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efflux activity of the protein. These variations can ultimately impact an individual’s
susceptibility to cancer. The present study aims to investigate the association of
polymorphisms in ABCB1 (1236 C > T, 2677 G > T/A, and 3435 C > T) in modulating
the individual susceptibility risk to TNBC. DNA was extracted from blood samples
collected from 75 TNBC patients and 100 healthy controls. Genotyping was performed
using the PCR-RFLP technique, and the resulting genotype patterns were categorized
into homozygous wild type, heterozygous, and homozygous variants. The association
between genotype and TNBC and clinicopathological variables was assessed using the
independent %2 test. The strength of the association was determined by calculating the
odds ratio (OR) with a 95% confidence interval. Subsequently, linkage disequilibrium
and haplotype association analyses were performed to evaluate the association of the
ABCBI haplotype with TNBC susceptibility. Overall, carriers of TT genotype and T
allele of ABCB1 1236 C > T exhibited an increased OR 0of 2.750 (95% CI: 1.054-7.175)
and 1.545 (95% CI: 1.001-2.385) for developing TNBC. Specifically, the ABCB1 1236
C > T variant is significantly associated with early age at diagnosis, advanced TNM
staging, and the metaplastic/medullary subtype of carcinoma. Lastly, the haplotype
1236C/3435T/2677G was also associated with a reduced risk of TNBC. In summary,
ABCBI 1236 C > T polymorphism was associated with an increased risk of TNBC
susceptibility and correlated with early age diagnosis, high tumor staging, and the
metaplastic/medullary subtype in TNBC patients. This suggests a potential predictive
role in TNBC susceptibility and development for this polymorphism.
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INTRODUCTION

Breast cancer stands as the most prevalent cancer in women,
with an estimated 2.3 million cases worldwide, constituting
24.5% of all cancer instances [1]. The advent of molecular and
genetic tools has enabled the characterization of breast cancer
based on molecular and clinical manifestations. Typically,
breast cancer is categorized by assessing the presence of
estrogen receptor (ER), progesterone receptor (PR), and HER2
amplification. Triple-negative breast cancer (TNBC) represents
a distinct subtype characterized by the absence of both ER and
PR, along with a lack of HER2 amplification. TNBC
constitutes approximately 10%—20% of all breast cancer cases
[2]. Notably, significant racial disparities exist in TNBC
incidence, with women of African ancestry exhibiting a higher
prevalence (20%) among all breast cancer cases. In contrast,
this prevalence is lower among women of European (9%),
Hispanic ancestry (13%), and Asian descent (9%) [3].

TNBC is recognized for its aggressive manifestation
and is associated with a worse prognosis compared to other
subtypes of breast cancer. For example, a study by Dent et al.
[4] revealed that TNBC poses a higher risk of lymph node
involvement, with significantly larger size and higher tumor
grading. Additionally, TNBC is linked to a higher risk of
distant recurrence and death within five years of diagnosis,
leading to overall poorer survival compared to other breast
cancer types [4,5]. Due to the molecular nature of TNBC,
endocrine and molecular targeted therapies rarely achieve
clinical improvement in patients, resulting in limited treatment
options for this subtype.

The ABCBI gene, also known as MDRI, encodes for
P-glycoproteins (PGP), which are transporter and channel
proteins forming a pore and nucleotide-binding domains for the
ATP-dependent translocation of substrates across the
membrane. The ABCBI gene is located in the chromosomal
region 7q21 with a genomic sequence of 209 kb and a mRNA
length of 4872 bp, resulting in a protein of 1280 amino acids
[6]. In normal tissue, PGP is primarily expressed in a polarized
cell and organ-specific manner. It protects by limiting
xenobiotic absorption in the gastrointestinal tract and
facilitating their excretion in the kidney and liver [7].
Consequently, genetic variations that alter protein function and
expression can significantly impact the absorption, distribution,
and elimination of xenobiotics and carcinogens. This notion is
supported by a study conducted by Salama et al., which
demonstrated reduced PGP activity in the variant
ABCBI1 1236112677134357, Tesulting in approximately 80%—100%
loss of efflux activity on xenobiotics [8].

