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1. Introduction 

1.1 Adjuvant 
In the mid 1950s, we started to have a much better understanding of the biological 

mechanisms of establishment of metastases and the role of regional lymph nodes as an 

effective barrier to tumor spread, because malignant cells have been observed in the 

bloodstream (Fisher, Turnbull, 1955).  

Early studies with adjuvant chemotherapy after surgery in solid tumors (breast 

adenocarcinoma implanted in mice) began in 1957 (Shapiro, Fugman, 1957). Based on these 

findings, Bernard Fisher and colleagues began in 1958, the first collaborative study with the 

objective of evaluating the response to systemic administration of perioperative 

chemotherapy in patients with operable breast cancer (Fisher et al, 1958). Good results were 

obtained in relation to disease-free interval and overall survival in premenopausal women 

(Fisher et al, 1968). Similar results were also observed by other authors, with the use of 

multidrug therapy (cyclophosphamide, methotrexate and fluorouracil (CMF) with or 

without prednisone) in advanced breast cancer (BC)(Canellos et al, 1974 and 1976, 

Bonadonna et al, 1976). Therefore, the addition of adjuvant polychemotherapy in BC 

showed gain by controlling survival of micrometastases in patients with lymph nodes 

affected by cancer or not (Fisher et al, 1975; Bonadonna et al, 1976; Early Breast Cancer 

Trialists Collaborative Group (EBCTCG ), 1988; Bonadonna, Valagussa, 1983,1985,1987, 

Henderson, 1987, Fisher et al, 1989; Bonadonna et al, 1995; Mansour et al, 1998, Carlson et al, 

2000 and NIH 2000). 

1.2 Neoadjuvant therapy 
Neoadjuvant chemotherapy is defined as a treatment option where chemotherapy is 

introduced before local treatment, either surgery or radiotherapy (Bear, 1998). This was 

introduced by De Lena et al (1978) who administered adriablastin and vincristine in 110 

women with advanced BC, achieving response rates of 70% partial. 

The biological rationale for using neoadjuvant chemotherapy was based on observations in 
animal models where the removal of primary tumor growth accelerated due to changes in 
metastatic tumor kinetics, suggesting that growth factors derived from tumor influence the 
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development of micrometastases. The prior addition of chemotherapy such as 
cyclophosphamide in mice transplanted with murine mammary tumor cells showed a 
significant reduction in the proliferation rate of residual tumor and metastases, and 
prolonged their survival (Gunduz et al, 1979, Fisher et al, 1989b; Fisher et al, 1989c).  
The use of neoadjuvant chemotherapy has additional advantages in patients with locally 

advanced carcinoma, enhancing the possibility of performing conservative surgery due to 

the reduction of tumor size, as well as providing evidence in vivo of sensitivity to therapy 

and providing early treatment of micrometastases (Bonadonna et al. 1990; Wolff, Davidson, 

2000, Kafka et al 2003, Hutcheon, Heys, 2004).  

Studies demonstrated a significant increase in survival in patients with stage III breast 
carcinoma, influenced by neoadjuvant chemotherapy associated with local therapy 
(Canellos, 1976; Jacquillat et al, 1987 Valagussa et al, 1990). Six randomized trials 
compared the use of adjuvant and neoadjuvant therapy with the aim of measuring the 
survival of patients with complete clinical response rates from 6.6 to 41% and pathological 
complete rates of 3 to 29%, with high rates of breast conservation in patients undergoing 
neoadjuvant chemotherapy (Mauriac et al, 1991; Semiglazov et al, 1994; Scholl, 1994; 
Powles et al, 1995, van der Hage et al, 2001; Wolmark et al, 2001). One of the major studies 
related to neoadjuvant chemotherapy was the National Surgical Adjuvant Breast and 
Bowel Project B18 (NSABP B18), which showed no significant difference between the rates 
of disease-free survival and survival free of distant disease (among those who 
received neoadjuvant chemotherapy and those who received postoperative adjuvant 
chemotherapy). However, neoadjuvant chemotherapy allowed higher rates of 
conservative surgery and the study in vivo of tumor biology (Fisher et al, 1998). Further 
analysis, with a follow up of nine years, showed that patients under 49 years experienced 
a significant advantage in terms of survival rates and disease-free survival when they 
were submitted to primary chemotherapy in relation to patients 50 years or more, 
suggesting that age could influence the indication of neoadjuvant chemotherapy, 
continuing the strong correlation between the clinical primary tumor response to 
chemotherapy and prognosis (Wolmark et al, 2001).  
The neoadjuvant therapy was extended for the treatment of patients with operable breast 

tumors initially with different chemotherapy regimens and variable rates of clinical 

response (Scholl et al, 1994; Ragaz et al, 1997, Fisher et al, 1997, Fisher et al, 1998). The 

clinical response to neoadjuvant administration of chemotherapy, namely the reduction of 

tumor size, was 10 to 75% in several studies (Kafka et al, 2003).  

1.3 Mechanisms of resistance to chemotherapeutic agents 
The main reasons responsible for treatment failure in cancer patients are the mechanisms of 

drug resistance and emergence of disseminated disease (Terek et al, 2003). We identified 

two types of resistance most relevant to BC: primary resistance, which corresponds to the 

clinical situation where the patient showed no response to therapy, and secondary or 

acquired resistance in which, initially, there is an observed response and a subsequent 

failure of the treatment regimen (Kroger et al, 1999).  

