Pharmacogenomics and Personalized Medicine downloaded from https://www.dovepress.com/

For personal use only.

Pharmacogenomics and Personalized Medicine Dove

3

REVIEW

The effect of ABCBI polymorphisms on the
outcome of breast cancer treatment

Sonam Tulsyan'
Rama Devi Mittal?
Balraj Mittal'

'Department of Genetics,
’Department of Urology and
Renal Transplant, Sanjay Gandhi
Postgraduate Institute of Medical
Sciences, Lucknow, India

Correspondence: Balraj Mittal
Department of Genetics, Sanjay Gandhi
Postgraduate Institute of Medical
Sciences, Raebareli Road, Lucknow
226014, Uttar Pradesh, India

Tel +91 522 249 4322

Fax +91 522 266 8973

Email bml_pgi@yahoo.com

This article was published in the following Dove Press journal:
Pharmacogenomics and Personalized Medicine

27 April 2016

Number of times this article has been viewed

Abstract: The ABCBI gene encodes a permeability glycoprotein, which is one of the most
extensively studied human adenosine-triphosphate (ATP)-dependent efflux transporters. Per-
meability glycoprotein is expressed in the apical membranes of tissues such as intestine, liver,
blood-brain barrier, kidney, placenta, and testis and contributes to intracellular drug disposition.
It is also highly expressed in tumor cells conferring drug resistance, which is one of the major
problems in the efficacy of cancer chemotherapy treatment. ABCB/ is highly polymorphic,
and three well-known single-nucleotide polymorphisms such as 1236C>T, 2677G>T/A, and
3435C>T have been found to be associated with altered messenger RNA levels, protein folding,
and drug pharmacokinetics. Many association studies and meta-analyses have demonstrated
the clinical impact of ABCB1 polymorphisms in breast cancer treatment outcomes with respect
to therapeutic response, chemotoxicity, and overall survival. Therefore, the aim of this review
was to evaluate the effects of ABCB1 polymorphisms on the outcome of breast cancer treatment
which, in future, would be important for tailoring individualized anticancer therapy.
Keywords: ABCBI, P-glycoprotein, polymorphisms, breast cancer treatment, chemotherapy,
response, drug resistance

Introduction
Breast cancer is the most common cancer in women worldwide. It involves multimodal
treatment that includes drugs such as anthracyclines (epirubicin/doxorubicin, adriamy-
cin), cytotoxics (cyclophosphamide, paclitaxel, docetaxel), antiestrogens (tamoxifen),
and aromatase inhibitors (exemestane, anastrozole, letrozole). Cytotoxic agents are
the backbone of systemic treatment in chemotherapies. Patients with early-staged
breast cancer (stages I and II) are treated primarily with surgery followed by adjuvant
chemotherapy, while patients with later-staged (stages III and IV) disease are treated
with neo-adjuvant chemotherapy (NACT). However, such treatment is accompanied
by various side effects, ranging from nausea to hair loss to myelotoxicity. The severity
of these side effects varies from one patient to another, and it is an important prob-
lem in breast cancer therapy.! Pharmacokinetic processes of absorption, distribution,
metabolism, and excretion (ADME) play an important role in deciphering the drug
treatment outcomes.? Furthermore, genetic differences in various drug metabolizing and
transporter enzymes may be responsible for interindividual variation in drug treatment
outcomes®* and could be one of the factors for pharmacokinetic alterations.
Adenosine triphosphate (ATP)-binding cassette (ABC) subfamily B member 1
(ABCBI) belongs to a large superfamily of primary active transporters that are present
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in all kingdoms of life. This gene is also known as multi-
drug resistance gene 1 (MDRI1) or cluster of differentiation
243. ABCBI gene encodes a protein known as permeability
glycoprotein (P-gp), which is responsible for energy (ATP)-
dependent efflux of drugs. It has broad substrate specificity.’
Literature on breast cancer has shown that the expression as
well as genetic variations in ABCB1 is associated with altered
therapeutic response.®!! Several studies have also evaluated
the effect of ABCBI polymorphisms with chemotherapy-
dependent toxicity and overall survival (OS) on patients with
breast cancer.”!” An expression study on P-gp has shown
that the upregulation of this protein is a cause of multidrug
resistance phenotype in anticancer therapy.'® Therefore, in
order to promote effective therapeutic response, lower drug
toxicity, and increased OSs, it is essential to understand the
critical role of polymorphisms in ABCBI drug transporters
on the outcome of breast cancer treatments.

In this review, we have focused on the structure, func-
tion, genetic variations present in ABCBI, and their effects
on breast cancer treatment outcomes in terms of therapeutic
response, survival, and drug toxicity.