Among the variants, the single nucleotide
polymorphisms (SNPs) 1236 C > T (rs1128503), 2677 G>T/A
(rs2032582), and 3435 C > T (rs1045642) are the most
prominent, located in the coding region of the gene. These
SNPs account for 31.2% (1236 C > T), 52.2% (2677 G > T),
15.2% (2677 G > A), and 37.5% (3435 C > T) in the Asian
population [9]. Several studies have suggested an association
of these variants with different types of cancer, such as
colorectal cancer and lung cancer [10,11]. In the case of TNBC,
the haplotype ABCBI 3435T-1236T-2677T and ABCBI
3435T-1236G-2677T have been observed to be associated

with an increased risk of chemoresistance [12].

Despite much evidence suggesting the association of
ABCBI polymorphisms with various types of cancer, information
regarding the association between these genes and TNBC
predisposition is limited and still being explored. Thus, this study
aimed to investigate the association between ABCBI
polymorphisms and TNBC susceptibility risk, providing insight
into the predictive value of ABCB1 gene polymorphisms.

MATERIALS AND METHOD

Study population: This study received approval from the
Human Research Ethics Committee of Universiti Sains Malaysia
(JEPeM) and complies with the Declaration of Helsinki
(USM/JEPeM/20060343). This case-control study was
conducted at Hospital Universiti Sains Malaysia in Kubang
Kerian, Kelantan, Malaysia. A total number of 75 Malay breast
cancer patients with histopathologically confirmed TNBC
subtype (ER-, PR- and no amplification of HER2/neu) by
immunohistochemistry (IHC) were recruited as the case subjects.
The control group comprised 100 Malay cancer-free, healthy
individuals biologically unrelated to the case subject. Informed
consent was obtained from all the subjects before sample
collection. Subsequently, 3 mL of peripheral blood was collected
from all the subjects, and clinical and pathological variables,
including age at diagnosis, histological type, staging according to
TNM classification, lymph node involvement, menopausal
status, and the presence of recurrence, were retrieved from their
medical records.

SNP Genotyping: Genomic DNA from leukocytes in the blood
was extracted using the QIAamp DNA Blood Mini Kit
(QIAGEN, Germany). The ABCBI 1236 C > T, 2677 G > T/A,
and 3435 C > T polymorphisms were determined using the PCR-
RFLP technique with specific restriction enzymes, following the
protocol outlined by Abdul Aziz et al. [12]. Genotypes were
classified into homozygous wild type, heterozygous, and
homozygous variant. To validate the results, PCR products were
chosen and sent for sequencing (1 BASE, Apical Scientific Sdn.
Bhd., Malaysia).

Statistical analysis: The statistical analysis was primarily
conducted using SPSS statistics 27 (IBM Corp., Armonk, NY,
USA). The genotype distribution was examined for deviation
from the Hardy-Weinberg equilibrium (HWE) using the y2 test
of goodness-of-fit. The association of genotypes and alleles for
each SNP between TNBC patients and healthy controls was
assessed using the independent y2 test, and the strength of
association was calculated by deriving odds ratio (ORs) with 95%
confidence intervals through binary logistic regression analysis.
The association between genotype and clinicopathological
variables was explored using the independent y2 test. A
significance level of p <0.05 was considered for all the analyses.
Linkage disequilibrium (LD) between SNPs was calculated by
using SHEsis [13]. Evidence was presented for the haplotype
block of ABCB1 1236 C > T, 2677 G > T/A, and 3435 C>T.
Consequently, haplotype analysis was adopted to determine the
association between the block and TNBC.
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RESULT

Genotype and allele distribution of ABCBI polymorphisms
Genotype distribution in patients and controls conformed to the
Hardy-Weinberg equilibrium (p > 0.05). Genotype and allele
frequencies of ABCBI polymorphisms are presented in Table
1. The ABCB1 1236 CC genotype was significantly higher in
controls (22.0%) compared to TNBC cases (10.7%) with p =
0.049. Conversely, the allele T of the ABCBI 1236 C > T
polymorphism was found to be significantly higher in TNBC
patients (64.0%) compared to controls (53.5%) with p = 0.049
respectively. Other SNPs did not exhibit significant differences
in genotype and allele frequencies between TNBC patients and
controls (p > 0.05).

