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Abstract:

Background: The accumulation of mutagenic substances in the human body may result in DNA metabolism disruption followed by
carcinogenesis. As a consequence of mutations in the genes coding for transmembrane protein pumps, the intracellular concentration
of xenobiotics may significantly increase. This, in turn, may provoke altered risk for cancer development. The gene known to be the
most relevant in the transport of numerous compounds is ABCB1 (also known as MDR1). Numerous mutations and polymorphisms
that affect the encoded protein’s (PgP) function were identified in this gene.
The aim of the study was to define the frequency of 2677G>A,T and 3435C>T polymorphisms in a population of Polish breast can-
cer patients and to estimate their contribution to cancer development.
Methods: The polymorphism frequency analysis (209 patients vs. 202 control subjects) was performed either by allele-specific am-
plification (2677G>A,T) or by restriction fragment length polymorphism (RFLP) using the SAU3AI restriction enzyme (3435C>T)
followed by verification with hybridization probe assays in a Real-Time system and sequencing.
Results: In the control group the frequency of individual 2677 genotypes was: wild homozygous GG = 34%, heterozygous G/T or
G/A = 52.5% and variant homozygous AA or TT = 13.5%, while the genotype frequency in the group of studied patients was 43.5,
44.5 and 12%, respectively. In the control group, the frequency of individual 3435 genotypes was: CC = 25.4%, CT = 50.2%, TT =
24.4%, while the genotype frequency in the group of studied patients was 23, 46 and 31%, respectively.
Conclusion: Thus, no significant differences in the studied polymorphism frequencies were observed. It is then suggested that the
studied polymorphisms, although probably good candidates in other tissue cancer types, might not be good predictive factors in
breast cancer risk or development in Caucasians.
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Abbreviations: ABCB1 – ABCB1 gene coding for glycopro-
tein P (ABC family, used to be called MDR1), BCRP – breast
cancer resistance protein, BMI – body mass index, MDR –
multidrug resistance, MRP – multiple drug resistance protein ,
PgP – P-glycoprotein, SNP – single nucleotide polymorphism,
vv – polymorphic variant, WHO – World Health Organization,
wv – heterozygous variant, ww – wild variant

Introduction

The ABC (ATP-binding cassette) transporter family
contributes to the multidrug resistance (MDR) mecha-
nisms. Glycoprotein P (PgP), multidrug resistance-
associated protein (MRP) and breast cancer resistance
protein (BCRP) are the most widely expressed, thus,
they are most often responsible for this phenomenon.
It is supposed that the modulated transporting activity
of these proteins may contribute to mutagenesis. The
proposed hypothesis assumes that bearing a muta-
tion/polymorphism in one of these genes (resulting in
protein dysfunction) may contribute to the accumula-
tion of mutagens and increased risk of cancer devel-
opment. Consequently, long-term exposition and ac-
cumulation might result in faster development and/or
a higher grade/stage of cancer. As suggested, this
might also be accompanied by a BMI (body mass in-
dex) increase (a cancer risk factor), but probably only
in men (Japanese men) and not in women, thus sug-
gesting that the effects of ABCB1 (2677G>A,T) poly-
morphisms might be modified by sex hormones or en-
vironmental factors. However, further studies are
needed to determine the functional relevance of
ABCB1 polymorphisms in obesity since this associa-
tion is not clear [16].

The carcinogenesis processes can be related to the
ABC protein’s dysfunction when provoked by muta-
gens or their metabolites and/or the absorption and ac-
cumulation of conjugates. However, the activity of
ABC proteins can be considered in two ways. On the
one hand, their high activity protects the tissues from
the accumulation of xenoestrogens (xenobiotics, pes-
ticides, etc.), which gives humans some kind of a non-
specific shield [4, 20]. On the other hand, when con-
sidering the case of cancer treatment (these cells usu-
ally show increased PgP activity), we observe that
these cells poorly respond to chemotherapy.

