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Abstract 
Breast cancer is a leading cause of death in women worldwide. Literature review 
assembles and compares available data on breast cancer clinical stage, time 
intervals to care and access barriers in different countries. It provides evidence 
that while more than 70% of breast cancer patients in most high-income 
countries are diagnosed in stages I and II, only 20%-50% patients in the majority 
of low- and middle income countries are diagnosed in these earlier stages. 
Recent improvement in the understanding of the molecular and genetic 
alterations underlying breast cancer progression and development has provided a 
platform to develop novel therapeutic strategies for breast cancer. According to 
new hypothesis, the development of novel treatment for breast cancer will result 
from identification of specific molecular targets that are exposed in studies 
designed to illuminate the gene and molecules involved in breast tumorigenesis.  

This review highlights the basic, pathophysiology and classification of breast cancer, challenges including multidrug 
resistance (by ABC transporter, P-glycoprotein, MDR-associated Protein (MRP1), breast cancer resistance protein 
(BCRP), drug resistance in breast cancer, multidrug resistance in breast cancer cells in vitro), microtubules 
alteration, altered enzyme, p-53 tumor suppressor gene and cell cycle, alteration in DNA repair processes, cell death 
response, difficulty to treat metastatic stage, unable to reach the target site. It also deals with opportunities and 
advance imaging techniques in breast cancer treatment. 
 
Keywords: Breast cancer, Multidrug resistance (MDR), Human epidermal growth factor-2 (HER-2), Therapeutics, 
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1. Introduction 
An improvement in the understanding of breast 
cancer development and progression and the 
development in the targeted approaches, breast 
cancer remains challenging problem and become a 
second leading cause of cancer related death in 
women. According to recent reports the breast 
cancer–related deaths are mainly due to the 
“incurable” nature of metastatic breast cancer 
(MBC). It is estimated that about 6% of patient 
have metastatic disease at the time of diagnosis 
and 20-50% patient first diagnosed with primary 
breast cancer will eventually develop metastatic 
disease. Even with the remarkable advances in 
research and clinical management, the current 
treatment strategies for breast cancer metastasis 
still largely rely on the use of systemic cytotoxic  

 
agents, which frequently deteriorate the patient's 
life quality due to severe side effects and, in many 
cases, have limited long-term success. Only 26% 
of patient are survive for 5-years, due to poor 
diagnosis for MBC patients. So, MBC remains the 
most challenging problem facing both cancer 
researcher and oncologist.1 
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1.1 Breast Cancer 

According to the last Global Cancer Statistics 
(GLOBOCAN 2018), breast cancer represented 
11.6% of all cancers, which places this disease as 
the second most commonly diagnosed cancer after 
lung cancer and caused 6.6% of the total cancer 
deaths in 20182. Among women, incidence rates 
for breast cancer significantly exceeded those for 
other cancers in both transitioned and 
transitioning countries, it remaining as a 
remaining as most commonly diagnosed cancer 
and the prominent cause of cancer death in 
women worldwide2. Although for the majority of 
breast cancer patients it is not possible to identify 
a specific risk factor, these are diverse and well 
documented and include obesity, physical 
inactivity, alcohol consumption, use of hormone 
therapy, high breast density  and hereditary 
susceptibility due to mutations in autosomal 
dominant genes, which represents between 5–10% 
of all breast cancer cases in women. Among these 
genetic alterations, mutations affecting BRCA1 
and BRCA2 genes, which control DNA repair and 
transcriptional regulation in response to DNA 
damage, can lead to the accumulation of genetic 
alterations and greatly increase lifetime risk to 
develop different types of malignancies, including 
breast cancer3. Indeed, mutations in BRCA1 and 
BRCA2 genes are associated with an increased 
risk of inherited breast and ovarian cancer, 
representing the strongest susceptibility markers 
that have been identified for breast cancer 
worldwide, with an estimated 45–80% lifetime 
risk of breast cancer for BRCA1-BRCA2 
mutation carriers3. In a similar manner, mutations 
affecting TP53 are also related to triple negative 
breast cancer. As with other types of cancer, early 
diagnosis greatly increases the chances for 
successful treatment, allowing for a 20% 
reduction in overall mortality rates4. In this regard, 
despite reported handicaps of screening programs 
like high over diagnosis rates and costs, risks that 
are derived from ionizing radiation, or false 
positive biopsy recommendations, both 
mammography, breast self-examinations, clinical 
breast examinations, digital breast tomosynthesis, 
ultrasonography, magnetic resonance imaging  
and oncogene identification represent the main 
tools for early diagnosis, sorting out  and 
prevention of risk factors as well as timely 

treatment to lessen breast cancer morbidity4. 
Besides screening programs, adjuvant 
chemotherapy has also had a significant impact on 
the prognosis of breast cancer patients, having 
significantly improved their overall survival, 
disease-free survival and death rates related to 
breast-cancer since the early 1990s5.  
1.2 Pathophysiology of Breast Cancer  

The mechanism of breast cancer initiation remains 
unknown. But many efforts have been made to 
molecularly illustrate breast cancer and describe 
its formation and progression. The clonal 
evolution model (in which mutation accumulate, 
epigenetic changes in tumor cells takes place  and 
the survival of ‘fittest’ cells) and cancer cell stem 
model (where precursor cancer cell initiate and 
sustain progression) are both implicated  and 
further the cancer stem cells may also evolve in a 
clonal fashion6. At morphological level, there is a 
variety of lesions and genetic modifications from 
normal glands to cancer. Next to molecular level, 
there is evidence showing that breast cancer 
evolves along two molecular divergent molecular 
pathway of progression, i.e. ER expression and 
tumor grade and proliferation. Additionally, the 
identification of breast cancer liability genes has 
shed the light on some characteristics of diagnosis 
of both sporadic and inherited breast cancer. 
According to molecular pathway, first pathway is 
low-grade-like pathway, which is identified by 
gain1q, loss 16, infrequent amplification of 17q12 
and a gene expression signature (GES) with a 
majority of genes associated with ER phenotypes, 
diploid or near diploid karyotypes and low tumor 
grade. This pathway involves in luminal A group 
and to luminal B type of breast cancer. The 
second pathway i.e. the high-grade-like pathway 
which is identified by loss of 13q, gain of 
chromosomal region 11q13, amplification of 
17q12 (containing ERBB2, encoding HER2) and 
an expression signature of genes involved in the 
cell cycle and cellular proliferation7. Tumor 
composed of intermediate to high grade, including 
HER2-positive tumors and TNBC, fall into this 
pathway. 
1.3 Classification of breast cancer on the 

molecular basis  

Several reports recognized that the complexity 
and heterogeneity of breast cancer. Subdivision of 
primary breast cancer into distinct subtype, but 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Raikwar & Jain, 11(7):6858-6873, 2020 

 

International Journal of Pharmacy & Life Sciences                  Volume 11 Issue 7: July. 2020                            6860 

varies in diagnosis and treatment strategies8. 
Commonly, such alterations are made by 
pathologist through a sub-classification on the 
basis of tumor stage (size, invasiveness and 
metastatic status), grade (differentiation state), 
origins (ductal or lobular) and immuno 
histochemical staining. Standard immune-
histochemical staining consists of progesterone 
receptor (PR), estrogen receptor (ER) and human 
epidermal growth factor receptor (HER2) levels. 
A year ago, advance technological expression 
array analysis, provide a new tool for cancer 
research. Microarray-based expression profiling 
of breast tumors demonstrated that tumor subtypes 
can be differentiated according to their gene 
expression profiles. These different molecular 
subtypes include normal breast-like, basal, 
luminal A, luminal B and HER2/ERBB2 
amplified/overexpressing breast cancers9. The 
existing pathological classification in combination 
with molecular classification has proven to be an 
important source of information. Luminal breast 
cancers (comprising about 70% of the total 
population) are typically ER-positive and lower 
grade tumors. The gene expression patterns of 
these cancers are related to normal cells that line 
the breast ducts and glands, referred to as the 
lumen9. The ‘molecular classification’ shown that 
there are two subclasses of ER-positive tumors. 
The luminal A subtype is a more aggressive 
luminal B subtype, although these subtypes likely 
represent the different ends of the ER-positive 
spectrum of tumors. Another type is 
HER2/ERBB2 tumors which are characterized by 
significant increase in expression of ERBB2 
oncogene, usually due to amplification of the 
chr17q21 genomic region. These tumors are 
typically faster growing than the luminal cancers, 
have a higher grade and a worse diagnosis10. A 
neutralizing antibody that targets HER2 
(trastuzumab) has provided substantial benefit to 
patients with HER2-positive tumors. 
Approximately 50% of HER2 overexpressing 
tumors are ER positive with both ER-negative and 
ER-positive tumors possessing a similar clinical 
benefit on trastuzumab treatment but with 
minimal response to tamoxifen or other endocrine 
treatments11. However, therapy is often combined, 
circumventing intrinsic resistance. The basal 
subtype tumors, a.k.a. triple negative (negative for 