Several mechanisms may cause the phenotype of multidrug resistance to chemotherapy 
drugs and are well characterized in in vitro experiments, including alterations in systemic 
pharmacology (pharmacokinetics and metabolism), extracellular mechanisms (tumor 
environment, multicellular drug resistance), and cellular mechanisms (cellular 
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pharmacology, activation and inactivation of drugs, modification of specific targets and 
regulatory pathways of apoptosis) (Leonessa et al, 2003, Riddick et al, 2005). Identification of 
factors that affect cell metabolism, which are related to drug resistance, will enable the 
identification of which patients are at particular risk of treatment failure.  
Among the biochemical and molecular mechanisms of drug resistance, we stress: changes in 
the activity of topoisomerase II, alterations in the DNA repair mechanism, overexpression of 
P-glycoprotein; high intracellular concentrations of enzymes purification of cellular 
metabolism - among them enzymes the family of glutathione S-transferases (GSTs) and 
changes in the mechanisms of signaling via c-Jun N-terminal kinase 1 (JNK1) -and 
"apoptosis signal-regulating kinase (ASK1) required for activation of the" mitogen-
activated protein (MAP kinases) in apoptosis and cellular restoration. These pathways are 
also mediated by proteins encoded by genes of GSTs (O'Brien, Tew, 1996; Burg, Mulder, 
2002, L'Ecuyer et al, 2004).  
Different response rates to particular chemotherapy regimens, as observed in patient groups 
with the same biological characteristics and stage, suggest the existence of different 
mechanisms of drug resistance, probably induced by genetic alterations (Hayes, Pulford, 
1995; O'Brien , Tew, 1996; Pakunlu et al, 2003).  
Among the mechanisms of purification of cellular metabolism involved in the inactivation 
of toxic substances to the cell there is the action of the enzyme family of GSTs in phase II 
metabolism of cell purification. The first evidence of their involvement in resistance to drugs 
used in chemotherapy have emerged from research published by scientific groups 
Schisswelbauer et al (1990), Tew (1994) and Hayes, Pulford, (1995). However, the 
relationship between GSTs and resistance to chemotherapy remains inconsistent (Riddick et 
al, 2005). This mechanism of resistance is related to the ability to regulate the action of 
enzymes involved in catalyzing electrophilic compounds harmful to cells from activation by 
cytochrome P-450 1A1 and 1B1 (Phase I). These compounds in turn are substrates for phase 
II enzyme systems, represented here by the family of GSTs, which are involved on two 
fronts in the process of drug resistance: production of protective enzymes of metabolism 
and cellular apoptotic processes via inhibition of JNK1 and ASK1 (Townsed, Cowan, 1989, 
Hamada et al, 1994; Tew, 1994; O'Brien, Tew, 1996; Gaudiano et al, 2000, O'Brien et al, 2000; 
Tashiro et al, 2001; Harbottle et al, 2001; Townsend, Tew, 2003b). 

1.3.1 Glutathione S-transferases (GSTs) 
The family of GSTs consists of eight classes termed cytosolic and symbolized by the Greek 
alphabet: Alpha, Kappa, Mu, Omega, Pi, Sigma, Theta and Zeta. They are highly 
polymorphic, with about 30% homology between their base sequences. Each of these classes 
has several alleles that reach 50% similarity between their base sequences, and are able to 
produce enzymes of phase II cell purification.  
Cellular purification occurs through the ability to regulate the action of protein kinases 
involved in the catalysis of electrophilic compounds harmful to cells (xenobiotics) from the 
activation by cytochrome P-450 1A1 and 1B1, such as genotoxic chemical carcinogens and 
cytotoxic agents chemotherapeutic drugs and their metabolites by means of connection to 
glutathione (Fig. 1) (Townsed, Cowan, 1989, Shea et al, 1990; Tew, 1994, Shimada et al, 1996; 
Townsend, Tew, 2003a, b; Daly, 2003). The enzymes of the GST family represents about 5 to 
10% of all cellular proteins (Burg, Mulder, 2002). 
Studies have shown that the GST enzyme complex participates in the JNK1 and ASK1 
pathways necessary for activation of MAP kinase signaling processes involved in apoptosis 
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and cellular restoration. They also participate in and catalyze the conjugation of electrophilic 
compounds and free radicals to the tri-peptide glutathione (γ-glu-cys-gly, or GSH), 
produced by GSH-reductase. Thus, they become less chemically reactive and more soluble, 
and its excretion facilitated by membrane enzyme complexes, among which stands out the 
GP1 enzyme encoded by the MRP1 gene family of ABC transporters (Arrick, Nathan, 1984; 
Townsed Cowan, 1989, Hamada et al, 1994; Tew, 1994; O'Brien, Tew, 1996, Morrow et al, 
1998, Gaudiano et al, 2000; Harbottle et al, 2001; Burg, Mulder, 2002; Townsend, Tew, 2003a, 
b; Parl, 2005).  
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Fig. 1. Conjugation of glutathione to a generic xenobiotic (X) via catalysis by GSTs to form a 
conjugate of GST. 