ABCBI structure, function, and

mode of action

P-gp, a transmembrane-associated protein, is responsible for
the exchange of molecules across the membranes by using
energy from the hydrolysis of ATP.? It belongs to one of the
largest superfamilies of proteins, that is, ABC transporters.?’
ABC genes are classified into seven different subfamilies —
ABC1, MDR/TAP, MRP, ALD, OABP, GCN20, and White
(http://nutrigene.4t.com/humanabc.htm). In humans, P-gp
is a member of the MDR/TAP subfamily and is encoded by
the ABCBI gene located on chromosome 7q21.12 (UCSC
Genome Browser, March 2006 Assembly [hg18]).2!2

The complete molecular structure of the gene is well
known. ABCB1 was first cloned in the year 1985.%2 The
gene contains 28 exons and 28 introns in a genomic region
of 209.6 kb (GenBank accession number NT_007933).%
Transcriptional start region consists of a proximal and distal
promoter. Proximal promoter responsible for constitutive
expression is present in exon 1 and intron 1, while distal
promoter is active in patients with cancer for overexpres-
sion of the protein product. However, two 5" exons are not
translated.

Protein-coding sequence consists of two similar halves
with approximately the same number of exons. However,
two intron pairs within the nucleotide-binding domains
(NBDs) are located at conserved positions in the two halves

of the protein. Out of 28 introns, 26 that left disrupt the
protein-coding sequence relative to the open reading frame,
thereby suggesting that the P-gp arose by fusion of genes.?

The first structure of a mammalian P-gp was derived
from the mouse Mdr3 gene product heterologously expressed
in Pichia pastoris yeast in the year 2009.2° The structure of
mouse P-gp is almost similar to the bacterial ABC transporter
MsbA (3B5W and 3B5X).2” ABCBI gene is expressed as
4,872 bp-long messenger RNA (mRNA),*?* which encodes
P-gp, a single polypeptide chain of 1,280 amino acids. It has
a molecular weight of 170 kDa and spans ~100 kb. Both the
N and C termini of the polypeptide chain are cytoplasmic and
contain three N-linked glycosylation sites (N91, N94, and N99)
of 10-15 kDa in the first extracellular loop.?** P-gp consists
of two similar halves with >65% amino acid similarity.>® The
two halves are separated by a flexible linker region.* Each half
is made up of six transmembrane domains and a cytoplasmic
NBD. All these 12 domains are located in plasma membrane.*
NBD aids in ATP-dependent efflux of substrates or ions across
the cell membrane®'3 (Figure 1). Several motifs have also been
identified in each of the ATP-binding domains, including the
Walker-A, Walker-B, A-loop, H-loop, D-loop, Q-loop, and the
signature motif “LSSGQ” consensus sequences.*® All these
motifs play an important role in the translocation process,
which occurs via ATP binding, hydrolysis, and nucleotide
release.’** Each ATP-binding site is formed from the Walker
A and B motifs of one NBD subunit and the “LSSGQ” signa-
ture C motif of the other NBD subunit. The P-gp drug-binding
pocket is formed by the transmembrane helices of the protein
and is located in the cytoplasmic inner membrane leaflet.* The
substrate interacts with P-gp, forming an opening within the
inner leaflet of the membrane through Van der Waal’s forces,
hydrophobic and hydrogen bonding. Then, two molecules of
ATP bind at the NBD dimer surface.’” After ATP binding, ATP
hydrolysis transfers the substrate into a position to be effluxed
from the cell. At the time of release of the phosphate from ATP,
substrate excretion occurs and ADP is released. Hydrolysis
and the release of ADP and a phosphate molecule reset the
protein, so that the process can start again.*®* A study has
shown that a glycosylation-defective mutant does not show
altered drug transport.*°

P-gp is widely expressed in the tissues essential in drug
disposition such as the intestinal epithelium, adrenal glands,
canalicular membrane of the hepatocytes of the liver, kidney
proximal tubules, and blood-brain barrier.”** Major func-
tions of P-gp proteins include the transport of drugs such
as colchicine, tacrolimus, and quinidine; chemotherapeutic
agents such as etoposide, doxorubicin, taxol, and vinblastine;
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Figure | A. Molecular structure of ABCBI gene: Containing 28 exons and 28 introns; encoding P-gp of 1280 amino acids. B. Secondary structure of P-gp protein: This has a
single polypeptide chain with both the N and C termini located inside the cytoplasmic region while the 12 trans-membrane domains are located inside the plasma membrane.
It also consists of two nucleotide binding domains (NBD), which act as ATP binding sites. The first extracellular loop contains three glycosylation sites.