ER, PR and HER2) are often high grade and have 
an unfavorable diagnosis. BRCA1 tumors are 
more frequently triple negative, even though not 
all triple-negative tumors are basal tumors and not 
all triple-negative or basal tumors harbor BRCA1 
mutations. A fifth molecular subtype has recently 
emerged, the ‘low claudin-like’, most commonly 
found in metaplastic tumors that exhibit a more 
epithelial to mesenchymal phenotype and stem 
cell-like properties. The use of gene expression 
microarrays to discriminate different tumor 
subtypes has led to a number of prognostic tools 
based on subsets of specific genes, although the 
validity of these warrants additional 
investigations. These studies have suggested that 
different treatment strategies might be optimal for 
each tumor subgroup. Indeed, the ERBB2/HER2 
amplified subgroup responds favorably to targeted 
therapies that inhibit the HER2 protein, improving 
overall disease-free survival12. Luminal breast 
cancers are typically ER positive and are, as a 
consequence, more likely to respond to endocrine 
treatment, while patients with triple-negative 
basal-like tumors lack a single-defining drug-able 
target and are generally treated with 
chemotherapeutic agents. Despite the fact that 
several endocrine therapies exist for luminal 
tumors, ER-positive breast cancers can relapse. 
Interestingly, tumors that were resistant to one 
endocrine treatment can still potentially respond 
to alternative agents13. This recommends that each 
tumor requires its own unique pallet of cellular 
modifications in order to attain resistance to that 
specific compound. This seems to be the case, 
both in primary breast tumors and in tissue 
culture-based experiments. The resistance 
mechanism remains obscure for most of endocrine 
treatment. In the case of tamoxifen treatment, 
multiple mechanisms of resistance have thus far 
been defined. These mechanisms tend to include a 
deregulation of certain kinase pathways, leading 
to a phosphorylation of the receptor itself or its 
cofactors, which appear to play a causal role in 
drug resistance14.  
1.4 Diagnosis of Breast Cancer  

Standard diagnostic factors including age, stage, 
tumor grade, tumor type and lymphovascular 
status. Breast cancer before 35 years of age is rare 
(75 years of age) experience 17% higher disease-
specific mortality than younger patients15. With 
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the extent of mammography screening, the stage 
at diagnosis has decreased and, concomitantly, the 
natural history of breast cancer has changed; 
prognostication, therefore, relies on tumor biology 
(histological type, grade, lymphovascular invasion 
and theranostic marker status). For ER-negative, 
HER2-negative breast cancers and for HER2-
positive breast cancers, the presence of tumour-
infiltrating lymphocytes is associated with good 
diagnosis16. The combination of chemotherapy 
and targeted therapy are used in the treatment of 
HER2-positive breast cancer and TNBCs. Breast 
cancer before 35 years of age is rare (75 years of 
age) experience 17% higher disease-specific 
mortality than younger patients15. With the extent 
of mammography screening, the stage at diagnosis 
has decreased and, concomitantly, the natural 
history of breast cancer has changed; 
prognostication, therefore, relies on tumor biology 
(histological type, grade, lymphovascular invasion 
and theranostic marker status). For ER-negative, 
HER2-negative breast cancers and for HER2-
positive breast cancers, the presence of tumor-
infiltrating lymphocytes is linked with good 
diagnosis16. TNBCs and HER2-positive breast 
cancers are generally treated with chemotherapy 
with or without targeted therapy. 
2. Challenges in breast cancer treatment 
Several challenges are occur during the treatment 
of breast cancer. These challenges lead to reduce 
the therapeutic outcomes of therapy. It also 
reduces the efficacy and enhances the side effects 
associated with drugs. Several challenges during 
the therapy includes, multidrug resistance (by 
ABC transporter, P-glycoprotein, MDR-
associated Protein (MRP1), breast cancer 
resistance Protein (BCRP), drug resistance in 
breast cancer, multidrug resistance in breast 
cancer cells in vitro), microtubules alteration, 
altered enzyme, p-53 tumor suppressor gene and 
cell cycle, alteration in DNA repair processes, cell 
death response, difficulty to treat metastatic stage, 
unable to reach the target site. To overcome these 
challenges, several measures are taken into 
considerations which are as follow; 
pharmacogenomics and imaging techniques, drug-
induced reversal of tumor resistance, novel 
antineoplastic agents, new targeted therapies for 
treatment of metastatic breast cancer, provide a 
better understanding of breast cancer metastasis at 

the molecular and cellular level, introduce cutting-
edge technologies in metastatic breast cancer 
detection, including clinicopathologic detection, 
circulating tumor cells (CTC) detection  and 
advanced imaging and solicit innovative ideas in 
basic, translational research and clinical patient 
management. The symposium led to a positive 
consensus notion that we will be able to prevent 
and to a lesser degree, treat metastasis and 
ultimately save most patients from metastatic 
deaths in the foreseeable future. So, these methods 
could use to overcome these challenges and 
provide a promising strategy for the treatment of 
breast cancer17.  
2.1 Multidrug resistance (MDR) 

The management of breast cancer associated with 
major problem of resistance during chemotherapy. 
It includes many of the initially responsive tumors 
relapse and developed resistance to many 
anticancer agents of different structure and 
mechanism of action18. This is known as 
multidrug resistance (MDR). The mechanism of 
resistance is still unclear, but it may be due to 
precise nature of resistance and potential role of 
drug resistance genes involved in passage of 
anticancer drugs. To overcome drug resistance, a 
well understanding of the underlying molecular 
mechanisms of chemotherapy resistance is 
essential in order to produce successful 
therapeutic strategies. Drug resistances can be 
mediated by a number of different mechanisms. It 
may be due to an increase in the activity of ATP-
dependent efflux pumps resulting in reduced 
intracellular drug concentrations. Agents 
commonly associated with this type of resistance 
include doxorubicin, daunorubicin, vinblastine, 
vincristine and paclitaxel. It can also be caused by 
a reduction of cellular drug uptake. Water-soluble 
drugs may attach to transporters carrying nutrients 
and therefore fail to accumulate within the cell. 
Resistance to drugs like cisplatin, 8-azaguanine 
and 5-fluorouracil is mediated by this 
mechanism19. Another general mechanism of 
resistance involves the activation of regulated 
detoxifying systems such as the cytochrome P450 
mixed function oxidases and also of increased 
DNA repair. In addition, resistance can result 
from defective apoptotic pathways due to 
malignant transformation, a change in the 
apoptotic pathway during exposure to 
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chemotherapy, or changes in the cell cycle 
mechanisms that activate checkpoints and prevent 
initiation of apoptosis. Other mechanisms 
involved in drug resistance include lack of drug 
penetration, modification of the ability to activate 
prodrugs and alterations in drug targets. The 
different mechanism of drug resistance are shown 
in Fig. 1 

 
Fig.1: Different mechanisms of drug resistance 

 

2.2 ABC Transporters 

ATP-binding cassette transporters (ABC-
transporters) are the trans-membrane transporter 
proteins have been displayed in the resistant 
cancer cells to anticancer drugs. It utilizes the 
energy of adenosine triphosphate (ATP) 
hydrolysis to carry out biological processes. ABC 
transporters can be divided into three functional 
categories: Importers mediate the uptake of 
nutrients into the cell (amino acids, sugars, ions 
and other hydrophilic molecules). Exporters pump 
toxins and drugs out of the cell. The final category 
of ABC proteins are involved in translation and 
DNA repair processes. Human ABC genes have 
been identified to date, these have been divided 
into 7 subfamilies (ABCA-ABCG) based on their 
sequence homology and domain organization20. 
All proteins in the ABC family are characterized 
by two distinct domains, the trans-membrane 
domain (TMD) and also known as the membrane 
spanning domain or the integral membrane 
domain and the nucleotide-binding domain 
(NBD). The TMD recognizes a variety of 
substrates and undergoes conformational changes 
to transport these across the membrane. The 
sequence and structure of TMDs is variable, 

reflecting the chemical diversity of substrates that 
can be translocated. The NBD or ATP-binding 
cassette (ABC) domain is located in the cytoplasm 
and has a fixed sequence and structure where 
ATP-binding occurs. The attentions on P-
glycoprotein (PGP), multidrug resistance-
associated protein 1 (MRP1) and breast cancer 
resistance protein (BCRP), are the main ABC 
transporters implicated in the development of 
multidrug resistance in breast cancer21.  
2.3 P-glycoprotein (PGP) 

