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Neo-adjuvant chemotherapy (NACT) has
become a standard treatment for locally
advanced breast cancers. It was introduced

in the last ten years to treat locally advanced breast
cancers and may facilitate breast conserving surgery.
However, compared to adjuvant treatment it offers
no added survival benefits [1]. A major advantage of
NACT includes feasibility of monitoring therapy
responses on treatment with imaging (e.g. MRI).
Non-responders to therapy can be identified early in
the course and spared from the unnecessary side
effects of chemotherapeutic drugs for no obvious
clinical gains. 
Multiple chemotherapeutic regimens were studied

in combination for the neo-adjuvant setting;
however, desired clinical benefits from a particular
specific ‘tailored’ regimen is yet to be established
[2]. A commonly practiced regimen worldwide
utilises, anthracyclines in combination with
cyclophos-phomide and 5-fluorouracil [3]. Taxanes
are added to the anthracycline–based regimen to
improve the clinical effectiveness and pathological
complete response rates [4]. 

Drug Resistance
Drug resistance of tumour cells is a major obstacle
in effective neo-adjuvant chemotherapy treatment
and a common cause of primary treatment failure.
Although exact mechanisms of resistance to anti-
cancer therapy remain unclear, multiple factors are
believed to act in interrelated or independent path-
ways which result in intrinsic and acquired therapy
resistance. In order to fully understand the natural
progression of tumours and their responses to
chemotherapy, cellular processes that trigger, regu-
late and affect cell proliferation and apoptosis
(programmed cell death) have to be clearly under-
stood. In general, the common mechanisms impli-
cated with chemo resistance include:
1. Intra-cellular defence factors which decrease the
drug concentrations at the target level by acti-
vating transporter protein and detoxification
mechanisms within the cells

2. Alterations affecting drug target interactions
3. Cellular responses that influence cell survival

Intracellular Defence Mechanisms

Drug Transporter Protein
The intracellular concentrations of a drug are
managed by a fine balance of drug influx and efflux
mechanisms. Changes to drug accumulation in the
cell occur by a decrease in drug influx or an increase
in efflux mechanisms. As most of the cytotoxic drugs
enter cells via passive diffusion, alterations in the
bio-physical properties of the plasma membrane and
changes in the lipid fluidity due to Ca2+ concentra-
tion can all decrease the rate of drug uptake into the
cells [5,6]. This mechanism is primarily implicated
in cisplatin, and methotrexate drug resistance, but is

less effective in preventing lipid soluble drugs such
as anthracyclines from entering the cell. Resistance
to anthracyclines therefore occurs due to changes in
the lipid structural disorders and/or faulty efflux
mechanisms [7,8]. 

P-Glycoprotein
The ‘Adenosine Binding Cassette (ABC) super-
family’ of transporter proteins is a naturally occur-
ring cell membrane efflux pump designed to remove
toxins derived from natural processes. A prototypical
representative of this family is the P-glycoprotein (P-
gp) transporter protein [9]. P-gp is found to be
expressed in 40-50% of untreated primary breast
cancers from immunohistochemical studies [10].
However, the incidence of P-gp expression increases
to 60-70% following exposure to chemotherapy [11].
High levels of P-gp expression in resistant tumour
cells occurs due to MDR-1 gene amplification [7].
Over expression of the P-gp protein has been impli-
cated in cellular resistance to anthracyclines,
taxanes, antibiotics and Vinca alkaloids [12]. The
exact molecular mechanism of Pgp-mediated drug
transport is not known but, as the transporter has an
extraordinarily broad substrate specificity, its
cellular function has been described as a
"hydrophobic vacuum cleaner” [11].