Glutathione (GSH) is a major intracellular non-protein substance present in the process of 
activation and inactivation of toxic substrates to the cell cycle. These reactions begins in the 
presence of free radicals and products released by the oxide-reactive phenomena of stress 
and inflammation than healthy and tumor cells are subjected (Arrick, Nathan, 1984; Russo, 
Mitchell, 1985, Asakura et al, 1999, Adler et al, 1999; Burg, Mulder, 2002; McIlwain et al, 
2006). Thus, GSH plays an important role in cell survival and can be found in high 
concentrations in tumor tissue, where the highest enzyme activity of GSTs family exists 
(O'Brien, Tew, 1996, O'Brien et al, 2000).  
GSH may present itself in several ways, most commonly its reduced sulfhydryl which is 
related to reactions with substances or reduced-oxide reactions with electrophilic 
substances. These reactions may be reversible or irreversible, spontaneous or mediated by 
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the enzymes of the family of GSTs (Arrick, Nathan, 1984; O'Brien, Tew, 1996; Burg, 
Mulder, 2002).  
GSH has four functions in the anti-cancer therapy: cell protection by blockade of toxic 
substances to the cell, mediating the formation of toxic to cells, cellular targeting, allowing the 
efflux and influx of substances through association with enzyme systems membrane and 
therapeutic interaction through changes in the effectiveness of certain drugs (Arrick, Nathan, 
1984). Among the substrates for the cytosolic enzymes of the family of GSTs are anti-neoplastic 
drugs such as melphalan, chlorambucil, adriamycin, cyclophosphamide, and platinum salts 
among others (Table 1), which, in the presence of these enzymes, have a lower intracellular 
concentration (Dirven, 1994; Paumi et al, 2001; Townsend, Tew, 2003a, b).  
 

Direct substrates of GSTs 

Chlorambucil  
Melphalan  
Nitrogen mustard  
Mustard Phosphoramide  
Acrolein  
Carmustine  
Hidroxialquilantes  
Ethacrynic acid  
Steroids  

Substances not characterized as direct substrates of GSTs 

Antimetabolites *  
Antitubulin drugs *  
Inhibitors of topoisomerases I and II *  
Bleomycin  
Hepsulfan  
Mitomycin C * 
Adriamycin *  
Cisplatin * 
Carboplatin  

* Requires activation of JNK for cytotoxicity 
(Adapted from Townsend, Tew, 2003b) 

Table 1. Nonsteroidal anti-neoplastic agents associated with increased levels of GST and 
cellular resistance. 

Cytotoxic and carcinogenic substances from the environment such as tobacco, alcohol 
and red meat, which are possibly related tocarcinogenesis in various organs such 
as breast, bladder and colon are also substrates for the enzymes of the GST family of 

1.3.1.1 The glutathione S-transferases (GSTs) and breast cancer 

The classes of GSTs are related to the BC classes Alpha, Theta, and Pi Mu. In this review we 
approach the last three, as they are most frequently studied and their analysis has provided 
further information in relation to adjuvant chemotherapy and CM.  
The proteins that belong to the Mu class are encoded by a group of genes located on 
chromosome 1 (GSTM 1-5). These genes are related to various diseases and susceptibility to 
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various forms of cancer (Townsend, Tew, 2003a). The GSTM1 gene (Genbank access number 
AY532926) is the most studied and has four different allelic forms (GSTM 1 * A, B 1 * 1 * 1 * 0 
null and Ax2 that are related to a variety of malignancies, as lung, colorectal, oropharyngeal, 
bladder and breast cancers (Bell et al, 1993; Ambrosone et al, 1995; Saarikoski et al, 1998; 
Helzlsouer et al, 1998; Jourenkova-Mironova et al, 1999, Dunning et al, 1999; Ambrosone et 
al, 2001; Loktionov et al, 2001 and Sgambati et al, 2002; Townsend, Tew, 2003a). However, 
some authors failed to demonstrate such a relationship (Bailey et al, 1998; Lizard-Nacolia et 
al , 1999; Garcia-Close et al, 1999).  
The enzymes encoded by the gene GSTM1 catalyze the conjugation of electrophilic 
compounds and free radicals by GSH and still exert an inhibitory effect on apoptosis via 
ASK1, independent of its catalytic action. This inhibition occurs while the enzyme 
complexes of GSTM1/ASK1 are related. In the presence of high concentrations of oxide-
reactive substances, this complex dissociates, releasing enzymes to ASK1 phosphorylation 
and signaling of apoptosis (Fig. 2) (Cho et al, 2001).  
The GSTM1 null genotype polymorphism results from the absence of the two alleles that 
determine gene expression. Thus, individuals with this genotype do not have the capacity to 
produce the enzymes necessary to catalyze the conjugation with GSH. Moreover, they also 
do not synthesize the proteins that coalesce to the ASK1 pathway proteins necessary for the 
inhibition of this pathway of apoptosis (Cho et al, 2001; McIlwain et al, 2006). The null 
genotype is present in 40 to 50% of the population (Tew, 1994), ranging from 22% in Nigeria, 
58% among Chinese, 45% in Western Europe and up to 67% in Australia, and it is related to 
better response to some classes of chemotherapeutic agents against various types of cancer 
(Alpert et al, 1997; Ambrosone et al, 2001; Sgambati et al, 2002; Autrup et al, 2002; 
Townsend, Tew, 2003a; Khedhaier et al, 2003; Parl , 2005).  
The proteins of the class Theta are encoded by two genes (T1 and T2), which are located 
on chromosome 22. The class GSTT1 (accession number AB057594 in Genbank) has three 
allelic forms: * The T1, T1 and T1 * B * 0 or null, but the latter is present between 10 and 
30% in African populations, 10% in European and American populations, and 64% in 
Asian populations (Townsend, Tew, 2003a). The T1 null allele is associated with a 
predisposition to some cancers (Townsend, Tew, 2003a; Saarikoski, 1998; Helzlsouer et al, 
1998; Jourenkova-Mironova et al, 1999 and Ambrosone et al, 2001), among them breast 
cancer in postmenopausal women, users of large quantities of alcoholic and longtime 
smokers, as well as in premenopausal women or nulliparous women who gave birth after 
age 30 (Park et al, 2000, Zheng et al, 2002, Zheng et al, 2003; Park et al, 2003), although 
some studies have not shown this relationship (Bailey et al, 1998; Garcia-Close et al, 1999; 
Millikan et al, 2000). The presence of the GSTT1 null form, in which there is not 
production of the enzymes, was associated with a better response to chemotherapy in 
patients with BC and the greater toxicity of some chemotherapeutic agents (Howells et al, 
2001;Naoe et al, 2002; Khedhaier et al, 2003).  
The class Pi, in turn, consists of only one protein encoded by a gene located on chromosome 11 