Abbreviations: mMRNA, messenger RNA; NBD, nucleotide-binding domain.

and various lipids, bile salts, toxic compounds, and peptides
for antigen presentation across the membranes. Due to its
ability to transport substrates out of the cell, it helps in the
removal of xenobiotics and other drug metabolites from the
cell. It also functions as a transporter in the blood—brain
barrier.?”* It is overexpressed in cancer cells, resulting into
faster efflux of drugs out of the cells.*® This causes a lower
concentration of the drugs within the cell, subsequently
reducing the efficacy of the drugs in destroying cancer cells.
Therefore, P-gp is involved in the process of resistance to
anticancer drugs. It was reported that the P-gp is the first
ABC transporter implicated in MDR. In breast cancer
treatment, chemotherapeutic drugs such as anthracyclines
(doxorubicin and v) and the microtubule-stabilizing taxol
are affected by MDR.

Genetic variations in ABCB/ gene

The ABCBI gene encoding P-gp is highly polymorphic. Till
date, ~66 coding single-nucleotide polymorphisms (SNPs)
in ABCBI gene have been identified. Out of these, 22 are
synonymous and 44 nonsynonymous.*’ Several studies have
shown that these polymorphisms alter the functional expres-
sion of the ABCB1 gene.*®° The expression, efflux, substrate
specificity, and mRNA stability of P-gp are influenced by
various SNPs present in ABCBI gene.”' Some studies have

also shown that genetic variations affecting the function
and expression of ABCB]I are responsible for resistance to
many anticancer drugs and therapeutic failure.>%4¢ Therefore,
ABCBI genetic variations affect the pharmacokinetic profiles
of various drugs, leading to changes in drug efficacy and side
effects. Out of 66 SNPs, three of them in the coding region
of ABCBI gene such as 2677G>T/A (exon 21, rs2032582),
3435C>T (exon 26, rs1045642), and 1236C>T (exon
12, rs1128503) are extensively studied and characterized.
Studies have shown these polymorphisms to be associated
with altered mRNA levels,*? protein folding,> and drug
pharmacokinetics.>

The 2677G>T/A polymorphism is a triallelic variant, and
it is found in the wild-type sequence with G at nucleotide
2677 and in the variant sequence with A or T. It is located on
the intracellular side of P-gp after transmembrane region 10.
It contains a nonsynonymous amino acid change from Ala at
codon 893 to Ser/Thr (Ala893Ser/Thr; ABCBI1*10).

The other two polymorphisms — 3435C>T (Ilel145Ile;
ABCBI*6) and 1236C>T (Gly412Gly; ABCB1*8) — are syn-
onymous SNPs. The 3435C>T is present in exon 26 of the
ABCBI gene, involves a C-to-T transformation, and does not
alter the amino acid isoleucine. The variant allele frequency
of 3435C>T in Asian population differed significantly from
the African and Caucasian population.™3¢ The frequency
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distribution of this polymorphism in Chinese and Malay popula-
tion was found to be similar to the Caucasians, whereas it was
different among Indians. Among the Thai-Indians, variant allele
frequency was found to be 33%.5” Although the 3435C>Tisa
silent mutation, it has been shown to affect the expression and
function of the P-gp in many ways.*® Studies have reported con-
flicting functional effects of this polymorphism with higher*® ¢!
and lower expression levels of P-gp protein.3:62-64

The synonymous 1236C>T SNP is located on exon 12
and encodes for the TM6 region of the P-gp. This region
is necessary for substrate binding.*® The polymorphism
does not involve an amino acid change at position 412
(Gly). It has been shown to affect protein folding due to
the use of a rare codon when combined with the 3435C>T
polymorphism.>'63

These three SNPs are found to be in strong linkage
disequilibrium (LD). Higher LD value was found between
ABCB1 1236C>T and 2677G>T/A polymorphisms
(r*=0.89; D’=0.98), whereas ABCBI 2677G>T/A and
3435C>T (*=0.65; D'=0.87) and ABCBI 1236C>T and
3435C>T (1*=0.62; D'=0.83) showed lower values.®® Poly-
morphisms 2677G>T/A and 3435C>T are in strong LD
with >90% of Japanese,®” 60% of European American,®
and 80% of Germans® having both of these genetic vari-
ants. There is a considerable large interethnic difference
in the combination of all the three polymorphisms present
(also designated as ABCBI1%*2).* In Africans, the combi-
nation of 1236C-G2677G—C3435T alleles is rare, while
1236T-G2677G—C3435C haplotype is frequent.”” However,
the results that have been reported so far are inconsistent
and the real functional impact of these three SNPs remains
controversial.”! Thus, haplotype-dependent analysis has been
taken into consideration in various association studies.

Recently, the 1199G>A (rs2229109) polymorphism in
P-gp has also been studied. It is a nonsynonymous poly-
morphism, involving an amino acid change from serine to
asparagine at position 400 (Ser400Asn) in the cytoplasmic
domain of P-gp. It has a reported allelic frequency of ~5.5%
in Caucasians.’**>7 This polymorphism alters the efflux and
transepithelial permeability of rhodamine-123. Cells with
the G1199A variants were more sensitive to vinblastine and
vincristine therapies, but no difference in resistance was
found for doxorubicin.”