First ABC transporter recognized as 
overexpressed protein in breast cancer cell lines 
displayed MDR and has wide tissue distribution. 
Mouse PGP, which has 87% sequence 
morphology to human PGP in a drug-binding 
state, has recently been described22. PGP is a 
broad spectrum multidrug efflux pump that has 
12trans-membrane domains and two ATP-binding 
sites. It is involved in the transport of neutral and 
cationic hydrophobic compounds (vinblastine, 
vincristine, doxorubicin, daunorubicin, etoposide 
and paclitaxel) out of cells. For transport via PGP, 
extraction of the drug directly from the 
cytoplasmic side of the lipid bilayer often occurs. 
Most PGP substrates readily partition into the 
plasma membrane and lipids are required for drug 
stimulated ATPase activity. PGP is a 
unidirectional lipid flippase that transports 
phospholipids from the inner to outer sections of 
the bilayer22.   
2.4 MDR-Associated Protein (MRP1) 

Different organ and cell type including breast 
cancer cell lines displayed expression of MRP123. 
Several reports demonstrated that overexpression 
of MRP1 leads to cells becoming resistant to a 
wide variety of anticancer drugs, for example, 
doxorubicin24. MRP1 is a drug efflux transporter 
with broad substrate specificity. For many drugs, 
MRP1-mediated transport is stimulated by the 
presence of glutathione. Unlike PGP, which tends 
to be located in the apical membranes of epithelial 
cells, MRP1 is located basolaterally. MRP1 has a 
similar structure to PGP and also requires two 
molecules of ATP as its energy source, but the 
nucleotide binding sites 1 and 2 (NBD1 and 
NBD2) differ in their affinity for ATP. The 
substrate binds to the MRP1 trans-membrane 
domain causing a conformational change of the 
protein, which initially induces ATP-binding at 
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NBD1. Further changes in conformation enhance 
ATP binding atNBD2. When both NBD1 and 
NBD2 are occupied, the bound substrate is 
transported out of the cell. ATP bound at NBD2 is 
then hydrolyzed  and the subsequent release of 
ADP from NBD2 partially returns MRP1 back to 
its original conformation, facilitating the release 
of the ATP bound at NBD1 completing the 
cycle25.  
2.5 Breast Cancer Resistance Protein (BCRP) 

Different anticancer drug such as mitoxantrone, 
camptothecins, anthracyclines, flavopiridol and 
anti-folates are associated with the BCRP 
expression in a variety of tumors which leads to 
resistance of drugs. Unlike PGP and MRP1, the 
BCRP protein consist only one trans-membrane 
domain and one nucleotide binding domain. Two 
molecules of BCRP are bound by a disulfide 
bridge to form a functioning homodimer26. The 
mechanism of drug transport facilitated by BCRP 
has not been investigated in as much detail as that 
of PGP and MRP1, but it is thought to be similar 
in some steps, involving a cycle of substrate 
transport and ATP hydrolysis. Stem cells and 
tumor cells in a hypoxic surrounding may be 
protected from anticancer drugs due to an 
increased expression of BCRP induced by 
hypoxia27. Hoechst 33342 and rhodamine-123 
have been utilized to investigate the efflux 
efficiency of these substrates in mammary stem 
cells28. Hoechst 33342 is a substrate of BCRP and 
causes BCRP-positive cells to display a unique 
“side population” phenotype. Stingl et al. reported 
a small proportion of mammary stem cells were 
found to possess a side population phenotype and 
only a small minority of cells effluxed Hoechst or 
rhodamine. The results suggest that in the 
distinction to haematopoietic stem cells, there is 
no increase in BCRP in the mammary stemcells28.  
2.6 Drug Resistance in Breast Cancer 

Development of drug resistance is the major 
problem in the treatment of breast cancer. 
Response rates to first line chemotherapies in 
metastatic breast cancer, either single or a 
combination of drugs, are around 30%–70% and 
the disease-free period following treatment is 
often only 7–10 months. The role of ABC 
transporters in breast cancer MDR has been 
investigated by evaluation of gene and protein 
expression in tumor samples using RT-PCR, 

Western blot and immuno-histochemistry. The 
levels of expression have then been scored and 
linked to treatment response and outcome. It is 
difficult to generate accurate overall measures of 
ABC transporter expression due to the 
heterogeneity of the tumors and changes 
inexpression due to therapy. Additionally, the 
large number of different proteins involved in 
mediating MDR means that there is significant 
redundancy in the system. Ultimately, it is the 
combined activity of the expressed ABC 
transporters over the course of disease progression 
that determines the tumor response to therapy29.  
2.7 Multidrug Resistance in Breast Cancer 

Cells in vitro 

Recently, in vitro models were used for 
experimental manipulation to determine the 
complex role of ABC transporters in MDR, which 
is not permitted in clinical studies. Expression 
levels of the relevant proteins have been modified 
in breast cancer cell lines  and the resulting 
alterations in sensitivity to various anticancer 
drugs assessed. Effects of anticancer drugs on 
expression levels of the individual ABC 
transporters have also been determined, alongside 
functional assays of ABC-mediated drug transport 
a cross cell monolayers. They describe some 
examples of in vitro approaches that have been 
utilized to investigate the relationship between 
expression and activity of ABC transporters and 
sensitivity to chemotherapeutic agents. Hembruff 
and colleagues generated a panel of MCF-7cell 
lines selected for resistance to various 
chemotherapy drugs and used these to study how 
expression of drug transporters related to drug 
uptake and sensitivity30. The cell lines were 
resistant to either paclitaxel (MCF-7tax-2), 
docetaxel (MCF-7txt), doxorubicin (MCF-7dox-2) 
or epirubicin (MCF-7epi). Cellular uptake of 3H-
paclitaxel, doxorubicin and epirubicin was 
evaluated to determine any relationship between 
drug accumulation and resistance. A threshold 
drug concentration was required for both taxanes 
and anthracyclins for the cells to acquire drug 
resistance and there was a significant degree of 
cross-resistance to drugs of the same class. 
Taxane-resistant cells exposed for 2 weeks to 
increasing concentrations of taxanes had 
significantly reduced 3H-paclitaxel accumulation, 
with uptake as low as 2% of control in MCF-7tax-
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2 cells. Very similar data were observed for 
anthracyclin-resistant cell lines, anthracyclin 
resistance was associated with a reduction in drug 
uptake. However, in both cases there was no clear, 
dose-dependent correlation between changes in 
drug accumulation and degree of resistance. 
Whether the levels of expression of MDR-
associated transporters were linked to acquisition 
of drug resistance was determined by real-time 
PCR analysis and western blotting. There was a 
substantial increase in ABCB1/PGP protein levels 
in MCF-7tax-2, MCF-7txt and MCF-7epi and in 
ABCC1/MRP1 in MCF-7dox-2 cells, supporting 
that drug resistance is associated with both 
modified drug accumulation and increased levels 
of a subset of ABC transporter proteins. 
Combining results indicated that there is an 
association between the onset of drug resistance 
and reduced drug uptake, additional mechanisms 
must be involved in determining the sensitivity of 
the cells to chemo therapeutic agents. One method 
for determining the functional activity of ABC 
transporters is by using the Caco-2 cell model of 
trans-epithelial drug transport31. For determination 
of apical to basolateral drug transport (i.e., 
absorptive), the drugs are added to the apical side 
of the cell monolayer and medium added to the 
basolateral side. At regular time intervals medium 
is removed from the basolateral side and the 
concentration of drug determined using high 
performance liquid chromatography (HPLC). The 
determination of baso-lateral to apical drug 
transport (i.e., secretory) is measured in the same 
system by adding drugs to the opposite side of the 
monolayer. When this model system was used to 
study transport of belotecan and topotecan in the 
presence of PGP, MRP2 and BCRP inhibitors, the 
inhibitors caused a significant reduction in the 
secretory flux of both drugs. Consistent with this 
decrease, the absorptive fluxes of the drugs were 
considerably increased by the apical presence of 
the inhibitors of PGP and MRP1, but not by 
inhibitors of MRP2 or BCRP. These data suggest 
that BCRP, PGP and MRP2 are all involved in the 
transport of belotecan and topotecan, supporting 
that there is considerable redundancy in the MDR 
system. Other models for investigating trans-
epithelial drug transport include the use of 
MDCKII and LLC-PK cells over expressing one 
or several of the ABC transporters. A difference 

between efflux ratios in the transfected cells 
compared to the parental cells lines indicates 
transporter-mediated active drug uptake or 
efflux17.  
2.8 Microtubule alterations  