and called GSTP1 (GenBank access number AY324387). The GSTP1 gene has three allelic 

forms. The wild GSTP1 * A (Ile105Ile/Ala113Ala) genotype results in the replacement of Ile 

by Val at least one amino acid at codon 105 and) and two polymorphic forms, GSTP1 * B 

(Val 105Ile Val/113 Val) where, in addition to the alteration observed in GSTP1B * there is 

also replacement of Ala by Val in at least one amino acid codon 113. GSTP1 * C (105 Ile 

Ala. These forms are represented, respectively, in 68%, 26% and 7% of the Caucasian 

population (Townsend, Tew, 2003a).  
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The enzymes produced by gene GSTP1 * A prevails as a marker of carcinogenesis, since they 
are present in many tumor cells (Townsend, Tew, 2003a). Their relationship with cell 
protection is more related to performance in the apoptotic process. While the proteins 
encoded by the form "wild" GSTP1 * A are related to proteins of the JNK pathway, which 
inhibits apoptosis. This action will cease as the intensity of the phenomena of stress to which 
the cell is subjected to increase (fig 2), a phenomenon that occurs independently of its 
catalytic action. Since the polymorphic forms do not have the capacity to synthesize proteins 
that coalesce to JNK pathway enzymes and therefore do not have the ability to inhibit this 
pathway of apoptosis (Adler et al, 1999, Dang et al, 2005).  
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ASK1: "Apoptosis Signal-Regulating Kinase"  
JNK / Cjun: "c-Jun N-terminal Kinase 1"  
P: phosphorus atom 

Fig. 2. Action of GSTM1 and GSTP1 on pathways of apoptosis. While related enzymes ASK1 
and JNK1, the proteins encoded by the genes GSTM1 and GSTP1 exert an inhibitory effect of 
the corresponding pathways of apoptosis. Once exposed to substances oxide - reactive is the 
dissociation of the complex and phosphorylation of enzymes ASK1 and JNK1 pathways that 
pass the signal to the apoptosis pathway.  

The involvement of enzymes encoded by the gene GSTP1 * A in cell survival processes by 
catalyzing GSH seems to be a secondary response or consequence of the phenomena of 
stress to which the cells are submitted and occur in two ways of acting. The first one is 
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mainly related to anthracycline chemotherapy drugs and their substrates when associated 
with the ABC membrane transporters, responsible for one of the mechanisms of complex 
cellular efflux of GSH / drug. The second route of action would be on inhibitory complexes 
GSH / drugs on the enzymes of class GSTP1 * A, stimulating the process of apoptosis 
(Nakagawa et al, 1988.1990; Tew, 1994; Helzlsouer et al, 1998, Adler et al , 1999, Sweeney et 
al, 2000; Tashiro et al, 2001, Wang et al, 2001; Autrup et al, 2002; Townsend, Tew, 2003a, 
Huang et al, 2003; McIlwain et al, 2006).  
The presence and distribution of genes encoding the synthesis of enzymes of the family of 
GSTs in humans are variable. Some individuals do not express the genes GSTM1 and 
GSTT1, which determine the production of the enzyme purification. It is said that these 
people have "deleted" these alleles, known as GSTs null. These in turn are unable to promote 
catalysis of toxic substances with GSH and unable to promote inhibition of protein kinases 
required for the apoptotic process. Since the class Pi presents a substitution of amino acid 
isoleucine (Ile) by valine (Val) at codon 105 (GSTP1 * A → GSTP1 * B) This change, either in 
a strand of DNA (heterozygous) or both strands (homozygous) also makes cells unable to 
produce their own enzymes catalyzing GSH, which was similar to the GSTs null, and no 
longer inhibit the JNK apoptosis 1 (McIlwain et al, 2006).  
Comparable studies have shown varying results on the correlation between GSTs and 
chemotherapy response in various fields of oncology, including CM. Some authors have 
found a positive relationship between the presence of these enzymes and increased 
chemotherapeutic resistance (Hamada et al, 1994; Dirven et al, 1994, Morrow et al, 1998, 
Sweeney et al, 2000, O'Brien et al, 2000; Harbottle et al, 2001; Allan et al, 2001; Ambrosone et 
al, 2001; Naoe et al, 2002, Dasgupta et al, 2003, Huang et al, 2003, Yang et al, 2005), while 
others failed to demonstrate such a relationship (Moscow et al, 1989; Leyland-Jones et al, 
1991, Peters et al, 1993, Morrow et al, 1998, Alpert et al, 1997, Konishi et al, 1998; Osmak et 
al, 1998; Allan et al, 2001;Yang et al, 2005).  