ABCBI polymorphisms in breast

cancer treatment outcome
Large interindividual variation exists in breast cancer thera-
peutic outcomes. These outcomes are measured in terms

of pathological response to NACT, chemotoxicity, and OS.
Adverse drug reactions are due to variations in ADME profile
of therapeutic drugs. As polymorphisms in gene encoding
for metabolizing enzymes and drug transporters can affect
drug efficacy, toxicity, and survival rate, pharmacogenetics
helps in the assessment of individuals predisposed to poor
response to NACT, higher risk of chemotherapy-induced
toxicity, and OS. 111147477

As we know, ABCBI gene is highly polymorphic, and
these polymorphisms are found to be correlated with pheno-
typic variation in P-gp expression levels of various tissues.
Polymorphisms in ABCBI gene also contribute substantially
to MDR, thus accounting for a wide variation in treatment
outcomes of patients with breast cancer to standard doses of
drug therapy. This review focuses on the clinical significance
of polymorphisms in ABCBI gene with respect to breast
cancer treatment outcomes.

Anthracycline-based treatment
outcomes

Response

Various studies have demonstrated the influence of ABCBI
polymorphism in breast cancer therapeutic response, but
the studies are mainly limited to the three SNPs (1236C>T,
2677G>T/A, and 3435C>T) in ABCB1 gene. Among them,
3435C>T is the most studied ABCB1 polymorphism. Table 1
depicts the list of association studies based on anthracycline-
based breast cancer response to NACT.

Many studies report that 3435C>T plays a role in response
to chemotherapy in patients with locally advanced breast can-
cer.”” A Chinese study found TT genotype of 3435C>T poly-
morphism to be associated with worse clinical response when
compared with CC genotype (P=0.001). In the same study,
haplotype analysis also revealed significant association with
clinical response.'> Another Chinese study on 148 patients
treated with anthracycline-based NACT also observed a
significantly enhanced therapeutic response in CT, TT, and
CT + TT genotypes of ABCBI 3435C>T polymorphism
(P=0.039, P=0.018, and P=0.020, respectively).!” The same
Chinese study also found haplotype 3435T-1236T-2677T
to be significantly associated with response (P=0.041)."7 In
addition, they reported that patients with CC genotype had
a poor prognosis than those with CT and TT genotypes in
ABCBI 3435C>T polymorphism (P=0.043)."”

Furthermore, a study on 19 patients treated with pre-
operative anthracycline-based chemotherapy reported that
patients with TT genotype of ABCBI 3435C>T polymor-
phism showed clinical response, while patients with CT
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Table | Association studies of ABCBI/ polymorphisms with anthracycline-based breast cancer response to neo-adjuvant
chemotherapy
ABCBI polymorphisms studied Sample size Ethnicity Association References
3435C>T 41 Brazil No Rodrigues et al'
3435C>T 96 India No George et al®
1236C>T, 3435C>T 120 China No Zhang et al’
1236C>T, 2677G>T/A, 3435C>T 100 India No Chaturvedi et al'
1236C>T, 2677G>T/A, 3435C>T 153 China Association with TT genotype of Jietal'
3435C>T polymorphism
3435C>T 38 Slovakia Association with CC genotype of Cizmarikova et al'®
3435C>T polymorphism
1236C>T, 2677G>T/A, 3435C>T 148 China Association with CT, TT, CT + TT genotypes Wu et al”
of 3435C>T polymorphism and haplotype
3435T-1236T-2677T
3435C>T 68 Germany Association with TT genotype of Kafka et al’®
3435C>T polymorphism
3435C>T 19 Asia Association with TT genotype of Ashariati’®

3435C>T polymorphism

genotype did not show any clinical response.” Similarly,
Cizmarikova et al indicated that the CC genotype in ABCB1
3435C>T polymorphism significantly increased the
response rate (P=0.021) in 38 subjects, who were adminis-
tered with anthracycline-based NACT.'® In addition, a study
on 68 patients with advanced breast cancer demonstrated
the same association (P=0.029).” It suggests that ABCBI
polymorphisms, especially ABCB1 3435C>T, have a role
in predicting response to NACT.

However, other studies did not find any role of the poly-
morphism in treatment response.”!*!¢ George et al® evaluated
the effect of 3435C>T polymorphism in 96 patients with
locally advanced breast carcinoma but did not find any sig-
nificant association with response to chemotherapy. Another
study on 120 patients with stage II or III invasive breast cancer
found no correlation of ABCBI 1236C>T and 3435C>T
polymorphisms with good response.’ Furthermore, Rodrigues
et al' did not find any association between 3435C>T poly-
morphisms and response to chemotherapy. In another study on
100 patients undergoing 5-flurouracil, epirubicin/adriamycin,
cyclophosphamide chemotherapy, investigators observed no
association with therapeutic response.!’ One more study also
showed no association of 2677G>T/A SNP with treatment
response in patients with breast cancer.'