The β-subunit of tubulin in microtubules is the 
binding site for paclitaxel, which suppresses 
microtubule dynamic instability and ultimately 
causes mitotic arrest and cell death. It has been 
suggested that overexpression of the β-tubulin III 
isotype induces paclitaxel resistance32.  In clinical 
studies, overexpression of β-tubulin III has been 
identified as a potential biomarker for paclitaxel 
resistance in patients with advanced breast cancer. 
Moreover, overexpression of β tubulins type I–IV 
may be associated with resistance to docetaxel 
therapy33. In addition to the modification of 
expression levels of the different tubulin isotypes, 
studies have shown altered levels of polymerized 
tubulin in anti-microtubule-resistant cells. Several 
other reports highlighted that the reductions in 
levels of tubulin may be a mechanism of taxane 
resistance34.  Several mutations in β-tubulin have 
been identified in vitro that confer drug resistance 
to several anti-microtubule agents. However, the 
significance of these tubulin mutations in the 
clinical setting has to be corroborated and further 
investigation is required35.  
2.9 Altered enzymes  

The genomic stability is maintained by the 
topoisomerases enzyme, which is the main 
enzyme for the DNA replication. The mechanism 
of action of anthracyclines (anticancer drug) is to 
intercalate with DNA leading to the inhibition of 
topoisomerases II enzyme. Other agents that 
target topoisomerase II are the 
epipodophyllyotoxins, e.g. etoposide (VP-16) and 
the anthraquinone, mitoxantrone. Both agents 
have recently been trialed in MBC patients and 
have shown activity in this setting36. Extensive 
studies have been performed to clarify 
mechanisms that result in resistance to 
topoisomerase II directed therapies and changes in 
the expression levels of the target enzyme are 
commonplace findings in such studies. In a breast 
cancer cell line MDA-MB-231 with acquired 
resistance to etoposide a marked decrease in both 
topoisomerase II α and β forms was seen which 
was seen in the absence of P-gp or MRP over 
expression37. Other enzymes relevant to drug-
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resistant breast cancers are those involved in 
mechanisms that result in a reduced sensitivity to 
cyclophosphamide. Up-regulation of the enzyme 
aldehyde dehydrogenase (ALDH) isoforms 
ALDH1A1 and ALDH3A1 has been shown to 
detoxify aldophosphamide, the precursor of the 
active alkylating species phosphamide mustard. 
Breast adenocarcinoma cells have been shown to 
express several-fold higher levels of ALDH3A1 
compared with normal tissues. Several strategies 
have been recommended to circumvent the 
activity of ALDH, such as antisense RNA or by 
direct inhibition of the catalytic activity of the 
enzyme. The glutathione S-transferases (GSTs) 
are cytosolic enzymes involved in drug-
metabolising phase II conjugation reactions. They 
are thought to be particularly relevant to the 
detoxification of cyclophosphamide. There are 
multiple genetic polymorphisms of GSTs in 
humans and there is some evidence to suggest that 
these may affect the clinical response to 
cyclophosphamide and contribute to inter 
individual differences seen in the metabolism of 
this drug38. A recent study describe a microarray 
based approach to measure tissues taken from 
breast cancer patients prior to treatment with the 
taxane (docetaxel) identified a number of redox 
enzyme genes i.e. thioredoxin, glutathione-s-
transferase and peroxiredoxin as predictors of 
chemo-unresponsiveness. Although the patients in 
this study had either primary breast cancers or 
locally recurrent disease these outcomes may also 
have applicability in the metastatic setting where 
chemoresistance to taxanes is apparent39.  
2.10 p53 tumor-suppressor gene and cell cycle  

The tumor-suppressor gene p53 plays an essential 
role in inducing apoptosis in response to cellular 
damage, including DNA damage. In fact, p53 is 
consistently quoted as being the most frequently 
mutated gene in human cancers. In a study 
assessing the National Cancer Institute (NCI) 
panel of human tumor cell lines, the majority of 
breast cancer cell lines were mutant for p53. 
Deletions and point mutations are observed in at 
least 50% of all tumors with an approximately 
25% incidence in sporadic breast cancers. p53 
mutation leads to development of resistance to 
doxorubicin in breast cancer patients40. Mutated 
p53 with consequential loss of function, for 
example, was shown to abolish trans-activation of 

p21waf-1 leading to tumor resistance, due to 
tolerance of the insult and reduced apoptosis. 
However, the data can sometimes be conflicting; 
for example, disruption of p53 in epithelial breast 
cancer-derived MCF-7 cells can give rise to an 
increase in platinum sensitivity. Scudiero et al. 
reported the doxorubicin resistant line MCF-
7/ADR, which is still used widely by the cancer 
research community, could not have been derived 
from parental MCF-7 cells and a laboratory error 
was thus highlighted. Apart from this some 
reports also show an association between p53 
mutations and modified chemo responsiveness41. 
Geisler et al. demonstrated an association of p53 
mutation with c-erbB2 expression. This study 
concluded that other factors together with p53 
mutations were shown to correlate with resistance 
to doxorubicin. Interestingly, for breast cancer 
patients with metastatic disease, tumors harboring 
wild-type p53 were shown to be less likely to 
respond to paclitaxel42. Deregulation of the cell 
cycle is recognized to be closely associated loss of 
the regulatory role of p53 and there are particular 
scenarios of this defined in the context of breast 
cancer. For example, over expression of cyclin E, 
sometimes of a low molecular weight form of 
cyclin E can lead to enhanced entry into S-phase 
without checkpoint control and regulatory arrest 
that would otherwise be controlled by wild type 
p53 function. 96 The result is unregulated cell 
cycle that is devoid of arrest or commitment to 
cell death a process fundamental to 
carcinogenesis43.  
2.11 Variations in DNA repair processes 
The problem of tumor resistance in breast cancer 
is particularly related to the DNA repair 
processes. Mutations in breast cancer 
susceptibility gene 1 (BRCA1) cause a reduction 
in homologous recombination repair (HRR) of 
DNA double-strand break repair and crosslinks, 
which ultimately leads to genomic instability. 
Another mechanism that has a broader relevance 
to the problem of tumor resistance in breast cancer 
(bearing in mind the small percentage of breast 
cancers that are associated with BRCA genes) is 
mismatch repair (MMR). Low or absent 
expression of hMLH1 and hMSH2 genes involved 
in MMR – occasionally due to epigenetic 
silencing – has been displayed to correlate with 
low response rates to cyclophosphamide, 
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methotrexate  and fluorouracil (CMF) therapy in 
breast cancers44. Deficiencies in MMR are 
correlated with microsatellite instability in breast 
carcinomas and this has been shown to be 
particularly relevant to tumor resistance to 
topoisomerase poisons such as the anthracyclines, 
but not to the taxanes. p53 plays an integral role in 
HRR as BRCA can decrease its trans-activating 
activity, thus controlling the extent of cell-cycle 
arrest following DNA damage44.  
2.12 Cell death responses  

Programme cell death is mediated by two routes 
i.e mitochondrial (intrinsic pathway) and cell 
surface receptor (Fas) mediated (extrinsic 
pathway). The breast cancer cell line MCF-7 is 
well cited for its lack of the downstream 
executioner caspase-3 expression. MCF-7 cells 
can undergo apoptosis by the sequential activation 
of caspases-9 (associated with mitochondrial 
mediated apoptosis), -7 and-6. Recently, a splice 
variant form of caspase-3 has been shown to be 
overexpressed in chemo-resistant, locally 
advanced breast cancers and is particularly 
associated with response to cyclophosphamide45. 
It is measured that caspase-7 can compensate for 
the absence of caspase-3, MCF-7 has also 
emerged as an important model of non-caspase-
mediated cell death, sometimes referred to as 
‘‘autophagy’’. The significance of autophagic cell 
death in cancer chemotherapeutic tumor resistance 
is at present unclear, but is an interesting area of 
research. In considering anticancer drug resistance 
the data in terms of number of reports are 
weighted far more in the direction of studies 
relating to the intrinsic pathway, rather than the 
extrinsic pathway. However, the fas receptor has 
been shown to be down-regulated in breast cancer 
and many breast cancer cell lines have been 
shown to be fas resistant. In consideration of the 
intrinsic pathway, the Bcl-2 family of proteins are 
pivotal and can be subdivided into two main 
types, (1) pro-apoptotic i.e. Bax and Bak and Bid, 
Bim, Bad and PUMA; (2) anti-apoptotic 
subfamily Bcl-2, Bcl-xl and Mcl-1 which block 
the release of pro-apoptotic molecules by the 
formation of heterodimers. Hence, the relative 
concentrations of pro-apoptotic vs anti-apoptotic 
Bcl-2 protein family determines whether cells 
survive or undergo apoptosis and may form the 
basis for anticancer drug resistance in some 

instances. The phosphorylation state of the Bcl-2 
onco-proteins has been shown to modulate 
response to taxanes46. The survivin gene is a 
member of the IAP (inhibitor of apoptosis) genes 
and is expressed in high amounts in a number of 
tumors – including breast carcinomas where it has 
been shown to be associated with a poor 
prognosis. Moreover, a positive relationship was 
revealed between survivin and Bcl-2 using 
immunohistochemistry and was associated with 
an assessable reduction in apoptotic index i.e. 
reduction in TUNEL-positive compared with total 
number of breast cancer cells. A positive 
correlation has also been seen for survivin and 
COX-2 in recurrent DCIS. There are currently no 
similar data available for MBC. There is a basis 
for considering surviving as a therapeutic target in 
the treatment of chemo-resistant breast cancers, 
including those in the metastatic setting47.  
3.  Strategies used to Overcome Tumor 