1.3.2 P-glycoprotein  
The phenomenon of multi-drug resistance was first described in 1970 in ovarian cancer cells 

derived from Chinese hamsters exposed to increasing concentrations of various 

chemotherapeutic agents like actinomycin D, anthracyclines, vinca alkaloids and etoposide, 

until chemo resistant clones emerged (Bield, Riehm, 1970). Subsequently, Riordan and Ling 

(1979) showed the phenotype of multidrug resistance by measuring a deficit accumulation of 

cytotoxic drugs in the intracellular environment due to the action of a specific glycoprotein.  

One of the proteins responsible for determining this resistance phenotype is the P-
glycoprotein (Pgp), first described by Juliano and Ling (1976), responsible for the 
permeation and elimination of substances through the cell membrane (Carlsen et al, 1976; 
Riordan, Ling, 1979). This transmembrane protein has a molecular weight of 170 kd, 1280 
amino acids, is encoded by the gene MDR-1 and depends on energy coming from the 
metabolism of adenosine triphosphate (ATP) (Sauna et al, 2001). The MDR -1 gene in 
humans is located on the long arm of chromosome 7 (7 q 21) consisting of a central promoter 
region and 29 exons ranging from 6.3 to 210 kilobases (Bodor et al, 2005).  
Pgp is the most investigated of a superfamily called ATP - binding cassette transporters, or 
ABC multidrug transporters. It is encoded by some genes as MRP-1, MRP- 2, MRP-3, MRP-
4, MRP- 5,MRP-6, MRP-8, BSPE, BCRP (Goldstein, 1996; Scotto, 2003) ABC transporters are 
characterized functionally by their ability to eliminate antiblastic hydrophilic drugs from the 
intracellular environment , as shown below (Fig.3), (Sauna et al, 2001).  
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Fig. 3. Schematic representation of several proteins belonging to the superfamily multidrug 
ABC transporters, including Pgp. (Adapted from Sauna et al, 2001).  

Several drugs are substrates to the protein encoded by MRP’s as anthracyclines agents, 

vinca’s alkaloid, taxanes, actinomycin D, among others (Goldstein, 1996). It consists of a 

basic structure composed of two transmembrane domains (TMD) associated with two 

helical domains attached to nucleotides, in a conical shape of 10 nm depth, oriented 

perpendicular to the cell membrane, as visualized in Fig. 4 (Leonessa, Clarke, 2003).  

The three-dimensional shape of Pgp consists of a conical shape with a central pore, with its 

base open to the extracellular medium and its apex toward the intracellular region, virtually 

closed when this protein is not active (Leonessa, Clarke, 2003). The substrates of Pgp diffuse 

into the inner layers of the cell membrane along the propeller of their domains. With 

binding of the substrate on Pgp, ATP hydrolysis occurs after the conformational 

rearrangement of the protein obliterates the internal pore. Simultaneously, there is rotation 

of the helix, contributing to the decrease in the affinity between substrate and protein, 

eliminating it from the external environment. (Leonessa, Clarke, 2003). The mechanism by 

which Pgp interacts with this wide variety of substrates is still unclear. However, all 

substrates have in common that they are hydrophobic, have a molecular weight from 300 to 

2000 Da; and some carry a positive charge at neutral pH (Sauna et al, 2001).  
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Fig. 4. Schematic representation of Tansmembranas domains (TMD) that make up the 
various ABC multidrug transporters, including Pgp. (Adapted from Leonessa, Clarke, 2003)  