Contradictory reports in the literature regarding the
effects of ABCB1 polymorphisms on treatment response in
patients with breast cancer can be due to small sample sizes
and interethnic variations. Therefore, meta-analyses were
performed to draw overall conclusions. We found three meta-
analyses studies related to therapeutic response. In one study
involving subgroup meta-analysis, significant association of
ABCB1 1236C>T polymorphism with therapeutic response

in Asian patients with breast cancer under dominant model
was seen.” However, meta-analysis performed on 4BCBI
1236C>T (three studies), 2677G>T/A (three studies), and
3435C>T (seven studies) polymorphisms with breast cancer
response to NACT found no associations.! Another meta-
analysis including a total of seven studies of 464 patients
with advanced breast cancer also revealed lack of associa-
tion between the ABCB1 3435C>T polymorphisms to the
response of chemotherapy. The subgroup analysis by ethnicity
yielded the same results.

Toxicity
Many studies and clinical trials have evaluated the impact of
genetic variants in ABCB 1 with respect to breast cancer treat-
ment side effects. These side effects are recorded in terms of
edema, fever, diarrhea, and hematological and gastrointesti-
nal toxicities. Most of the studies have focused their research
on chemotherapy-induced hematological toxicity, such as
anemia, leukopenia, neutropenia, and thrombocytopenia.
In one study, 59 Taiwanese women treated with docetaxel,
epirubicin, and cyclophosphamide therapy were genotyped for
ABCBI1 —41A>G, —145C>G, 1236C>T, 2677G>T/A, and
3435C>T SNPs. Side effects in terms of neutropenia, febrile
neutropenia, leukopenia, febrile leukopenia, pleural effusion,
diarrhea, fever, and edema were recorded in the same study.
The authors have shown significant association of ABCBI
2677G/G genotype with fever (P=0.024) and febrile neutro-
penia (P=0.027), while 3435C/C genotype with leukopenia
(P=0.057)." On the contrary, Cizmarikova et al'* found no
association of 3435C>T with hematologic toxicities in patients
with breast cancer, which were measured in terms of grades 2—4
anemia, leukopenia, neutropenia, and thrombocytopenia.
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For 1236C>T, few reports are available which correlate
genotype with breast cancer chemotoxicity. Two studies have
demonstrated that variant genotype of ABCBI 1236C>T
polymorphism were not associated with drug-induced severe
toxicity (grade 3 or 4).>!¥ However, a study on 207 North
Indian patients with breast cancer reported significant asso-
ciation of 1236C>T with grades 2—4 toxicity and anemia
(P=0.049 and P=0.046)."° The same study also evaluated
the effect of ABCBI 2677G>T/A and 3435C>T polymor-
phisms with hematological toxicity but could not find any
association.!?

Another study evaluated the impact of 2677G>T/A,
3435C>T, and 1236C>T polymorphisms with hematologic
toxicity in 153 Chinese Han patients with breast cancer and
reported no association of any of the ABCBI polymorphisms
with grades 3—4 neutropenia.”® Similarly, a recent study
determined the influence of pharmacogenetics of ABCBI
(1236C>T, 2677G>T/A, 3435C>T) polymorphisms on
toxicity in 230 patients with breast cancer treated with
doxorubicin and cyclophosphamide but found no impact on
toxicity.'? Only meta-analysis reported till date with chemo-
toxicity also did not show any association.'

In addition to hematological toxicities, gastrointestinal
toxicities are common side effects among patients with breast
cancer treated with cyclophosphamide and doxorubicin.

A clinical trial analyzed 78 SNPs in ABCB1, ABCCI, and
ALDHI1AT1 in 882 patients with breast cancer enrolled in the
SWOG Phase III trial S0221 and found none of the ABCB1
polymorphisms to be significantly associated with grades 3—4
hematological as well as gastrointestinal toxicity.®” Table 2
illustrates the studies related to anthracycline-dependent
chemotoxicity.

Survival

Treatment outcomes in terms of disease-free survival (DFS),
progression-free survival (PFS), and recurrence rate are also
followed up by few studies, and the influence of ABCB1 poly-
morphisms with these outcomes has been observed. Table 3
lists various studies in context with anthracycline-dependent
survival outcomes.