Resistance 
3.1 Pharmacogenomics and imaging techniques 

The main strategy to overcome drug resistance is 
screening of factors that are identified to bring or 
confer resistance to chemotherapy. It is used to 
avoid subjecting patients to unnecessary, 
ineffective and potentially toxic treatment. The 
initiation of DNA microarray analysis with a 
whole human genome platform there is a faith that 
breast cancer patients can be stratified according 
to their “molecular structure”. It is also for those 
patients who can take advantages from particular 
therapies that already identified. Additionally 
gene expression profiles may help to determined 
treatment failure thus facilitating patient to switch 
to alternative drugs. The rational design to new 
therapy on the basis of data that generated in the 
form of a molecular signature that may help to 
identified new targets. One report described the 
clinical use of DNA microarray analysis involved 
breast cancer patients and “poor diagnosis 
signature” was characterized and is associated 
with decreased survival rate and involved gene 
relating to cell cycle, angiogenesis and invasion. 
Cleator et al. 2018 evaluated the response of 
breast cancers to particular chemotherapeutic 
regimens, such as doxorubicin and 
cyclophosphamide using gene expression 
profiling. Other reports are utilized to determine 
the use of microarrays to calculate response to 
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single chemotherapeutic agents such as 
docetaxel48. In the case of MBC DNA microarray 
analysis holds promise for identifying a patient’s 
risk of developing metastasis and could be used to 
help guide the choice of therapies to be given to 
that individual. The signatures can vary from only 
2 genes to in excess of 500 and many of these 
approaches are still being validated. On the basis 
of expression arrays using tissue samples from 
heavily pre-treated breast cancer patients, a 
number of gene have been recognized as potential 
new therapeutic targets. The drug development 
programme initiated with the help of various 
genes that were shown to be highly amplified 
including FGFR1, ADAM9, PNMT and NR1D1 
and they may also improve the efficiency of breast 
cancer therapy49. Alternative method such as 
reverse transcription polymerase chain reaction 
(RT-PCR) and IHC were used for the assessment 
of messenger ribonucleic acid (mRNA) 
expression and protein expression respectively to 
determine resistance to anticancer agents. In vivo 
evidence of the MDR1 phenotype can be 
identified using a specific and sensitive in vivo 
99mTc-sestamibi scanning technique. This has 
been investigated in untreated breast cancer 
patients and has the ability to identify functional 
P-gp based on the efflux (wash out) rate of 
99mTc-sestamibi from breast tumors. Using this 
method, tumor-to-background ratios have been 
shown to be significantly lower in patients with P-
gp than in those without and this is strongly 
correlated with IHC-measured P-gp expression. 
Studies have shown that tumor-to-noise ratios are 
useful in the calculation of response to 
chemotherapy with epirubicin and 
cyclophosphamide or docetaxel. A novel approach 
by antibody microarrays has been recently 
developed that may use to recognized a panel of 
proteins to differentiate between tumor resistance 
and tumor sensitivity in breast cancer cell lines. 
MDA-MB-231 cell line (doxorubicin-resistant cell 
line), it was found that lower expression of 
proteins, including MAP kinase and cyclin D2, 
were related with resistance to doxorubicin50.  
3.2 Drug-induced reversal of tumor resistance 

A number of clinical studies in several tumor 
type, demonstrated that the use of drugs that 
inhibit P-gp and MRP1 as a method for reversing 
resistance. First-generation P-gp inhibitors drugs 

include quinine, cyclosporine and tamoxifen etc. 
They did not significantly increase response rates 
and also associated with several toxicities. 
Second-generation P-gp inhibitors drugs include 
valspodar and biricodar. They required the dose 
reductions of the anticancer drug, due to 
pharmacokinetic interactions leading to excessive 
toxicities when these drugs were administered in 
combination, so compromising concentrations of 
the cytotoxic agents within tumor cells. Third-
generation P-gp inhibitors with fewer 
pharmacokinetic interactions, such as tariquidar, 
zosuquidar and laniquidar are currently in 
development. Although, the confirmation of 
tariquidar demonstrated it is a potent and effective 
P-gp inhibitor that can be safely administered with 
chemotherapy. It has display clinical activity in 
restoring sensitivity to anthracycline or taxane 
chemotherapy in chemotherapy- resistant, 
advanced breast cancer51. Preformulation studies 
of Tariquidar displayed that it has no influence on 
the pharmacokinetics of paclitaxel, vinorelbine 
and doxorubicin when administered to patient 
having solid tumor, so there is no need of dose 
reduction. Very recently, studies with flavonols 
such as kaempferol have been shown to reduce P-
gp expression and consequence in the inhibition 
of P-gp activity51. In the same study isoflavones, 
described as potential chemopreventive agents 
(e.g., genistein and daidzein), have also been 
shown to modulate intra-cellular drug 
concentrations by inhibiting P-gp function whilst 
not varying P-gp expression. Other compounds 
that have recently emerged as novel potential 
MDR reversing agents include the quinoline 
derivative dofequidar fumarate which has been 
shown to achieve well in breast cancer patients 
when given in combination with 
cyclophosphamide, doxorubicin and fluorouracil. 
There was a significant increase in response rate 
(24.6%) and increase in progression-free survival 
in favour of dofequidar. Natural diterpenes, 
triterpenes and carotenoids have also recently 
been shown to modulate MDR by inhibiting 
transporters by conformational change of the 
transporter protein. In addition to new compounds 
emerging with the potential for overcoming tumor 
resistance, new techniques are also being 
developed. One such technique, known as 
photochemical internalization, has revealed 
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promise in tackling the problem of MDR by 
rupturing endocytic vesicles, which can trap 
chemotherapeutic agents such as doxorubicin52.  
3.3 Novel antineoplastic agents 

Newer anticancer drugs that are not subject to 
these common mechanisms of tumor resistance 
may provide new opportunities in patients that are 
currently difficult to treat due to resistance. 
Agents to overcome specific resistance 
mechanisms such as BRCA-mutations are being 
investigated. Poly (ADP) polymerase (PARP) 
inhibitors may characterize as specific way of 
targeting BRCA-associated breast cancers. The 
activity of PARP inhibitors has been shown to be 
limited in breast cancer, but nevertheless these 
agents represent an interesting new class of 
targeted cancer therapy. Overcoming resistance 
due to P-gp is one of the key requisites for many 
developmental anticancer drugs. Novel 
microtubule-destabilizing agents, including 
pseudolaric acid B, are being investigated due to 
their ability to circumvent P-gp drug resistance. 
XRP-9881 (RPR-109881A) is a new taxoid that is 
under development in an attempt to overcome the 
problem of taxane resistance. XRP-9881 is 
minimally recognized by P-gp and has 
demonstrated preclinical anti-tumor activity in 

vitro and in vivo and has also demonstrated 
activity in a Phase II trial of patients with MBC 
after previous taxoid chemotherapy53. The 
epothilones are anticancer agents produced from 
the myxobacterium Sorangium cellulosum and 
have been shown to induce microtubule bundling, 
formation of multipolar spindles and, hence, 
mitotic arrest. The epothiloneB analog, 
ixabepilone, is the first epothilone analog in this 
new class of antineoplastic agents, which has been 
developed to optimize the characteristics of the 
naturally occurring epothilone B. Ixabepilone and 
paclitaxel suppress microtubule dynamics in a 
similar manner, but they are structurally distinct 
and have different binding modes to tubulin. The 
epothilones, unlike anthracyclines and taxanes, 
have low susceptibility to common resistance 
mechanisms including P-gp efflux and alterations 
in β-tubulin expression. Ixabepilone also does not 
induce tumor cells to overexpress P-gp or MRP1. 
Pre-clinical studies have displayed that 
ixabepilone is a highly active inducer of tubulin 
polymerization, which exhibits significant anti-

tumor activity in cell lines displaying acquired 
resistance to currently available drugs54. 
Outcomes of Phase II studies involving patients 
with MBC who were pretreated with or found to 
be resistant to taxanes, anthracyclines and 
capecitabine suggest that ixabepilone has activity 
in patients with multidrug-resistant breast 
cancer55. Ixabepilone is currently undergoing 
clinical evaluation in Phase III trials for the 
treatment of MBC and other types of cancer 
(including taxane resistant), as monotherapy and 
in combination with other agents such as 
capecitabine and trastuzumab. Ixabepilone, 
therefore, has the potential to be effective in a 
broad range of tumors and overcome many 
mechanisms of resistance55.  
3.4 New targeted therapies for the treatment of 