The expression of Pgp is not uniform across tissues, occurring both in normal and neoplastic 
tissues (Goldstein, 1996; Sauna et al, 2001) and is expressed physiologically in the blood-
brain barrier, liver, kidneys, intestine, adrenal glands and testicles, functioning to control the 
absorption, distribution and excretion of xenobiotics (Gottesmann, Pastan, 1993; Ambudkar 
et al, 1999). High levels of Pgp are found in renal tumors, liver and colon, low 
concentrations are identified in bladder tumors, breast cancer and stomach cancer. In 
tumors that have failed initial treatment, its expression is particularly high, as in breast, 
ovarian and non-Hodgkin lymphoma (Goldstein, 1996). Tumors that initially show 
resistance to drug infusion (primary resistance) to anthracycline derivatives also express 
high concentrations of P-glycoprotein (Goldstein, 1996).  
Pgp expression is and adverse prognostic factor on multivariate analysis, in patients with 
neuroblastoma and childhood sarcomas (Chan et al, 1990, Chan et al 1991), although this has 
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not been consistent association (Goldstein, 1996). The expression of Pgp associated with bcl-
2 in acute lymphoblastic leukemia in adults is an independent prognostic factor for disease-
free survival (Del Principe et al, 2003). In endometrial carcinoma, the immunohistochemical 
overexpression of Pgp is seen especially in premenopausal patients compared to patients of 
advanced age (Terek et al, 2003). In ovarian cancer, overexpression of MDR-1 gene is 
associated with decreased disease-free survival and tumor progression during 
chemotherapy (Kavallaris et al, 1996; Raspollini et al, 2005). In breast carcinoma, the 
expression of Pgp shows great heterogeneity due to the detection methods and different 
degrees of their induction by the use of multiple chemotherapeutic agents (Trock et al, 1997; 
Leonessa, Clarke, 2003). The expression of Pgp may be quantified by immunohistochemical 
analysis (IHC) or by use of polymerase chain reaction reverse transverse (RT-PCR) to 
identify the levels of ribonucleic acid type (mRNA) in order to identify its protein 
expression (Ro et al, 1990; Leonessa, Clarke, 2003). In patients with previously untreated 
breast carcinoma, the detection rates observed by IHC ranged from 0% (Yang et al, 1999) to 
100% (Del Vecchio et al, 1997) with average rates of 45.9% (Leonessa, Clarke, 2003). We 
verified the expression of Pgp mRNA by RT-PCR ranging from 0 to 100% with average rates 
of 63% (Leonessa, Clarke, 2003). The comparison between the methods of evaluation shows 
sensitivity of detection comparable between the two methods, with agreement rates of about 
73% between IHC and RT-PCR (Chevillard et al, 1996; Filipits et al, 1996).  

1.3.2.1 Polymorphism C3435T of the MDR-1 gene 

The single nucleotide polymorphism (SNP) is a substitution of bases, with sporadic 
occurrence in the population, which may or may not alter the function of the protein 
encoded by this codon (Hoffmeyer et al, 2000; Banhomme-Faivre et al, 2004). About 20 SNPs 
of the MDR-1 gene have been described by Hoffmeyer et al (2000) and Tanabe et al 
(2001). Brinkmann and Eichelbaum (2001) described 28 polymorphisms related to this gene, 
but the most studied polymorphism in these reports, with functional and clinical 
implications, is what happens C3435T in exon 26. In this SNP, the CC allele is considered as 
wild and replacing one or two of the nitrogen bases by T (CT or TT) represents the 
polymorphic genotype (Hoffmeyer et al 2000).  
Hoffmeyer et al (2000), assessed by RT-PCR the distribution of this polymorphism in 21 
healthy volunteers and showed that its occurrence was 23.9% homozygous and 
heterozygous, 48.3%. Cavaco et al (2003) reported that genotyping by using polymerase 
chain reaction linked to research the size polymorphism of restriction fragments (PCR-
RFLP) in a sample of 100 healthy Caucasian Portuguese, demonstrated frequencies of 64.5% 
for the 3435T SNP and 35.5% for the C3435 SNP, resulting in the incidence in this population 
of the following genotypes: CC 12%, CT 47% and 41% TT. Balram et al. in 2003 described the 
incidence of the SNP C3435T using the methodology of PCR-RFLP in an Asian population 
comprised of 290 individuals (98 Chinese, 99 Malays and 93 Indians) and found that the CC 
genotype was present in 24% of Chinese, 25% of Malays, and 18% of Indians; the CT 
genotype was found in 44% of Chinese, Malays 46%, and 39% of Indians; the TT genotype 
was found in 32% of Chinese, 28% of Malays, and 43% of Indians. Hamdy et al (2003), using 
PCR-RFLP, described the following allele frequency distribution in 200 individuals of 
Egyptian origin: 34% genotype CC, 51.50% CT and 14.50%.  
Experimental studies with cultured cell lines of breast and ovarian carcinomas subjected to 
the technique of RT-PCR showed that the basal expression of MDR-1 gene was absent or 
weakly present when associated with the TT genotype polymorphisms (Sauer et al, 
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2002 ). Hoffmeyer et al (2000) using the genotype represented by the SNP, determined the 
different forms of action of Pgp. These authors found, by sequencing the gene MDR-1 in 21 
healthy volunteers, there was a significant correlation between the C3435T polymorphism in 
exon 26 and the function of Pgp where individuals with the TT genotype had lower protein 
function as compared to normal CC heterozygotes; and CT showed intermediate levels of 
Pgp function. This differential protein function resulted in different phenotypes associated 
with serum concentrations of several known substrates of Pgp, such as oral digoxin, These 
authors found a significant inverse correlation between the polymorphism of exon 26 and 
plasma levels of digoxin, which reflects its activity in vivo. Individuals with the TT 
genotype in the intestinal epithelium had significantly higher blood levels of digoxin than 
individuals with the CC and CT genotype, demonstrating functional differences in their 
activity and in their expression (Hoffmeyer et al, 2000). Other authors such as Kim et al 
(2001), confirmed these findings through research of this functional polymorphism using the 
technique of single-strand conformation polymorphism (SSCP) in peripheral blood samples 
of different populations of Euro-American individuals and African Americans. These 
authors, using another Pgp substrate, fexofenadine, reported that CC homozygotes had 
higher rates of serum concentration of this substrate when compared with the TT genotype, 
also demonstrating functional differences between different polymorphisms of the MDR-1 
gene and consequently the expression of Pgp.  
This scenario has clear implications when considering the therapeutic use of drugs that are 
substrates related to Pgp and may, depending on the functional action determined by this 
polymorphism, have different rates of clinical response. Kafka et al. (2003), showed a 
significant correlation between the C3435T polymorphism of the MDR-1 gene and partial 
and complete response to primary chemotherapy with anthracyclines, in patients with 
locally advanced breast carcinoma. These authors found that the presence of genotype TT 
was significantly correlated with clinical response, suggesting that the demonstration of this 
polymorphism could identify tumors sensitive and resistant to anthracyclines, and allow 
better individualization of therapy.  