Multi-Drug Resistance Protein
The multi-drug resistance proteins (MRP) are a
subfamily of the ‘ABC super-family’ of transporter
proteins. Similar to the P-gp protein, the MRP family
is also functionally ATP dependent and are mostly
involved in the transport of glutathione (GSH)-
conjugated derivatives of toxic compounds (GS-X
pump) [13]. However, unlike the P-gp protein which
mostly transports neutral and basic compounds, the
MRP family proteins are capable of transporting
negatively-charged anionic drugs and neutral
compounds conjugated to acidic ligands [14]. This
property of MRP confers resistance to variety of
drugs such as cisplatin, arsenite, doxorubicin, mitox-
antrone and etoposide [15]. A total of seven protein
members (MRP-1 to 7) belong to the MRP family.
MRP-2 is implicated in antharcycline resistance. The
MRP-1 protein was detected in 49% of breast
cancers [10] using immunohistochemical studies
and over-expression was associated with reduced
overall and disease free survival [16]. 

Breast Cancer Resistant Protein
The breast cancer resistant protein (BCRP) is a 72
kDa protein that belongs to the G sub-family of ABC
super-family proteins. The function of BCRP
involves distribution, metabolism and elimination of
drugs that are BCRP substrates. BCRP was first iden-
tified from the MCF-7/AdrVp cell lines that showed
multi drug resistance to anthracyclines and mitox-
antrone in the absence of expression of P-gp and
MRP-1 [17]. Evidence of BCRP over-expression in
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multi-drug resistance was confirmed in
transfection studies involving MCF-7 breast
cell lines transfected with BCRP cDNA.
Collectively, BCRP over-expression was
found to confer resistance to mitoxantrone,
topotecan, and flavopiridol, paclitaxel,
cisplatin/ or vinca alkaloids [18] [17]. The
BCRP/ABCP mediates mitoxantrone and
anthracyclines (doxorubicin) cell efflux, an
action which is dependent on the presence
of threonine or glycine substrate at position
482 of the BCRP cDNA [19]. Mutation in
the BRCP/ABCP gene causes arginine
substitution at position 482 changes the
substrate specificity and anthracyclines are
accumulated in the cells thus conferring
drug resistance.

Alteration of Drug Targets
For the drugs that interact with specific
cellular targets, the content or activity of
the target molecule critically influences the
cytotoxicity. An increased level of enzyme
substrate, such as thymidylate synthase
with 5-flurouracil (5-FU) treatment, satu-
rates the anti-metabolite effects of 5-FU
and confers drug resistance [20]. Similarly,
down-regulation of the substrate enzyme
topoisomerase-IIα is thought to confer
anthracycline drug resistance. However,
anthracycline drug resistance is multifacto-

rial and a decrease in enzyme expression
may not be the only cause of drug resis-
tance [21].  
Taxol resistance is associated with

multiple alterations of its intracellular
target, including modification of tubulin
levels, altered electrophoretic mobility of
alpha or beta-tubulin isoforms and acetyla-
tion of alpha-tubulin [22,23]. Tubulin
isotypes play critical roles in development,
differentiation, and cell function [24, 25].
The beta-tubulin isotype composition of a
microtubule was found to modulate sensi-
tivity to taxols [26]. Increased expression
of beta III and IV-tubulin isoforms in
microtubules was found to alter the differ-
ential kinetics of growing and shortening of
tubules making them unstable. As taxol
blocks the progression of the cell cycle via
microtubule stabilization, an increased
expression of class-III β-tubulin isoform
therefore correlates with taxol resistance
[26]. This β-tubulin mediated taxol resis-
tance in-vitro has been overcome by
inhibiting the Hbeta4 gene that encodes β-
tubulin using anti-sense deoxy-oligonu-
cleotides [27].