Table 1. Genotype and allele frequencies of ABCBI polymorphisms in TNBC
patients and healthy control.

TNBC Controls
Patients, N=100(°A;) %2 p OR (95% CI)
N=75 (%)
ABCBI1 1236 C>T
Genotype
CcC 8 (10.7) 22 (22.0) 3.876 0.049 Ref
2.133
CT 38(50.7) 49(49.0) 0.048 0.827 (0.856-5.316)
2.750
TT 29 (38.7) 29(29.0) 1.807 0.179 (1.054-7.175)
Allele
C 54 (36.0) 93(46.5) 3.879 0.049 Ref
1.545
T 96 (64.0) 107 (53.5) (1.001-2.385)
ABCBI13435C>T
Genotype
CcC 21(28.0)0 31(31.0) 0.185 0.667 Ref
1.186
CT 45(60.0) 56 (56.0) 0.281 0.596 (0.602-2.339)
1.022
TT 9 (12.0) 13(13.0) 0.039 0.844 (0371-2.819)
Allele
C 87 (58.0) 118(59.0) 0.035 0.851 Ref
1.042
T 63 (42.0) 82 (41.0) (0.678-1.601)
ABCBI1 2677 G>
T/A
Genotype
GG 17 (22.7)  28(28.0) 0.638 0.424 Ref
1.455
GT/GA 38(50.7) 43(43.0) 1.013 0314 (0.692-3.063)
1.412
TT/TA/AA 12 (16.0) 14(14.0) 0.136 0.713 (0.531-3.756)
Allele
G 76 (50.7) 106 (53.0) 1.499 0472 Ref
1.180
T 66 (44.0) 78 (39.0) (0.760-1.834)
A 8(53)  16(8.0) 0.697

(0.284-1.713)
The bold values signify p-value < 0.05, statistically significant. Abbreviation:
CI, confidence interval; N, number of individuals; OR, odds ratio; Ref,
reference.

Genetic association analysis

The association test was conducted to analyze the correlation
between genotype and allele and the susceptibility risk of
TNBC. The results demonstrated that the genotype (TT) of
ABCB1 1236 C > T significantly increased the risk of TNBC
susceptibility, with an OR of 2.750 (95% CI: 1.054-7.175).
Conversely, the T allele was found to increase the risk of TNBC
susceptibility, with an OR of 1.545 (95% CI: 1.001-2.385).
However, no significant association was observed between

ABCBI13435C>Tand 2677 G > T/A polymorphisms and TNBC
susceptibility risk.

Subsequently, the association between ABCBI
polymorphisms and clinicopathological variables was examined.
The results revealed a significant association between the ABCB1
1236 C > T polymorphism and the age of diagnosis, TNM
staging, and histologic type of carcinoma (Table 2). The
heterozygous CT carrier was notably more prevalent in patients
with age < 50 during diagnosis, almost doubling in proportion
compared to patients aged > 50 (p =0.017). Furthermore, a higher
proportion of CT carriers was found in stage III patients
compared to lower stages I and II (p = 0.042), with a calculated
OR of 13.837 (95% CI: 0.745-256.865) versus CC carriers. In
the TT versus CC model, it was 7.878 (95% CI: 0.411-151.142).
A significant difference in genotype distribution was also
observed when patients were further divided according to
histologic types (p = 0.024). A higher frequency of CT carriers
was observed in patients with metaplastic and medullary
carcinoma compared to CC carriers. A higher frequency of TT
carriers was observed in patients with IDC compared to
metaplastic and medullary carcinoma. The calculated OR of CT
carriers vs. CC for metaplastic and medullary versus IDC was 9.0
(95% CI: 0.481-168.131), and in the TT vs CC model, it was
2.245 (95% CI: 0.105-47.997).