2. Summary 

Different response rates suggest the existence of different mechanisms of drug resistance. 
Identification of factors which are related to drug resistance will enable the identification of 
which patients are at particular risk of treatment failure. 
Pgp, encoded by the gene MDR-1, is the most investigated of a superfamily called ATP - 
binding cassette transporters, or ABC multidrug transporters. It has been involved as one of 
the drug-resistance’s mechanisms since 1976. On the other hand, the action of GSTs family 
as cellular enzymes purification as signaling apoptosis has been studied since 1990’s. The 
whole involvement of these enzymes is not totally clear yet, but seems that together 
represents a very important resistant mechanism to the chemotherapy treatments. 
More research is needed in this line of research to better understand these mechanisms. 

3. References 

[1] Adler V, Yin Z, Fuchs SY, Benezra M, Rosario L, Tew KD, et al. Regulation of JNK 
signaling by GSTp. EMBO J. 1999; 18:1321-34. 

www.intechopen.com



 
Chemotherapy and Mechanisms of Resistance in Breast Cancer 

 

247 

[2] Allan JM, Wild CP, Rollinson S, Willett EV, Moorman AV, Dovey GJ, et al. Polymorphism 
in glutathione S-transferase P1 is associated with susceptibility to chemotherapy-
induced leukemia. Proc Natl Acad Sci U S A. 2001; 98:11592-7. 

[3] Alpert LC, Schecter RL, Berry DA, Melnychuk D, Peters WP, Caruso AJ, et al. Relation of 
Glutathione S-Transferase α and μ isoforms to response to therapy in human breast 
cancer. Clin Cancer Res. 1997; 3:661-7. 

[4] Ambrosone CB, Freudenhein JL, Graham S, Marshall JR, Vena JE, Brasure JR, et al. 
Cytochrome P4501A1 and Glutathione S-Transferase (M1) genetic polymorphisms 
and postmenopausal breast cancer risk. Cancer Res. 1995; 55:3483-5. 

[5] Ambrosone CB, Sweeney C, Coles BF, Thompson PA, Mcclure GY, Korourian S, et al. 
Polymorphism in glutatione S-transferases (GSTM1 and GSTT1) and survival after 
treatment for breast cancer. Cancer Res. 2001; 61:7130-5. 

[6] Ambudkar SV, Dey S, Hrycyna CA, Ramachandra M, Pastan I, Gostesman MM. 
Biochemical, cellular, and pharmacological aspects of the multi drug transporter. 
[Review] Annu Rev Pharmacol Toxicol 1999; 39: 361-98. 

[7] Arrick BA, Nathan CF. Glutatione metabolism as a determinant of therapeutic efficacy: a 
review. Cancer Res. 1984; 44:4224-32. 

[8] Asakura T, Sawai T, Hashidume Y, Ohkawa Y,Yokoyama S, Ohkawa K. Caspase-3 
activation during apoptosis caused by glutathione-doxorubicin conjugate. Br J 
Cancer. 1999; 80:711-5. 

[9] Autrup JL, Hokland P, Pedersen L, Autrup H. Effect of glutathione S-transferases on the 
survival of patients with acute myeloid leukaemia. Eur J Pharmacol. 2002; 438:15-8. 

[10] Bailey LR, Roodi N, Verrier CS, Yee CJ, Dupont WD, Parl FF. Breast cancer and CYPIA1, 
GSTM1, and GSTT1 polymorphisms: evidence of a lack of association in Caucasians 
and African Americans. Cancer Res. 1998; 58:65-70. 

[11] Balram C, Sharma A, Sivathasan C, Lee EJD. Frequency of C3435T single nucleotide 
MDR-1 genetic polymorphism in an Asian population: phenotypic-genotypic 
correlates. Br J Clin Pharmacol 2003;56:78-83. 

[12] Banhomme-Faivre L, Devocelle A, Saliba F, Chatled S, Maccario J, Farinotti R, et al MDR-1 
C3435T Polymorphism influences cyclosporine A dose requirement in liver-
transplant recipientes. Transplantation 2004;78:21-5. 

[13] Bear HD. Indications for neoadjuvante chemotherapy for breast cancer. Semin Oncol. 
1998; 25(2 Suppl. 3):3-12. 