In a study, Kaplan—Meier survival analysis showed
that clinical response and TT genotype of 3435C>T poly-
morphism were related to DFS (P=0.002 and P=0.049).
However, this association was weakened after adjustment
for potential confounding factors such as the tumor node
metastasis (TNM) stage, chemotherapy regimens, and clinical
response.'® Recently, a report also found ABCBI 3435C>T
polymorphism to be significantly associated with longer OS
in 216 patients with breast cancer treated with docetaxel and
doxorubicin NACT.™

Table 2 Association studies of ABCB/ polymorphisms with anthracycline-based chemotoxicity in breast cancer

Study endpoints ABCBI polymorphisms Sample  Ethnicity Association References
studied size
Grades 3—4 hematological 1236C>T, 3435C>T 120 China No Zhang et al’
toxicity
Grades 2—4 anemia, 1236C>T, 2677G>T/A, 207 India Association of 1236C>T with Chaturvedi et al'®
leukopenia, overall toxicity 3435C>T grades 2—4 toxicity and anemia
Dose delay, dose reduction,  1236C>T, 2677G>T/A, 229 UK No Bray et al'?
and inability to complete 3435C>T
planned course due to
leukopenia/neutropenia
Fever, pleural effusion, —4|A>G, —145C>G, 59 Taiwan Association of GG genotype Tsai et al'
leukopenia, febrile 1236C>T, 2677G>TIA, of ABCBI 2677G>T/A with
leukopenia, neutropenia, 3435C>T fever and febrile neutropenia;
febrile neutropenia, association of CC genotype
edema, diarrhea of ABCBI 3435C> T with
leukopenia
Grades 3—4 neutropenia 1236C>T, 2677G>TI/A, 153 China No Jietal
3435C>T
Grades 2—4 anemia, 3435C>T 11 Slovakia No Cizmarikova et al'®
leukopenia, neutropenia,
thrombocytopenia
Grades 3—4 hematological 1236C>T, 2677G>TI/A, 882 North American No Yao et al®

toxicities and grade 3
gastrointestinal toxicities

3435C>T

Breast Cancer
Intergroup clinical
trial
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Table 3 Association studies of ABCB/I polymorphisms with anthracycline-based breast cancer survival outcomes

Polymorphisms studied Sample Ethnicity Association References

in ABCBI gene size

1236C>T, 2677G>T/A, 3435C>T 230 UK Association of variant A of 2677G>T/A with Bray et al?
shorter TTP and OS

—1 A>G, 1236C>T, 2677G>TI/A, 103 Czech Republic Association of GG genotype of —| A>G with Vaclavikova et al'?

3435C>T, 2685+49T>C

1236C>T, 2677G>T/A, 3435C>T 153 China
3435C>T 102 Slovakia
1236C>T, 2677G>T/A, 3435C>T 148 China
2677G>TIA 91 Belgium

worse PFS

Association of TT genotype of Jietal
3435C>T polymorphism with DFS

Association of CT + TT genotype of

3435C>T with longer TTP

Association of 3435C>T variants with prolonged
PFS and OS in patients with triple-negative status;
association of 2677G>T/A variants with longer

Cizmarikova et al'®

Wau et al'?

OS in patients with HER2-negative status
Association of GT genotype of Vulsteke et al®

2677G>T/A with BCSS

Abbreviations: BCSS, breast-cancer-specific survival; DFS, disease-free survival; HER2, human epidermal growth factor receptor 2; OS, overall survival; PFS, progression-

free survival; TTP, time to progression.

A study found ABCBI C3435T variants to have a
significant prolonged PFS and OS in patients with triple-
negative (estrogen receptor—/progesterone receptor—/
human epidermal growth factor receptor 2 [HER2]-)
status (P=0.001 and P=0.016, respectively). Furthermore,
a significant association of ABCB1 2677G>T/A variants
was seen with longer OS in patients with HER2-negative
status in the same study (P=0.036)."” Similarly, a study on
991 patients found GT genotype of the ABCB1 2677G>T/A
to be significantly associated with better breast-cancer-
specific survival (hazard ratio: 0.5; P=0.021).8" Another
study also found variant A of ABCB1 2677G>T/A to be
associated with shorter time to progression and OS in 230
patients with breast cancer treated with doxorubicin and
cyclophosphamide.'? Similarly, CC genotype in ABCBI
3435C>T significantly increased the longer time to pro-
gression (P=0.049) in 38 subjects.'® In addition, a study on
five SNPs in ABCBI (rs2214102, rs1128503, rs2032582,
rs2032583, and rs1045642) gene found significant associa-
tion of —1 A>G (rs2214102) SNP with PFS in 103 patients
with breast cancer (P=0.005)."3

Taxane-based treatment outcomes

Taxanes are important cytotoxic drugs administered to
patients with breast cancer along with anthracycline-based
chemotherapy. Paclitaxel and docetaxel are two taxane
drugs. Docetaxel is associated with peripheral neuropathy.
Therefore, variations in genes encoding drug metabolizing
and transportation enzymes might be responsible for the
differences in docetaxel-dependent peripheral neuropathy.
Table 4 summarizes the association studies reported till

date, based on taxane-based chemotherapy in breast cancer
treatment outcomes.