Table 2. Correlation of ABCBI 1236 C > T polymorphisms with
clinicopathological variables in TNBC patients.

Genotype
N  CC CT TT p
N (%)
Ageat <50 42 248 27(643)  13GLO) o
diagnosis >50 33 6(182) 11(333)  16(48.5)
Mencpausal Premenopause 49 5 (10.2) 28 (57.1) 16 (32.7) 0300
status Menopause 26 3(11.5)  10(38.5) 13 (50.0)
Histologie  G10rG2 34 5(47)  13G8)  16(4TD)
grade G3 41 3(73)  25(61.0) 13(31.7)
Sagelorll 49  8(163) 21(429)  20(408) o0
TNM stage .
StageIll 26 0 17(654) 9 (34.6)
Histologic IDC 59 8(13.6) 25(424)  26(44.1) o
type Metaplastic :
and modullary 16 0 13(813) 3 (18.8)
Recumrence | ReCUENt 25 2(80)  17(68.0)  6(240) 5,
@S Notrecurrent 50 6(12.0) 21 (42.0) 23 (46.0)
Lymphnode  Fresent 40 2(50) 23(57.5) 15(375) -
involvement 4 <ot 35 6(17.1)  15(42.9) 14 (40.0)

The bold values signify p-value < 0.05, statistically significant. Abbreviation: N,
number of individuals.

On the other hand, ABCB1 3435 C>T and ABCB1 2677
G > T/A polymorphisms did not show any association with the
age at diagnosis, menopausal status, histologic grade, TNM
staging, histologic type of carcinoma, recurrence status, and
lymph node involvement.
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Table 3. ABCBI 2677 G > T/A polymorphisms correlate with
clinicopathological variables in TNBC patients.
Genotype
N GG GT GA TT TA
N (%)
<50 42 11(262) 22(524) 1(24) 4095  4(95
rgeat @2 2624 109 409 409
diagnosis >50 33 6(182) 16(485) 3(9.1) 8(24.2) 0
Menopausal  TTETEnOpAISS 49 12(245) 24(49.0) 3(61) 6(122) 482 b5
status Menopause 26 5(19.2) 14(53.8) 1(3.8) 6(23.1) 0
Histologic GlorG2 34 7(20.6) 17(50.0) 2(59) 6(17.6) 2(5.9) .
grade G3 41 10(244) 21(512) 2(49) 6(14.6) 2(4.9)
StageTorll 49 11(224) 28(57.1) 3(6.1) 6(122) 1(2.0)
TNM stage 0.229
Stagell 26 6(23.1) 10(38.5 1(3.8) 6(23.1) 3(115)
Histologic IDC 59 15(254) 28(475) 3(5.1) 11(18.6) 2(3.4) s
type Metaplastic )
ndmedlly 16 2025 1025 163 1(63) 20125
Recurmence | Recurrent 25 7(28.0)  10(40.0) 2(80) 3(12.0) 3(120) a0
status Notrecurrent 50 10 (20.0) 28(56.0) 2(4.0) 9(18.0) 1(2.0)
Lymphnode  Fresent 40 8(200) 18(45.0) 3(7.5 §(20.0) 3(7.5 s
involvement Absent 35 9(25.7) 20(57.1) 1(29) 4(114) 1(2.9)

The bold values signify p-value < 0.05, statistically significant. Abbreviation:
N, Number of individuals.

Table 4. Correlation of ABCB1 3435 C > T polymorphisms with
clinicopathological variables in TNBC patients.