The genetic variants of the ABC family members
have been intensively studied so far. In the ABCB1

gene more than 50 SNPs were identified. The most

clinically relevant are 2677G>A,T in exon 21
(rs2032582) and 3435C>T (rs104564) in exon 26.
Additionally, the polymorphism at position 1236C>T
(rs1128503), i.e., in the glycine-coding codon, has
also been studied but its contribution to drug or xeno-
biotic metabolism is not clear [8].

The 3435C>T is a synonymous polymorphism but
it significantly decreases both ABCB1 gene expres-
sion and protein activity [10, 15] and alters substrate
[23]. It was revealed in numerous studies that homo-
zygous 3435TT subjects show significantly lower PgP
expression relative to 3435CT and 3435CC. It has
also been suggested that the 3435C>T polymorphism
is correlated (93.8%) with another SNP, i.e., 2677G>A,T
[12]. This polymorphism leads to a change in the
amino acid sequence from alanine to threonine or ser-
ine. However, due to the observed high correlation be-
tween polymorphisms at positions 2677 and 3435, it
is difficult to tell which of those SNPs is more rele-
vant to PgP expression and activity regulation. There-
fore, we examined the incidence of the ABCB1 2677
and 3435 polymorphic variants in patients with breast
cancer (n = 209) and controls (n = 202) in a Polish co-
hort. The studies performed so far in various popula-
tions have been contradictive. Since the ABCB1 poly-
morphisms are believed to have become prognostic
factors for increased cancer risk due to lowered PgP
activity in subjects exposed to xenobiotics, we postu-
late that they should be studied carefully as a better
prognosis for therapy treatment efficiency. All data
collected so far remain controversial, hence, contribu-
tion of the ABCB1 polymorphisms to breast cancer
development and progression has been disputed.

Materials and Methods

Patients and controls

The study group consisted of 209 women with histo-
logically diagnosed breast cancer at various stages
based on WHO criteria (Tab. 1). All patients were re-
cruited from the Department of Oncological Surgery
at the Poznañ University of Medical Sciences in
Poznañ, Poland. The control group comprised 205
healthy volunteers and blood donors (all female)
(Tab. 1). The patients and controls were Caucasians
from the same region of Poland (Great Poland). The

Pharmacological Reports, 2012, 64, 1560�1566 1561

ABCB1 polymorphisms in the Polish population
B³a¿ej Rubi� et al.



study protocol was approved by the Ethics Committee
of the Poznañ University of Medical Sciences
(309/10) and written consent was provided by the par-
ticipating individuals.

Genotyping

DNA was extracted from peripheral blood leukocytes
using a DNA isolation kit (A&A Biotechnology,
Gdynia, Poland ) and stored at –20°C. The 3435C>T
polymorphism frequency analysis was performed by
PCR using primers specific to a fragment of the
ABCB1 gene, i.e., ABCB1F, 5’-TGTTTTCAGCTG-
CTTGATGG-3’ and ABCB1R, 5’-AAGGCATGTATG-
TTGGCCTC-3’ [7]. The PCR conditions in order to
amplify the 197-bp fragment (exon 26), as previously
described in [7], were followed by a restriction analy-
sis (Sau3AI enzyme).

The 2677G>A,T polymorphism was analyzed by
allele-specific amplification using a combination of
primers specific to the gene fragment flanking posi-
tion 2677 of the ABCB1 gene:
FA, 5’-TGAAAGATAAGAAAGAACTAGAAGGTA-3’;
FG, 5’-TGAAAGATAAGAAAGAACTAGAAGGTG-3’;
FT, 5’-TGAAAGATAAGAAAGAACTAGAAGGTT-3’;
FK, 5’-AGCAAATCTTGGGACAGGAA-3’;
RR, 5’-AGTCCAAGAACTGGCTTTGC-3’ [18],
followed by agarose gel electrophoresis and ethidium
bromide staining.