Chang et al™ evaluated the influence of ABCBI
2677G>T/A and 3435C>T polymorphisms in 113 patients
with metastatic breast cancer administered with paclitaxel
monotherapy. Clinical outcomes in terms of response to che-
motherapy, toxicity, OS, and chemoresistance were noticed.
The authors found that none of the genotype or haplotype
was correlated with response to chemotherapy or toxicity.
However, on applying Cox regression analysis, ABCB1 3435
CT genotype was found to be significantly correlated with
shorter OS (P=0.026).7 Furthermore, they showed significant
association of ABCB1 2677 GG genotype with chemoresis-
tance to paclitaxel and anthracycline (P=0.04 and P=0.04,
respectively).” A report also found ABCB1 3435C>T poly-
morphism to be significantly associated with longer OS in
216 patients with breast cancer treated with docetaxel and
doxorubicin NACT.™

In a study involving 150 patients with early-staged breast
cancer, no association of variant genotypes as well as hap-
lotypes of ABCBI 2677G>T/A, 1236C>T, and 3435C>T
polymorphisms was seen with neurotoxicity.®? However, in
a study on 218 lymph-node-positive Korean patients with
breast cancer, TT genotype of ABCB1 3435C>T SNP showed
significantly higher risks of neutropenia when compared
with its wild-type genotype (P=0.015).% In the same study,
no association of ABCB1 2677G>T/A and 1236C>T poly-
morphisms was found.®3

However, Tran et al demonstrated that ABCBI TT geno-
type of ABCB1 3435C>T polymorphism had an increased
incidence of grade 3 neutropenia when compared with
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Table 4 Association studies of ABCB/ polymorphisms with taxane-based breast cancer treatment outcomes

Polymorphisms studied Sample size Ethnicity Association
in ABCBI gene

Study endpoints Type of References

taxane

1236C>T, 2677G>T/A, 58 (response); India

Association of variant T of

Response to Docetaxel and Tulsyan et al''

3435C>T 132 (toxicity) 2677G>T/A with “grade | chemotherapy, grades paclitaxel
or no leukopenia” 2—4 anemia, leukopenia,
overall toxicity
2677G>TI/A, 3435C>T 113 Korea Association of CT genotype  Response to Paclitaxel Chang et al’™
of 3435C>T with shorter chemotherapy, grades
OS; association of GG 3—4 toxicity, OS,
genotype of 2677G>T/A chemoresistance
with chemoresistance
1236C>T, 2677G>T/IA, 216 Korea Association of TT genotype Diarrhea, nausea, vomiting, Docetaxel Kim et al’
3435C>T of 3435C>T with higher risks stomatitis, neutropenia,
of diarrhea and neutropenia;  febrile neutropenia,
association of TT genotype of thrombocytopenia
3435C>T polymorphism
with OS
—129T>C, 6| A>G, 101 France Association of CT + CC Response to Docetaxel Levy et al”
1236C>T, 2677G>T/A, genotype of 3435C>T with  chemotherapy
3435C>T pathological good response
to chemotherapy
1236C>T, 2677G>T/A, 150 Denmark No Peripheral neuropathy Docetaxel Eckhoff et al®
3435C>T
1236C>T, 2677G>T/A, 218 Korea Association of TT genotype Myalgia, nail changes, Docetaxel Kim et al®
3435C>T of 3435C>T with increased edema, hand—foot skin
toxicities of neutropenia changes, neutropenia
3435C>T 58 France Association of TT genotype ~ Grade 3 neutropenia, Docetaxel Tran et al®
of 3435C>T with grade 3 febrile neutropenia
neutropenia
1236C>T, 2677G>T/A, 26 Germany ABCB/ 2677G>T/A and Neuropathy, Paclitaxel Sissung et al®
3435C>T 3435C>T polymorphisms neutropenia
with paclitaxel-dependent
neutropenia
—129T>C, 61A>G, 1,303 Europe Association of CC Sensory neuropathy Paclitaxel Abraham et al®

1236C>T, 2677G>TIA,
3435C>T

genotype of —129T>C
with taxane-related
sensory neuropathy

Abbreviation: OS, overall survival.

CC genotype.?* Another study showed positive correla-
tion of variant genotypes of ABCBI 2677G>T/A and
3435C>T polymorphisms with paclitaxel-dependent
neutropenia.®

A recent study analyzed the effect of genetic variants in
ABCBI —129T>C, 61A>G, 1236C>T, 2677G>T/A, and
3435C>T polymorphisms with pathological response in 101
patients with breast cancer receiving NACT with doxorubicin
and docetaxel. The authors found 4BCBI 3435C>T poly-
morphism to be associated with pathological good response
to chemotherapy (P=0.015).”