Genotype
N cC CT TT p
N (%)

Age at <50 42 12(286) 25(59.5) 5(11.9) Looo
diagnosis >50 33 9(273)  20(60.6) 4(12.1)

Menopausal Premenopausal 49 15(30.6) 28 (57.1) 6(12.2) 0.829
status Menopause 26 6(23.1) 17(654) 3 (11.5)

Histologic Gl or G2 34 9(26.5) 21(61.8) 4(11.8) 001
grade G3 41 12(293) 24(58.5) 5(12.2)
Stagelorll 49 15(30.6) 30(61.2) 4(82)

TNM stage 0.383
Stage 111 26 6(23.1) 15(57.7) 5(19.2)

Histologic IDC 59 18(30.5) 33(55.9) 8(13.6) oars

type Metaplastic and :

medullary 16 3(188) 12(75.0) 1(6.3)

Recurrence Recurrent 25 8(32.0) 15(60.0) 2(8.0) 07
status Notrecurrent 50 13(26.0) 30 (60.0) 7 (14.0)

Lymph node Present 40 11(275) 25(62.5) 4(10.0) 051
inyolvement Absent 35 10(28.6) 20(57.1) 5(14.3)

The bold values signify p-value < 0.05, statistically significant. Abbreviation:
N, Number of individuals.

Haplotype analysis
Next, haplotype analysis was employed to study further the
association of ABCBI polymorphisms with TNBC

susceptibility risk. The highest haplotype frequency was
observed in the ABCB1 1236T/3435T/2677T haplotype among
the TNBC patients and control groups, accounting for 40.0%
and 34.0%, respectively. A significant association was found in
the ABCB1 1236C/3435T/2677G haplotype, with a higher
distribution observed in controls (6.0%) compared to patients

(1.0%) with OR = 0.115, 95% CI: 0.014-0.903, p = 0.013.

Table 5. ABCBI haplotype analysis on TNBC patients and controls.

1236 3435 2677 I}; Igfnfs Controls 2 )

C>T C>T G>T/A (frequency) (frequency)
C C G 45(030)  66(033) 0356 0550
T T T 60(040)  68(034) 1330 0248
T C G 28(0.19)  26(0.13) 2109  0.146
T C T 6(0.04)  10(0.05) 0196 0657
C C A 8(0.05)  16(008) 0954 0328
C T G 1(0.01)  11(0.06) 6047  0.013

The bold values signify p-value < 0.05, statistically significant.

DISCUSSION

ABCBI encodes PGP, responsible for translocating various
substrates across the membrane. The gene is highly polymorphic,
consisting of approximately 66 SNPs in the coding region [14].
Among these variants, 1236 C > T (rs1128503), 2677 G > T/A
(rs2032582), and 3435 C > T (rs1045642) have been extensively
studied for their roles in cancer development and susceptibility.
Earlier research suggests that ABCBI 1236 C > T and 3435 C >
T polymorphisms reduce xenobiotic elimination by PGP through
a ‘silent mutation’ [15], while 2677 G > T/A alters the amino acid
sequence from alanine to serine. Consequently, PGP’s
compromised xenobiotic elimination activity contributes to
carcinogenesis, considering its protective role against
carcinogens [16].

Our study aimed to evaluate the association of ABCBI
polymorphisms with TNBC susceptibility risk. The association
analysis indicates the correlation of ABCBI with TNBC,
particularly where 1236 C > T shows a significantly increased
risk of TT genotype and T allele carrier developing TNBC. The
present study’s findings are consistent with a previous study
conducted by Azevedo Delou et al. [17], suggesting that TT
genotype carriers of 1236 C > T, exhibiting reduced expression
of ABCBI mRNA, showed triple-negative tumor development
and ecarly onset of disease progression. In contrast, two studies
observed that the ABCB1 1236 C > T polymorphism variant was
associated with a reduced risk of breast cancer [18,19].

