scientific),
3 ul MgCl, (25 mM; Thermo Fisher Scientific), 1 ml of NH,
buffer and 0.2 pul of Taq polymerase (Thermo Fisher Scien-
tific). The following primers for TLR9-rs187084 (1237T/C)
were used: forward, 5'-ACTATCGAGCCTGCCTGCCAT
GATACC-3"; and reverse, 5'-ATCCAGCCTTCTTACAAA
CCTCCCACCC-3' (Biosearch Technologies). A 15-ul aliquot
of each product was digested with 0.5 units of BspTI (Thermo
Fisher Scientific). PCR products were subjected to electropho-
resis on a 2% agarose gel and visualized by ethidium bromide
staining (Fig. 3). The presence of a wild type allele (C allele)
for TLRY resulted in an intact 423-bp band, whereas the RFLP
profile of the T variant was characterized by two bands of 172
and 251 bp.

Statistical analysis. The y* test was employed to examine
differences in genotypic and allelic distribution between
breast cancer patients and controls. The odds ratio (OR)
and 95% confidence intervals (CI) were calculated. P<0.05
was considered to indicate statistically significant differ-
ences. Statistical tests were performed with GraphPad Prism
software version 5.0 (GraphPad Software, Inc, La Jolla, CA,
USA).

Results

Patient characteristics. The breast cancer group (n=72) had a
median age of 46.2 years (range, 27-76 years), with postmeno-
pausal status in 61.1%, positive lactation history in 95.8%,
positive family history of breast cancer in 8.3% and metastasis
in 20.8%. The staging and other clinical and pathological
characteristics are shown in Table I.

GSTPI genotype distribution. The distribution of the
different genotypes of GSTPI is presented in Table II. A
significantly lower percentage of the GSTPI Ile/Val (hetero-
zygous) genotype was observed in women with breast cancer
compared with healthy individuals (26.4 vs. 41%, respectively;
P=0.0297; OR=2.112). There was also a significant decrease
in the combined number of Val/Val and Ile/Val genotypes
frequencies in breast cancer patients compared with controls,
at rates of 36.1 and 51%, respectively (P=0.0283; OR=1.995).
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Table III. Genotypes and alleles distribution of 7LR2 and TLR9 in breast cancer patients and control subjects.

Breast cancer

patients (n=72) Controls (n=100)

Genotypes n % n % OR 95% CI P-value
TLR2

Ins/Ins 44 61.1 61 61.0 Reference

Del/Ins 22 30.6 33 330 1.082 0.557-2.103 0.8667

Del/Del 6 8.3 6 6.0 0.721 0.218-2.386 0.7956

Ins frequency 110 76.4 155 77.5

Del frequency 34 23.6 45 22.5 0.939 0.565-1.561 0.809
TLR9

TT 29 40.3 17 17.0 Reference

CT 34 472 63 63.0 0.316 0.153-0.656 0.0016

CC 9 12.5 20 20.0 0.264 0.098-0.709 0.0069

T frequency 92 63.9 97 48.5

C frequency 52 36.1 103 51.5 0.532 0.343-0.825 0.0047

OR, odds ratio; CI, confidence interval; TLR2, toll-like receptor 2; Ins, insertion; Del, deletion; TLR9, toll-like receptor 9; T, thymine; C, cytosine.

Figure 2. Agarose gel electrophoresis stained with ethidium bromide showing the amplification of the -196 to -174 del/ins polymorphism of toll-like receptor 2.
M represents the 50 bp ladder. Lanes 1,2, 4 and 8: Homozygous (ins/ins) genotype. Lanes 3, 5, 6 and 7: Heterozygous (ins/del) genotype.

Figure 3. Agarose gel electrophoresis stained with ethidium bromide showing the amplification of the rs187084 polymorphism of toll-like receptor 9 (1237T/C).
M represents the 50 bp ladder. Lanes 1-3: polymerase chain reaction product of 423 bp. Lanes 5 and 6: Homozygous (TT) genotype. Lanes 14 and 15:
Homozygous (CC) genotype. Lanes 7-13: Heterozygous (CT) genotype.

Furthermore, the GSTP1 Val allele frequency was decreased  TLR genotype distribution. The genotype and allele frequen-
in breast cancer patients relative to controls, at rates of 22.9  cies of TLR2 did not differ significantly between breast cancer
and 32.5%, respectively. patients and controls (Table III). However, the frequency of
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the TLR9 CC and CT genotypes were significantly lower in
women with breast cancer compared with healthy individuals
[CC, 12.5% vs. 20%, respectively (P=0.0016; OR=0.316); CT,
47.2% vs. 63%, respectively (P=0.0069; OR=0.264)]. A signifi-
cant decrease was also observed in the overall TLR9 C allele
frequency in breast cancer patients compared with controls, at
rates of 36.1 and 51.5%, respectively (P=0.0047; OR=0.532).

Discussion

The present study investigated whether polymorphisms of
GSTPI, TLR2 and TLR9 are associated with the development
of breast cancer in the Egyptian population. The results of the
GSTPI 105 Ile/Val genetic polymorphism assessment revealed
a decreased frequency of the Val allele among breast cancer
patients relative to that of control subjects. In disagreement
with the current results, Shea et al (30) observed no association
between GSTPI genotypes and breast cancer susceptibility in
the American population. This discordance of data may be
partly attributed to unknown genetic or environmental expo-
sures that may modify the effects of GSTPI genes in a certain
population (31). This result may be suggestive of the differen-
tial effect of GSTPI genotypes on cellular proliferation and
apoptosis, which may be translated into cell viability (32).
Adler and Pincus (33) reported that peptides covering amino
acid residues 99-121 influence the binding of GSTPI to c-Jun
N-terminal kinase (JNK) 1, suggesting that the Ile'®Val
substitution has no effect on cell proliferation, but protects
cells from apoptosis through a JNK-dependent mechanism.

The present investigation into the TLR2 -174 to -196 del
polymorphism indicated that the insertion/deletion (ins/del)
and del/del genotypes (d allele) are not associated with breast
cancer. In agreement with these findings, Etokebe et al (34)
failed to demonstrate any correlation between the TLR2
d allele and breast cancer development. However, a study by
Theodoropoulos et al (35) reported a positive association
between this polymorphism and an increased risk of breast
cancer in the Greek population. The reason for this discor-
dance may be attributed to different genetic backgrounds
between the studied populations, varying sample sizes and
heterogeneity of the tumors examined (36).

The results of the current study indicated that the TLR9
rs187084 (1237T/C) polymorphism was associated with
an increased risk of breast cancer in women, based on an
Egyptian patient population. To date, no functional data is
available regarding the rs187084 polymorphism, however, due
to its location in the promoter region of the gene, it may alter
the function of the promoter (37). The variant alleles of this
TLR9 polymorphism may alter the response to DNA from
both microbial and endogenous sources, and thereby influence
the production of more pro-inflammatory mediators. A recent
study revealed that the high activity T allele of rs187084
appears to be a risk factor for the development of endome-
trial cancer (38). By contrast, the C allele of the rs187084 and
T allele of the rs352140 TLR9 polymorphisms were recently
reported to be associated with an increased risk of cervical
cancer in Poland (19).

In conclusion, the current findings indicate significant
roles for TLR9Y rs187084 (1237T/C) and GSTPI (Ile/Val)
polymorphic variants in the susceptibility to breast cancer
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of an Egyptian female population, whilst no association was
observed for the TLR2 -196 to -174 del/ins polymorphism.
Thus, polymorphisms in GSTPI and TLR9Y, but not TLR2, may
be important in the development of breast cancer.
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