About 10% of all the samples were verified by se-
quencing using the BigDye v3.1 kit (Applied Biosys-
tems, Darmstadt, Germany) and separation by ethanol
extraction using the ABI Prism 3130XL (Applied Bio-
systems, Darmstadt, Germany) in a 36 cm capillary in
a POP7 polymer (both polymorphisms).

Statistical analysis

The prevalence of genotypes in the cases and controls
was examined for aberration from the Hardy-Wein-
berg equilibrium (c2-test). We used Fisher’s exact test
to examine the distinction in the genotypic and allelic
frequencies between the cases and controls. We also
calculated the odds ratio (OR) and 95% confidence
intervals (CIs). A p-value of < 0.05 was considered
statistically significant (Statistica 6.0). The continu-
ous variables between the studied groups were com-
pared with the Student’s t-test.
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Tab. 1. The studied group characteristics

Characteristic Patients
(n = 209)

Controls
(n = 202)

p

Age (years) 59.6 ± 10.4 54.8 ± 8.2 < 0.001

Weight (kg) 70.5 ± 12.1 66.5 ± 11.7 < 0.001

Height (cm) 162.6 ± 6.1 163.3 ± 5.4 0.201

BMI 26.65 ± 4.29 24.94 ± 4.18 < 0.001

Histological grade n (%)

G1

G2

G3

Gx

35 (73)

40 (84)

20 (42)

5 (10)

Tumor size

Tis

T1

T2

T3

T4

Tx

2 (4)

71 (148)

21 (43)

0 (0)

2 (4)

5 (10)

Lymph nodes

N0

N1

N2

N3

Nx

54 (113)

35 (74)

4 (8)

2 (4)

5 (10)

ER status

ER+

ER–

81 (169)

19 (40)

PgR status

PgR+

PgR–

73 (153)

27 (56)

HER Status

HER+

HER–

18 (38)

82 (171)

Tumors were characterized according to histological grade, tumor
size, lymph node and receptor (ER, PgR and HER) status. Patients
and control subjects were described according to age, weight and
height, and the BMI was calculated. Statistical analysis was per-
formed using Statistica (Student t-test)



Results

We analyzed the studied groups’ characteristics and it
was shown that the breast cancer patients revealed
a significantly higher BMI, i.e., 26.65 ± 4.29 vs. 24.94
± 4.18 (p < 0.001) in the control subjects, thus con-
firming that BMI is an important breast cancer risk
factor. We did not observe any significant aberration
of the studied genotypes from the Hardy–Weinberg
equilibrium in the control and patient groups. No dif-
ference was revealed when frequencies of the individ-
ual polymorphisms in both studied groups were ana-
lyzed (Tab. 2). No difference was noticed either when
comparing the incidence of the wild variants vs. the
heterozygous and polymorphic genotypes nor when
analyzing the wild variants and heterozygotes vs.

polymorphic homozygote frequency. The OR for pa-
tients with breast cancer for 3435 was 1.140 (p =
0.6461; 95% CI = 0.727–1.789) for ww and 1.399
(p = 0.1536; 95% CI = 0.908–2.157) for ww, wv vs.

vv analysis. The OR for patients with breast cancer
for 2677 was 0.668 (p = 0.0712; 95% CI =
0.439–1.016) for ww vs. wv, vv analysis and 0.879
(p = 0.7573; 95% CI = 0.480–1.612) for ww, wv vs.

vv analysis (Tab. 2).

The 3435 genotype distribution was very similar in
both groups, while the frequency of the 2677 wild
variant was slightly, but not significantly, lower in the
patients group (Tab. 2). We did not show any signifi-
cant contribution of any genotype to body weight or
BMI (data not shown). We also did not find a signifi-
cant association between cancer characteristics, i.e.,
ER, PgR, HER2 and distribution of genotypes (data
not shown). Similarly, no association between geno-
type distribution and tumor size nodes or cancer grade
was found (data not shown).