Additionally, our present investigation revealed that the
ABCBI polymorphisms were differently represented among
patients aged > 50 and < 50 during diagnosis. The incidence rate
was more than double in patients < 50 years old carrying the
heterozygote T compared to patients > 50 years old. Notably,
TNBC occurs more frequently in the group under the age of 40
compared to other subtypes [20]. The age of diagnosis might
reflect differences in molecular features and the level of exposure
to certain risk factors, such as hormonal levels, oral contraceptive
use practices, parity history, and the duration of breastfeeding.
For instance, younger age TNBC patients are associated with
higher expression of proliferation genes such as CEP55, MYBL?2,
and KI/F2C and are more likely to be diagnosed with the basal-
like subtype [21], as well as BRCA mutation since BRCA
mutation is more often associated with younger age and TNBC
[22,23]. Moreover, it is essential to note that PGP expression is
modulated by the levels of steroid hormones such as estrogen and
progesterone [24,25]. A study by Gutierrez-Rubio et al. [19]
demonstrated that a higher distribution of TNBC in the
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premenopausal group and T carrier of 3435 C > T were more
prone to developing breast cancer than the postmenopausal
group. However, our findings demonstrated a contrasting result
where no correlation was observed between the menopausal
status of TNBC patients and the presence of ABCBI 1236 C >
T and 3435 C> T variants. This divergence in findings may be
attributed to various factors, including the difference in
premenopausal age (43.5 £ 6.2 in our study versus 39.5 = 5.0
in the Mexican population), as well as other physical and
gynecological  variables like parity history  [33],
mammographic density [34], and weight gain [35].

A significant difference was observed in the
distribution of genotypes when the patients were further
divided based on TNM staging and histologic type. For
instance, the heterozygote carrier T was more prominent in
patients with stage III and rarer histologic types of carcinomas,
such as metaplastic and medullary carcinoma. Findings from
several studies suggested a significant connection of ABCBI
polymorphisms with clinical parameters such as tumor grade
[26], OS, and PFS [10,27,28].

Regarding haplotype analysis, the present study was
concordant with other studies, where the frequency of ABCBI
1236T/2677T/3435T haplotypes was higher in breast cancer
cases than in controls [27]. Additionally, the present study
found that ABCBI 1236T/2677G/3435T haplotypes were
associated with reduced TNBC susceptibility risk. This result
aligned with a study conducted by Abuhaliema et al. [29],
where the ABCBI 1236T/2677G/3435T haplotype was
significantly associated with reduced risk in Jordanian breast
cancer patients. In another disease, Phutong et al. [30] found
that the ABCBI 1236C/2677G/3435T haplotype was
significantly associated with an increased risk of cervical
cancer in Northern Thailand.

However, this study also has limitations. First, there is
a lack of TNBC patients due to the low incidence of TNBC
cases. This limitation might affect the study’s power, where the
p-value was not significant despite a high OR value, and a wide
95% confidence interval (CI) was observed. The rarity of
TNBC, making it the least common form among all other breast
cancer subtypes, needs to be considered in this case. In
Malaysia, a previous study demonstrated that the frequency of
TNBC accounted for 12.3% to 17.6% of total breast cancer
cases [31,32]. Thus, recruiting an adequate number of clinically
and histopathologically confirmed patients as TNBC has been
a challenge for the present study. On the other hand, differences
in the genetic background of study subjects or populations
might explain the differing results between the present study
and previous studies. It is crucial to highlight that the current
study mainly included subjects from the east coast region of
Malaysia, which predominantly consists of Malay populations.

CONCLUSION

In conclusion, ABCBI 1236 C > T polymorphism was
associated with an increased risk of TNBC susceptibility and
correlated with early-age diagnosis, high tumor staging, and
metaplastic/medullary subtype in TNBC patients. Thus, the
results suggest a potential role of the ABCBI 1236 C > T
polymorphism in modulating TNBC susceptibility risk. On the

other hand, the present study also aims to include other ABC
transporter genes, such as ABCG2 and ABCCI, to observe their
collective effects on TNBC. Understanding ABC transporter
gene polymorphisms may offer a valuable predictive biomarker
for identifying high-risk populations, which, in turn, could
facilitate the implementation of early surveillance measures on
high-risk individuals.
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