Cellular Mechanisms
Cytotoxic medications can also activate
several other distinct cellular mechanisms

that lead to drug resistance. One such
example is the up-regulation of DNA repair
mechanisms which has been associated
with resistance to alkylating agents in
leukaemia and topoisomerase inhibitors in
breast cancers [28]. The DNA repair mech-
anisms involve excision or repair of
damaged strands. Excision of damaged
base pairs involves, nucleotide excision
repair (NER) and base excision repair
(BER). The NER pathway is one of the
pathways responsible for the removal of
DNA adducts produced by cytotoxic drugs
such as cisplatin and nitrogen mustards
[28]. Drug resistant cancer cells promote
DNA replication to nullifying the cytotoxic
effects [29]. BER removes damaged base
pairs and induce DNA repair via endonu-
cleases. This action may lead to resistance
to oxidizing (e.g. H2O2) and alkylating
agents such as cyclophosphomide and
nitrogen mustards [30]. The mismatch
repair (MMR) pathway corrects single base
mispairs incorporated by cytotoxic drug
exposures. A deficient MMR system can
confer therapy resistance as cells fail to
recognise DNA damage and continue to
proliferate. Approximately 25% of sporadic
breast cancers show a deficient MMR
system [31].

Apoptosis and Drug Resistance
Apoptosis induced cell death, is one of the
key mechanisms of action of chemothera-
peutic agents [32]. It is postulated, that
defects in the pathways involved in apop-
tosis may result in drug resistance [33]. In-
vitro studies have shown that the p53
pathway is required for the initiation of
apoptosis following treatment with 5-FU,
adriamycin and etoposide chemotherapy
[34]. Furthermore, in breast cancers, loss
of p53 is found to confer resistance to
DNA-damaging agents such as doxorubicin
[35]. The Bcl-2 apoptotic protein also plays
an important role in MDR. Imbalances in
the ratios of anti- and pro-apoptotic Bcl-2
family members may be associated with
therapy resistance. Studies have shown
Bcl-2 retards cytotoxic effects by the
prolongation of mitotic cell arrest [36] and
inhibition of DNA fragmentation [37].

PIP3/AkT Pathway and Drug
Resistance:
Activation of Phosphotidylinositol-
3kinase/ Phosphokinase B (AkT) is
reported to occur in breast, ovarian,
pancreatic and oesophageal cancers. AkT
is a serine / threonine kinase that plays a
key role in multiple cellular processes. AkT

Molecular mechanisms to chemotherapy resistance are a multifactorial phenomenon and
involve a complex interplay between cytotoxic drugs and intracellular molecular pathways

Figure 1: Representation of PIP3/AKT Pathway in Anticancer Therapy Resistance 
A general sketch of the PKB/AKT pathway. PIP3 is activated by PI3K and recruits AKT to the cell mem-
brane via activation of PDK1. AKT activation stimulates cell cycle progression, survival, metabolism and
migration through phosphorylation of many physiological substrates. Acquired chemotherapy resistance in
breast cancer occurs through cytotoxic drugs mediated activation of PIP3/AKT  inhibition of apoptosis via
downregulation of BAD protein. 
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is activated in response to many different
growth factors including insulin, inter-
leukin-3, interleukin-6 and VEGF and has
three isoforms, Akt1, 2, and 3 (or PKB
alpha, beta, and gamma). Activation of
AkT occurs via PDK1 through phospho-
tidylinositol-3kinase (PIP3) after ligands
binds to the receptors at the cell
membrane. Activation of AkT results in
different cellular processes such as cell
survival, proliferation and glucose

metabolism (Figure 1). The phosphotidyli-
nositol-3kinase / (AkT) pathway has been
implicated in acquired therapeutic resis-
tance in breast cancer, through evasion of
cell death [38]. In breast cancers, Akt acti-
vation is found to correlate with HER-
2/neu over expressions; Akt-induced
signalling is suggested to increase drug-
induced apoptosis resistance in cells over
expressing HER-2/Neu via Mdm2 phospho-
rylation [39].

Conclusion
In conclusion, drug resistance is a multi-
factorial phenomenon which may involve a
complex interplay between cytotoxic drugs
and various intracellular molecular path-
ways. Personalised medicine in the future
will allow the identification of patients
who will benefit from a particular therapy,
through routine screening of molecular
biomarkers.
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