Discussion

The ABCB1 polymorphism contribution to the accu-
mulation of xenobiotics and breast cancer develop-
ment [6, 13, 27] as well as to other cancers [3, 25, 31]
has been intensively studied over the last few years.
However, the data are controversial and show depend-
ence on the ethnic group, population studies and ana-
lyzed additional factors. We present an analysis of
a Caucasian population sample and reveal no correla-
tion of these polymorphisms with breast cancer devel-
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Tab. 2. Genotype and allele distribution in both studied groups

Locus Group ww wv vv ww vs. wv,vv ww,wv vs. vv w vs. v

3435 Patients

Control

48 (23%)

52 (25.4%)

96 (46%)

103 (50.2%)

65 (31%)

50 (24.4%)

OR = 1.140
(p = 0.6461)

95% CI = 0.727 – 1.789

OR = 1.399
(p = 0.1536)

95% CI = 0.908 – 2.157

p = 0.2106

allele C (%) T (%)

Patients

Control

46

50

54

50

2677 Patients

Control

86 (43.5%)

60 (34%)

88 (44.5%)

93 (52.5%)

24 (12%)

24 (13.5%)

OR = 0.668
(p = 0.0712)

95% C = 0.439 – 1.016

OR = 0.879
(p = 0.7573)

95% CI = 0.480 – 1.612

p = 0.1298

allele G (%) T (%) A (%)

Patients

Control

69

59

29

38

2

3

Individual genotype and allele frequency distribution among the studied subjects and healthy controls was determined by comparing either
the homozygous wild type (ww) vs. the heterozygous and homozygous variant (wv and vv, respectively) or ww and wv vs. vv. (The analysis was
performed using Fisher�s exact test)



opment, stage or grade. Interestingly, some authors
emphasize the significant role of ABCB1 in carcino-
genesis, while others neglect this fact by showing the
contribution of the P-glycoprotein to drug metabolism
and thus to treatment efficacy. The relatively high fre-
quency of ABCB1 3435C>T polymorphisms and eth-
nic differences (about 10% in African-Americans,
40–50% in Caucasians and Asians; [22]) have pro-
voked many clinical studies that were carried out to
clarify the clinical impact of these polymorphisms on
the pharmacokinetics and pharmacodynamics of vari-
ous substrate drugs. There are still some discrepancies
in their effect on the clinical pharmacokinetics, even
when using the same drugs. Thus, it is rather difficult
to state unambiguously what the influence of the
ABCB1 polymorphism on cancer risk is. Our observa-
tions confirm studies carried out on the Canary Is-
lands population (Spain; [13]) where the 3435C>T
polymorphism was not shown as a risk factor. The
frequency of individual alleles was 52% (C) and 48%
(T) in the cases, while in the controls it was 55% and
45%, respectively, without significant differences.
The frequency of the 2677 polymorphism in Cauca-
sians was reported as GG – 31%, GT or GA-50,
TT-19, AA-0 and the 3435 frequency as CC-22,
CT-50, TT-28 [11]. In the Korean population, it was
demonstrated that the 2677 frequency of the GG, GT,
GA, TT, TA, and AA genotypes was 21.3, 27.8, 16.7,
14.8, 14.0, and 3.3%, respectively, while the 3435
CC, CT, and TT genotypes were revealed in 50.9,
10.2, and 38.9%, respectively; which again showed
the population dependent frequency status [5]. This
was confirmed in studies comparing Asian and non-
Asian populations [19]. Considering the frequencies
of individual polymorphisms and their contribution to
cancer morbidity, the only statistical association was
observed between 3435C>T and smoking habits in
cases which might imply a habit-dependent contribu-
tion of the polymorphism to breast cancer. Other re-
searchers revealed a significantly increased preva-
lence of the TT genotype in breast cancer patients,
which suggested the possibility of increased breast
cancer susceptibility [9]. In the studies of Zubor et al.
[32], it was shown that the ABCB1 3435C>T poly-
morphism frequency of the homozygous T/T, het-
erozygous C/T and homozygous C/C genotypes were
25, 50 and 25%, respectively. As reported, the risk of
breast carcinoma in patients with the ABCB1 poly-
morphism was significantly associated with a higher
body mass index, and the C allele was associated with