MBC  

Multi-targeting new cancer therapies include 
Lapatinib which has dual action against both 
HER1 and HER2. Lapatinib has been displayed an 
activity in preclinical models of trastuzumab 
resistance and also in breast cancer patients who 
have progressed on trastuzumab therapy56. There 
is now good evidence to suggest that lapatinib and 
trastuzumab have non-cross resistant mechanisms 
of action. Xia et al. have shown that lapatinib 
shows its anti-tumor activity in a PTEN-
independent manner whereas trastuzumab acts via 
a PTEN-dependent mechanism. PTEN – 
phosphatase and tensin homologue deleted on 
chromosome 10 – is a phosphatase that can down-
regulate phosphotidylinositol 3-kinase– Akt 
signalling and for this reason is considered as a 
tumor suppressor. There are numerous clinical 
trials involving anti-angiogenic therapies in breast 
cancer that are currently running. One study 
demonstrated the activity for the humanized 
monoclonal antibody therapy bevacizumab 
directed against VEGF in a number of tumor types 
including colorectal tumors and breast cancers. 
Miller et al. described a phase III clinical trial in 
which chemo- native breast cancer patients in the 
metastatic setting were given paclitaxel with or 
without bevacizumab with significant 
improvement in progression free survival, but not 
overall survival as compared to paclitaxel alone57. 
The dual targeting agent ZD6474, an orally 
available inhibitor of vascular endothelial growth 
factor receptor-2 (VEGFR- 2), tyrosine kinase 
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with activity against EGFR tyrosine kinase has 
been trailed in MBC in phase II trials. This 
therapy was well tolerated and there was no 
significant activity noted when given as 
monotherapy. Sunitinib (SU11248) is a multi-
targeting tyrosine kinase inhibitor of VEGFR1 
and VEGFR2, platelet derived growth factor 
(PDGFR), c-kit receptor and Flt3 and has shown 
action in pre-clinical models of breast cancer 
phase II trial of anthracycline and taxane-resistant 
MBC is currently ongoing with preliminary data 
demonstrating evidence of activity58. A completed 
phase II trial in pretreated MBC patients showed 
disease stabilization and partial responses with 
some toxicity necessitating dose reduction58. 
Sorafenib is an orally administered multi-kinase 
inhibitor that targets the Raf/MEK/ERK pathway 
and the receptor tyrosine kinases VEGFR-2 and 
PDGFR-b. This agent has been used in Phase I/II 
trials as a single-agent in MBC where it proved 
safe and well tolerated with modest stabilization 
of disease59.  
4. Advanced Imaging Techniques for 

Breast Cancer 
Cutting-edge imaging technology features a 
combination of multidimensional (e.g., three-
dimensional and above) and multimodality (i.e., a 
combination of various modalities) imaging. 
Scientist use these imaging technologies for 
comparison of detection potential in cancer 
imaging modalities, including computed 
tomography (CT), magnetic resonance imaging 
(MRI), positron emission tomography (PET), 
single photon emission computed tomography 
(SPECT), and the smaller physical footprint but 
more ubiquitous ultrasound. For breast cancer 
metastases, whole body imaging is an important in 
surveying and potentially targeting all possible 
sites as well as primary lesions. Presently, only 
PET intrinsically offers a capabilityin three 
dimensions, but its clinical limitation to a single 
tracer (e.g., fluorodeoxyglucose) limits its 
effectiveness in pinpointing disease type and 
staging more specifically. SPECT suffers from 
more physical limitations than PET but its 
reliance on many more available tracers makes it a 
viable contender, and even more so in its 
SPECT/CT manifestation. Other modalities, e.g., 
magnetic resonance imaging (MRI), are making 
strides toward whole body imaging as well and 

could soon become a good alternative or at least a 
complement to PET/CT for identifying and 
illustrating metastases. Advanced imaging has 
become a significant component in the 
management of MBC. By combining ever 
improving biological knowledge with 
sophisticated instruments and advanced computer 
imaging techniques, breast cancer metastasis will 
likely be better detected and targeted and potential 
therapies will be more objectively estimated, all of 
which should lead to an improved outcome for 
patients60, 61.  
5. Conclusions 
The treatment of cancer offer several challenges 
and opportunities during chemotherapy. The exact 
role of ABC transporters in breast cancer MDR 
has been challenging to pinpoint due to the 
complexity of the mechanisms involved. 
Investigations into the expression of these proteins 
in breast cancer cells and tumor samples have 
often demonstrated in conclusive and differences 
in the experiment all techniques have made it 
difficult to directly compare results between 
studies. Although a number of clinical studies 
have reported that high levels of tumor ABC 
transporters are associated with tumor 
progression, a clear association between 
expression levels and tumor sensitivity to 
chemotherapy or patient outcome has not been 
identified. Overall, further comprehensive studies 
are needed to fully explain the role that ABC 
transporters play in breast cancer multidrug 
resistance. A better understanding of this complex 
and dynamic system is essential to enable us to 
develop therapeutic strategies that by pass MDR 
and also effective ways of inhibiting MDR 
components to increase the efficacy of our current 
extensively used chemotherapies. To overcome 
these challenges several strategies are developed 
such as pharmacogenomics and imaging 
techniques, drug induced the reversal of tumor 
resistance, novel anti-neoplastic agents and new 
targeted therapies for the treatment of MBC. 
Advance imaging techniques used in breast cancer 
are discussed in this review, which help in the 
diagnosis and treatment of cancer. This review 
also provides a base for the designing of novel 
therapy with better therapeutic effect and devoid 
of such limitation. This could be employed in 
better understanding of pathophysiology of breast 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Raikwar & Jain, 11(7):6858-6873, 2020 

 

International Journal of Pharmacy & Life Sciences                  Volume 11 Issue 7: July. 2020                            6870 

cancer along with challenges and opportunities in 
the treatment.  
Acknowledgements 
Sarjana Raikwar (SRF) is highly obliged to Indian 
Council of Medical Research (ICMR, New Delhi) 
for rendering funding assistance. 
References 

1. Lu J, Steeg PS, Price JE, Krishnamurthy S, 
Mani SA, Reuben J, Cristofanilli M, Dontu G, 
Bidaut L, Valero V, Hortobagyi GN. Breast 
cancer metastasis: challenges and 
opportunities. 2009: 4951-4953. 

2. Bray F, Ferlay J, Soerjomataram I, Siegel 
RL, Torre LA, Jemal A. Global cancer 
statistics 2018: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 
cancers in 185 countries. CA: a cancer journal 
for clinicians. 2018 Nov;68(6):394-424. 

3. Paul A, Paul S. The breast cancer 
susceptibility genes (BRCA) in breast and 
ovarian cancers. Frontiers in bioscience 
(Landmark edition). 2014;19:605. 

4. Shah TA, Guraya SS. Breast cancer 
screening programs: Review of merits, 
demerits, and recent recommendations 
practiced across the world. Journal of 
microscopy and ultrastructure. 2017 Jun 
1;5(2):59-69. 

5. Redig AJ, McAllister SS. Breast cancer as a 
systemic disease: a view of metastasis. Journal 
of internal medicine. 2013 Aug;274(2):113-
26. 

6. Bombonati A, Sgroi DC. The molecular 
pathology of breast cancer progression. The 
Journal of pathology. 2011 Jan;223(2):308-18. 

7. Ellis MJ, Ding L, Shen D, Luo J, Suman VJ, 
Wallis JW, Van Tine BA, Hoog J, Goiffon RJ, 
Goldstein TC, Ng S. Whole-genome analysis 
informs breast cancer response to aromatase 
inhibition. Nature. 2012 Jun;486(7403):353-
60. 

8. Onitilo AA, Engel JM, Greenlee RT, Mukesh 
BN. Breast cancer subtypes based on ER/PR 
and Her2 expression: comparison of 
clinicopathologic features and survival. 
Clinical medicine & research. 2009 Jun 1;7(1-
2):4-13. 