A replication study on 1,303 European patients showed
significant association of rs3213619 (ABCBI —129T>C)
with taxane-related sensory neuropathy.®® Recently, a report
found ABCB1I 3435C>T polymorphism to be significantly

associated with increased toxicities of neutropenia and
diarrhea in 216 patients with breast cancer treated with
docetaxel and doxorubicin NACT.™

Similarly, another study evaluated the role of these three
polymorphisms of ABCBI in taxane-dependent response to
NACT in 58 patients and toxicity in 132 patients. The authors
performed logistic regression, haplotype, and multidimensional
reduction analysis for analyzing the data. On performing
logistic regression, no association was seen with therapeutic
response. However, in assessing toxicity, significant association
of TT genotype and T allele of ABCB1 2677G>T/A polymor-
phism was found with “grade 1 or no leukopenia” (P=0.0465
and P=0.048, respectively).'' No significant association was
reported with response to both NACT and toxicity on haplotype
analysis. Higher-order gene—gene interaction was performed
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by multidimensional reduction analysis, and these ABCBI
polymorphisms were present in combination with other
genetic variants affecting breast cancer treatment outcomes.
ABCBI 1236C>T polymorphism along with CYP345*3 was
found to be the best interaction model for treatment response
(P=0.024) and grades 2—4 anemia (P=0.004).!! However,
ABCBI1 2677G>T/A, ABCBI 3435C>T polymorphisms
were present in higher-order gene—gene interaction model for
dose delay/reduction due to neutropenia (P=0.026).!! Thus, we
can say that multi-analytical approaches may provide a better
evaluation of pharmacogenetic-based treatment outcomes in
patients with breast cancer.

Other anticancer therapies

Tamoxifen, an antiestrogen, is given to hormone-receptor-pos-
itive premenopausal women with breast cancer. This prodrug
requires bioactivation by cytochrome P450 enzymes such as
CYP2D6 and 3A4 to generate its active metabolite, endoxifen,
which stops cancer cell growth by preventing estrogen from
binding to its receptor. However, less information is available
regarding the role of ABCBI drug transporters in endoxifen
disposition and response. We found two studies in context with
ABCBI polymorphisms and tamoxifen-dependent treatment
outcomes in patients with breast cancer. One study inves-
tigated the clinical impact of ABCB1 polymorphisms with
recurrence risk and metastasis in 95 patients with breast cancer
treated with tamoxifen and observed patients with homozy-
gous CC genotypes of ABCB1 C3435T with a shorter time to
recurrence (P=0.002).%” Other study on 30 Thai patients with
breast cancer also showed similar results. In patients treated
with tamoxifen adjuvant therapy, CT genotype of ABCBI
3435C>T polymorphism was significantly associated with
shorter DFS and five times higher risk of recurrence (P=0.041
and P=0.043).” It shows that ABCB1 3435C>T might have
an impact on recurrence risk.

Trastuzumab is a monoclonal antibody that interferes
with the HER2/neu receptor. It treats patients with breast
cancer with HER2/neu-positive status. A study reported
that ABCBI polymorphisms were associated with PFS
after first-line trastuzumab chemotherapy in 57 patients
with HER2-positive metastatic breast cancer. They found T
allele carriers in ABCB1 2677G>T/A polymorphism to be
associated with longer PFS (P=0.037) and OS (P=0.057).
However, in patients with ABCB1 3435CC genotype, asso-
ciation with shorter PFS (P=0.039) and OS (P=0.093) was
found. In combined analysis, PFS was significantly longer
in ABCB1 1236CC and/or 2677TT carriers compared with
the others (P=0.006).%

Conclusion

P-gp, encoded by 4BCBI gene being a drug transporter,
plays an important role in ADME profile of chemotherapeutic
drugs, which are administered in the treatment of breast
cancer. There are large interindividual variations in therapeu-
tic response and toxicity in breast cancer treatment outcomes.
Many studies have shown the association of genetic variants
in ABCBI gene with breast cancer treatment outcomes in
terms of response to NACT, hematological toxicity, and OS.
Therefore, ABCBI gene may be potential candidate in phar-
macogenetic evaluation of breast cancer treatment outcomes
and optimizing individualized therapy. However, the results
so far are contrasting, and this inconsistency can be due to
small sample-sized studies or interethnic variations. Most of
the previous studies had evaluated the role of several ABCB1
variants; however, a tagger SNP-based approach that covers
most of the common variants in a particular population could
be more fruitful. In addition, the outcome of breast cancer
treatment is determined by not only the ABCBI polymor-
phisms but also many other polymorphisms belonging to
various metabolizing enzyme pathways.

Future perspective multicenter studies comprising large
number of samples along with adjustments for various prog-
nostic factors for pharmacogenetic assessment of ABCB1 poly-
morphisms are required for evaluating their clinical utility in
breast cancer therapy protocols. Such type of approach would
definitely aid in individualized therapy for breast cancer.
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