a higher risk of disease compared to patients with
lower amounts of body fat tissue. We also showed the
contribution of BMI to breast cancer-increased risk,
but we did not reveal any association of BMI with in-
dividual genotypes. It was also shown that C-allele
carriers had increased risk of disease when either ac-
tive smoking or high body mass index were present
[32]. Alternatively, Turgut et al. [29] revealed a 1.5-
fold increased risk for the development of breast can-
cer in T-allele carriers. However, another factor, i.e.,
diagnosis time, must be taken into account and con-
sidered when analyzing these factors. Lu et al. [21]
performed a meta-analysis of the ABCB1 polymor-
phisms and concluded the overall lack of association
between the ABCB1 3435C>T and rs2214102 G>A
polymorphisms and the risk of breast cancer. How-
ever, there was some suggestion of an increased risk
in Caucasian women, which warrants further investi-
gation in large, well-designed studies. Similarly, Ta-
tari et al. [28] revealed no significant differences in
the genotype and allele frequencies between the pa-
tients and control subjects. However, this might also
depend on the population and on additional exposi-
tion. Nordgard et al. [24] analyzed the TP53 mutation
status and response to doxorubicin in persons of Cau-
casian origin. Breast cancer risk increase was also dis-
cussed as associated with the 3435C>T polymor-
phism by showing numerous conflicting data [30] de-
pending on the studied population, analysis type and
size of the group. On the other hand, due to the PgP
function, its contribution to drug metabolism has also
widely been discussed. According to well-documented
studies, overexpression of the P-glycoprotein has
been associated with a worse prognosis for some
groups of patients not receiving chemotherapy [26].
Additionally, highly statistically significant coexpres-
sion of P-glycoprotein and HER-2/neu took place
only in the subgroup of aggressive, locally advanced,
inoperable mammary carcinomas, whereas no statisti-
cally significant association could be found for oper-
able tumors. Other researchers revealed that the
3435C>T polymorphism correlated with intestinal
P-glycoprotein expression and bioavailability of di-
goxin after oral administration, which suggested that
this polymorphism may co-determine resistance to
chemotherapy and provide useful information when
individualizing therapy, but in a tissue-dependent
manner [17]. Huang et al. [14] strongly suggested that
3435C>T could be a prognostic factor for Taiwanese
patients with breast cancer. Interestingly, the genetic
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variants in ABCB1, altogether with BRCA1, may
modify the effect of menopausal hormone therapy on
postmenopausal breast cancer risk [1]. A number of
commercially available drugs are substrates for Pgp,
and the ABCB1-variant genotypes are frequent and
functionally significant, which may have future impli-
cations for drug dosing [11]. ABCB1 polymorphisms
may then co-determine breast cancer morbidity or re-
sistance to chemotherapy and provide useful informa-
tion for therapy individualization [2].

To conclude, among all of the latest studies, infor-
mation on the significant association between geno-
type frequencies and histological type, stage and his-
tological grade as well as longer time for progression
after chemotherapy in the CC homozygotes can be
found to be ambiguous [6]. We are aware that achiev-
ing unequivocal results, especially when considering
such a multifactorial disease as cancer, requires
longer, prospective studies and the monitoring of pa-
tients over numerous years, i.e., before as well as after
the disease, including pharmacogenetic analysis
(polymorphism in relation to treatment efficacy, oc-
currence of adverse effects, risk of relapse, etc.). To-
day, however, neither polymorphisms at positions
2677 nor 3435 can be declared as predictive factors in
breast cancer risk or its development in Caucasians.
On the contrary, one might expect that due to their
contribution to drug transport, the ABCB1 polymor-
phisms should be analyzed in the context of drug
response, recovery, etc. This is definitely true but
requires longitudinal studies in order to be able to ob-
serve possible remission (or relapse) which is veri-
fied/evaluated during 2-, 5- or even 10-year term
studies. Thus, the group analyzed by our team may
constitute good material for such studies.
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