9. Perou CM, Sørlie T, Eisen MB, Van De Rijn 
M, Jeffrey SS, Rees CA, Pollack JR, Ross DT, 
Johnsen H, Akslen LA, Fluge Ø. Molecular 
portraits of human breast tumours. nature. 
2000 Aug;406(6797):747-52. 

10. Sotiriou C, Neo SY, McShane LM, Korn EL, 
Long PM, Jazaeri A, Martiat P, Fox SB, 
Harris AL, Liu ET. Breast cancer 

classification and prognosis based on gene 
expression profiles from a population-based 
study. Proceedings of the National Academy 
of Sciences. 2003 Sep 2;100(18):10393-8. 

11. Prat A, Baselga J. The role of hormonal 
therapy in the management of hormonal-
receptor-positive breast cancer with co-
expression of HER2. Nature Clinical Practice 
Oncology. 2008 Sep;5(9):531-42. 

12. Yakes FM, Chinratanalab W, Ritter CA, 
King W, Seelig S, Arteaga CL. Herceptin-
induced inhibition of phosphatidylinositol-3 
kinase and Akt Is required for antibody-
mediated effects on p27, cyclin D1, and 
antitumor action. Cancer research. 2002 Jul 
15;62(14):4132-41. 

13. Wang J, Jain S, Coombes CR, Palmieri C. 
Fulvestrant in advanced breast cancer 
following tamoxifen and aromatase inhibition: 
a single center experience. The breast journal. 
2009 May;15(3):247-53. 

14. Zwart W, Griekspoor A, Rondaij M, 
Verwoerd D, Neefjes J, Michalides R. 
Classification of anti-estrogens according to 
intramolecular FRET effects on phospho-
mutants of estrogen receptor α. Molecular 
cancer therapeutics. 2007 May 1;6(5):1526-
33. 

15. Tao L, Schwab RB, San Miguel Y, Gomez 
SL, Canchola AJ, Gago-Dominguez M, 
Komenaka IK, Murphy JD, Molinolo AA, 
Martinez ME. Breast cancer mortality in older 
and younger patients in California. Cancer 
Epidemiology and Prevention Biomarkers. 
2019 Feb 1;28(2):303-10. 

16. Salgado R, Denkert C, Demaria S, Sirtaine 
N, Klauschen F, Pruneri G, Wienert S, Van 
den Eynden G, Baehner FL, Pénault-Llorca F, 
Perez EA. The evaluation of tumor-infiltrating 
lymphocytes (TILs) in breast cancer: 
recommendations by an International TILs 
Working Group 2014. Annals of oncology. 
2015 Feb 1;26(2):259-71. 

17. Wind NS, Holen I. Multidrug resistance in 
breast cancer: from in vitro models to clinical 
studies. International journal of breast cancer. 
2011;2011. 

18. Perez EA. Impact, mechanisms, and novel 
chemotherapy strategies for overcoming 
resistance to anthracyclines and taxanes in 
metastatic breast cancer. Breast cancer 
research and treatment. 2009 Mar 
1;114(2):195. 

19. Shen DW, Goldenberg S, Pastan IR, 
Gottesman MM. Decreased accumulation of 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Raikwar & Jain, 11(7):6858-6873, 2020 

 

International Journal of Pharmacy & Life Sciences                  Volume 11 Issue 7: July. 2020                            6871 

[14c] carboplatin in human cisplatin‐resistant 
cells results from reduced energy‐dependent 
uptake. Journal of cellular physiology. 2000 
Apr;183(1):108-16. 

20. Dean M, Hamon Y, Chimini G. The human 
ATP-binding cassette (ABC) transporter 
superfamily. Journal of lipid research. 2001 
Jul 1;42(7):1007-17. 

21. Rees DC, Johnson E, Lewinson O. ABC 
transporters: the power to change. Nature 
reviews Molecular cell biology. 2009 
Mar;10(3):218-27. 

22. Aller SG, Yu J, Ward A, Weng Y, 
Chittaboina S, Zhuo R, Harrell PM, Trinh YT, 
Zhang Q, Urbatsch IL, Chang G. Structure of 
P-glycoprotein reveals a molecular basis for 
poly-specific drug binding. Science. 2009 Mar 
27;323(5922):1718-22. 

23. Zaman GJ, Flens MJ, Van Leusden MR, De 
Haas M, Mülder HS, Lankelma J, Pinedo HM, 
Scheper RJ, Baas F, Broxterman HJ. The 
human multidrug resistance-associated protein 
MRP is a plasma membrane drug-efflux 
pump. Proceedings of the National Academy 
of Sciences. 1994 Sep 13;91(19):8822-6. 

24. Zhou S, Schuetz JD, Bunting KD, Colapietro 
AM, Sampath J, Morris JJ, Lagutina I, 
Grosveld GC, Osawa M, Nakauchi H, 
Sorrentino BP. The ABC transporter 
Bcrp1/ABCG2 is expressed in a wide variety 
of stem cells and is a molecular determinant of 
the side-population phenotype. Nature 
medicine. 2001 Sep;7(9):1028-34. 

25. Chang XB. A molecular understanding of 
ATP-dependent solute transport by multidrug 
resistance-associated protein MRP1. Cancer 
and Metastasis Reviews. 2007 Mar 
1;26(1):15-37. 

26. Sarkadi B, Homolya L, Szakács G, Váradi A. 
Human multidrug resistance ABCB and 
ABCG transporters: participation in a 
chemoimmunity defense system. 
Physiological reviews. 2006 Oct;86(4):1179-
236. 

27. Robey RW, Polgar O, Deeken J, To KW, 
Bates SE. ABCG2: determining its relevance 
in clinical drug resistance. Cancer and 
Metastasis Reviews. 2007 Mar 1;26(1):39-57. 

28. Stingl J, Eirew P, Ricketson I, Shackleton M, 
Vaillant F, Choi D, Li HI, Eaves CJ. 
Purification and unique properties of 
mammary epithelial stem cells. Nature. 2006 
Feb;439(7079):993-7. 

29. Vassilomanolakis M, Koumakis G, 
Barbounis V, Demiri M, Panopoulos C, 

Chrissohoou M, Apostolikas N, Efremidis AP. 
First-line chemotherapy with docetaxel and 
cisplatin in metastatic breast cancer. The 
Breast. 2005 Apr 1;14(2):136-41. 

30. Hembruff SL, Laberge ML, Villeneuve DJ, 
Guo B, Veitch Z, Cecchetto M, Parissenti 
AM. Role of drug transporters and drug 
accumulation in the temporal acquisition of 
drug resistance. BMC cancer. 2008 Dec 
1;8(1):318. 

31. Li H, Jin HE, Kim W, Han YH, Kim DD, 
Chung SJ, Shim CK. Involvement of P-
glycoprotein, multidrug resistance protein 2 
and breast cancer resistance protein in the 
transport of belotecan and topotecan in Caco-2 
and MDCKII cells. Pharmaceutical research. 
2008 Nov 1;25(11):2601-12. 

32. Kamath K, Wilson L, Cabral F, Jordan MA. 
βIII-tubulin induces paclitaxel resistance in 
association with reduced effects on 
microtubule dynamic instability. Journal of 
Biological Chemistry. 2005 Apr 
1;280(13):12902-7. 

33. Hasegawa S, Miyoshi Y, Egawa C, Ishitobi 
M, Taguchi T, Tamaki Y, Monden M, 
Noguchi S. Prediction of response to 
docetaxel by quantitative analysis of class I 
and III β-tubulin isotype mRNA expression in 
human breast cancers. Clinical cancer 
research. 2003 Aug 1;9(8):2992-7. 

34. Wang Y, Cabral F. Paclitaxel resistance in 
cells with reduced β-tubulin. Biochimica et 
Biophysica Acta (BBA)-Molecular Cell 
Research. 2005 Jun 30;1744(2):245-55. 

35. Berrieman HK, Lind MJ, Cawkwell L. Do β-
tubulin mutations have a role in resistance to 
chemotherapy?. The lancet oncology. 2004 
Mar 1;5(3):158-64. 

36. Onyenadum A, Gogas H, Markopoulos C, 
Bafaloukos D, Aravantinos G, Mantzourani 
M, Koutras A, Tzorakoelefterakis E, Xiros N, 
Makatsoris T, Fountzilas G. Mitoxantrone 
plus vinorelbine in pretreated patients with 
metastatic breast cancer. Journal of 
chemotherapy. 2007 Oct 1;19(5):582-9. 

37. Lewis LJ, Mistry P, Charlton PA, Thomas H, 
Coley HM. Mode of action of the novel 
phenazine anticancer agents XR11576 and 
XR5944. Anti-cancer drugs. 2007 Feb 
1;18(2):139-48. 

38. Zhang J, Tian Q, Chan SY, Duan W, Zhou S. 
Insights into oxazaphosphorine resistance and 
possible approaches to its circumvention. 
Drug resistance updates. 2005 Oct 1;8(5):271-
97. 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Raikwar & Jain, 11(7):6858-6873, 2020 

 

International Journal of Pharmacy & Life Sciences                  Volume 11 Issue 7: July. 2020                            6872 

39. Iwao-Koizumi K, Matoba R, Ueno N, Kim 
SJ, Ando A, Miyoshi Y, Maeda E, Noguchi S, 
Kato K. Prediction of docetaxel response in 
human breast cancer by gene expression 
profiling. Journal of clinical oncology. 2005 
Jan 20;23(3):422-31. 

40. Gasco M, Yulug IG, Crook T. TP53 
mutations in familial breast cancer: functional 
aspects. Human mutation. 2003 
Mar;21(3):301-6. 

41. Scudiero DA, Monks A, Sausville EA. Cell 
line designation change: multidrug-resistant 
cell line in the NCI anticancer screen. JNCI: 
Journal of the National Cancer Institute. 1998 
Jun 3;90(11):862-3. 

42. Geisler S, Lønning PE, Aas T, Johnsen H, 
Fluge Ø, Haugen DF, Lillehaug JR, Akslen 
LA, Børresen-Dale AL. Influence of TP53 
gene alterations and c-erbB-2 expression on 
the response to treatment with doxorubicin in 
locally advanced breast cancer. Cancer 
research. 2001 Mar 3;61(6):2505-12. 

43. Sezgin C, Karabulut BÜ, Uslu RÜ, Sanli 
UA, Goksel G, Zekioglu OS, Ozdemir N, 
Goker ER. Potential predictive factors for 
response to weekly paclitaxel treatment in 
patients with metastatic breast cancer. Journal 
of chemotherapy. 2005 Feb 1;17(1):96-103. 

44. Son BH, Ahn SH, Ko CD, Ka IW, Gong GY, 
Kim JC. Significance of mismatch repair 
protein expression in the chemotherapeutic 
response of sporadic invasive ductal 
carcinoma of the breast. The breast journal. 
2004 Jan;10(1):20-6. 

45. Simstein R, Burow M, Parker A, Weldon C, 
Beckman B. Apoptosis, chemoresistance, and 
breast cancer: insights from the MCF-7 cell 
model system. Experimental biology and 
medicine. 2003 Oct;228(9):995-1003. 

46. Shitashige M, Toi M, Yano T, Shibata M, 
Matsuo Y, Shihasaki F. Dissociation of Bax 
from a Bc1-2/Bax heterodimer triggered by 
phosphorylation of serine 70 of Bc1-2. The 
Journal of Biochemistry. 2001;130(6):741-8. 

47. Barnes N, Haywood P, Flint P, Knox WF, 
Bundred NJ. Survivin expression in in situ 
and invasive breast cancer relates to COX-2 
expression and DCIS recurrence. British 
journal of cancer. 2006 Jan;94(2):253-8. 

48. Cleator S, Tsimelzon A, Ashworth A, 
Dowsett M, Dexter T, Powles T, Hilsenbeck 
S, Wong H, Osborne CK, O’Connell P, Chang 
JC. Gene expression patterns for doxorubicin 
(Adriamycin) and cyclophosphamide 
(cytoxan)(AC) response and resistance. Breast 

cancer research and treatment. 2006 Feb 
1;95(3):229-33. 

49. Chin K, DeVries S, Fridlyand J, Spellman 
PT, Roydasgupta R, Kuo WL, Lapuk A, Neve 
RM, Qian Z, Ryder T, Chen F. Genomic and 
transcriptional aberrations linked to breast 
cancer pathophysiologies. Cancer cell. 2006 
Dec 1;10(6):529-41. 

50. Smith L, Watson MB, O'Kane SL, Drew PJ, 
Lind MJ, Cawkwell L. The analysis of 
doxorubicin resistance in human breast cancer 
cells using antibody microarrays. Molecular 
cancer therapeutics. 2006 Aug 1;5(8):2115-20. 

51. Pusztai L, Wagner P, Ibrahim N, Rivera E, 
Theriault R, Booser D, Symmans FW, Wong 
F, Blumenschein G, Fleming DR, Rouzier R. 
Phase II study of tariquidar, a selective 
P‐glycoprotein inhibitor, in patients with 
chemotherapy‐resistant, advanced breast 
carcinoma. Cancer. 2005 Aug 15;104(4):682-
91. 

52. Lou PJ, Lai PS, Shieh MJ, MacRobert AJ, 
Berg K, Bown SG. Reversal of doxorubicin 
resistance in breast cancer cells by 
photochemical internalization. International 
journal of cancer. 2006 Dec 1;119(11):2692-8. 

53. Dieras V, Valero V, Limentani S, Romieu G, 
Tubiana-Hulin M, Lortholary A, Ferrero JM, 
Kaufman P, Buchbinder A, Besenval M. 
Multicenter, non-randomized phase II study 
with RPR109881 in taxane-exposed metastatic 
breast cancer (MBC) patients (pts): final 
results. Journal of Clinical Oncology. 2005 
Jun 1;23(16_suppl):565-568. 

54. Jordan MA, Miller H, Ni L, Castenada S, 
Inigo I, Kan D, Lewin A, Ryseck R, Kramer 
R, Wilson L, Lee FY. The Pat-21 breast 
cancer model derived from a patient with 
primary Taxol resistance recapitulates the 
phenotype of its origin, has altered beta-
tubulin expression and is sensitive to 
ixabepilone. InProc Am Assoc Cancer Res 
2006 Apr 1 (Vol. 47, p. 73). 

55. Conte P, Thomas E, Martin M, Klimovsky J, 
Tabernero J. Phase II study of ixabepilone in 
patients (pts) with taxane-resistant metastatic 
breast cancer (MBC). Journal of Clinical 
Oncology. 2006 Jun 20;24(18_suppl):10505-. 

56. Konecny GE, Pegram MD, Venkatesan N, 
Finn R, Yang G, Rahmeh M, Untch M, 
Rusnak DW, Spehar G, Mullin RJ, Keith BR. 
Activity of the dual kinase inhibitor lapatinib 
(GW572016) against HER-2-overexpressing 
and trastuzumab-treated breast cancer cells. 
Cancer research. 2006 Feb 1;66(3):1630-9. 



Review Article  ISSN: 0976-7126 

CODEN (USA): IJPLCP  Raikwar & Jain, 11(7):6858-6873, 2020 

 

International Journal of Pharmacy & Life Sciences                  Volume 11 Issue 7: July. 2020                            6873 

57. Miller K, Wang M, Gralow J, Dickler M, 
Cobleigh M, Perez EA, Shenkier T, Cella D, 
Davidson NE. Paclitaxel plus bevacizumab 
versus paclitaxel alone for metastatic breast 
cancer. New England Journal of Medicine. 
2007 Dec 27;357(26):2666-76. 

58. Longo R, Torino F, Gasparini G. Targeted 
therapy of breast cancer. Current 
pharmaceutical design. 2007 Feb 1;13(5):497-
517. 

59. Bianchi GV, Loibl S, Zamagni C, Ardizzoni 
A, Raab G, Siena S. Phase II multicenter trial 
of sorafenib in the treatment of patients with 
metastatic breast cancer. InBreast Cancer 
Symposium 2007 Sep 7. 

60. Raikwar S, Vyas S, Sharma R, Mody N, 
Dubey S, Vyas SP. Nanocarrier-based 
combination chemotherapy for resistant 
tumor: development, characterization, and ex 
vivo cytotoxicity assessment. AAPS 
PharmSciTech. 2018 Nov 1;19(8):3839-49. 

61. Lu J, Steeg PS, Price JE, Krishnamurthy S, 
Mani SA, Reuben J, Cristofanilli M, Dontu G, 
Bidaut L, Valero V, Hortobagyi GN. Breast 
cancer metastasis: challenges and 
opportunities. (2009): 4951-4953. 
 

 

 

 
 

 

 
 
 

 

 

 

 

 

 

 

 

 

 

Cite this article as:  
Raikwar S. and Jain S.K. (2020). Opportunities and Challenges in Breast Cancer, Int. J. of Pharm. & 

Life Sci., 11(7): 6858-6873. 
Source of Support: Nil 
Conflict of Interest: Not declared 
For reprints contact: ijplsjournal@gmail.com 