[14] Bell DA, Taylor JA, Paulson DF, Robertson CN, Mohler JL, Lucier GW. Genetic risk and 
carcinogen exposure: a commom inherited defect of the carcinogen-metabolism gene 
glutathione S-transferase M1(GSTM1) that increases susceptibility to bladder cancer. J 
Nat Cancer Inst. 1993; 85:1159-64. 

[15] Biedler JL , Riehm H. Cellular resistance to actinomycin D in Chinese hamster cells in 
vitro: cross-resistance, radioautographic, and cytogenetic studies. Cancer Res 1970; 
30:1174-84. 

[16] Bodor M, Kelly EJ, Ho RJ. Characterization of the human MDR-1 gene. AAPS J 2005; 
7:E1-5. 

[17] Bonadonna G, Brusamolino E, Valagussa P, Rossi A, Brugnatelli L, Brambilla C, et al. 
Combination chemotherapy as an adjuvant treatment in operable breast cancer. N 
Engl J Med. 1976; 294:405-10. 

www.intechopen.com



 
Neoadjuvant Chemotherapy – Current Applications in Clinical Practice 

 

248 

[18] Bonadonna G, Valagussa P, Moliterni A, Zambetti M, Brambilla C. Adjuvant 
cyclophosphamide, methotrexate, and fluorouracil in node-positive breast cancer- the 
results of 20 years of follow-up. N Engl J Med 1995; 332:901-6.  

[19] Bonadonna G, Valagussa P. Adjuvant systemic therapy for resectable breast cancer. 
[Review] J Clin Oncol 1985; 3: 259-75. 

[20] Bonadonna G, Valagussa P. Chemotherapy of breast cancer: current views and results. 
[Review] Int J Radiat Oncol Biol Phys 1983; 9:279-97. 

[21] Bonadonna G, Valagussa P. Current status of adjuvant chemotherapy for breast cancer. 
[Review] Semin Oncol 1987; 14: 8-22. 

[22] Bonadonna G,Veronesi U, Brambilla C, Ferrari L, Luini A, Greco M, et al. Primary 
Chemotherapy to avoid mastectomy in tumors with diameters of three centimeters or 
more. J Natl Cancer Inst 1990;82:1539-45.Burg D, Mulder GJ. Glutatione conjugates 
and their synthetic derivates as inhibitors of glutatione-dependent enzymes involved 
in cancer and drug resistance. Drug Metab Rev. 2002; 34:821-63. 

[23] Brinkmann U, Eichelbaum M. Polymorphisms in ABC drug transporter gene MDR-1. 
Prospective comparison of multiple drug therapy with L-phenylalanine mustard. 
[Review] Pharmacogenomics J 2001; 1:59-64. 

[24] Canellos GP, DeVita VT, Gold GL, Chabner BA, Schein PS, Young RC. Cyclical 
combination chemotherapy for advanced breast carcinoma. Br Med J. 1974; 1:218-20. 

[25] Canellos GP, DeVita VT, Gold GL, Chabner BA, Schein PS, Young RC. Combination 
chemotherapy for advanced breast cancer: response and effect on survival. Ann 
Intern Med. 1976; 84:389-92. 

[26] Carlsen SA, Till JE, Ling V. Modulation of membrane drug permeability in Chinese 
hamster ovary cells. Biochim Biophys Acta 1976; 455:900-12.  

[27] Carlson RW, Anderson BO, Bensinger W, Cox CE, Davidson NE, Edge SB, et al. NCCN 
Practice Guidelines for Breast Cancer. Oncology. (Williston Park) 2000; 14:33-49. 

[28] Cavaco I, Gil JP, Gil-Berglund E, Ribeiro V. CYP3A4 and MDR-1 Alleles in a Portuguese 
Population. Clin Chem Lab Med 2003; 41(10): 1345-50. 

[29] Chan HSL, Thorner PS, Haddad G, Ling V. Immunoistochemical detection of P-
glycoprotein prognostic correlation in soft tissue sarcoma of childhood J Clin Oncol 
1990; 8: 689-704. 

[30] Chan HSL, Haddad G, Thorner PS. P-glycoprotein expression as a predictor of the 
outcome of therapy for neuroblastoma. New Engl J Med 1991; 325: 1608-1614. 

[31] Chevillard S, Pouillart P, Beldjord C, Asselain B, Belzeboc P, Magdelenat H et al. 
Sequential assessment of multidrug resistance phenotype and measurement of S-
phase fraction as predictive markers of breast cancer response to neoadjuvante 
chemotherapy. Cancer 1996; 77:292-300. 

[32] Daly A K. Pharmacogenetics of the major polymorphic metabolizing enzymes. Fundam 
Clin Pharmacol. 2003; 17:27-41. 

[33] Dang DT, Chen F,Kohli M, Rago C, Cummins JM, Dang LH Glutathione S- transferase π1 
promotes tumorigenicity in HCT116 colon cancer cells. Cancer Res. 2005; 65:9485-94. 

[34] Dasgupta RK, Adamson PJ, Davies FE, Rollinson S, Roddam PL, Ashcroft AJ, et al. 
Polymorphic variation in GSTP1 modulates outcome following therapy for multiple 
myeloma. Blood. 2003; 102:2345-50. 

[35] De Lena M, Zucali R, Viganotti G, Valagussa P, Bonadonna G Combined chemotherapy-
radiotherapy approach in locally advanced (T3b – T4) breast cancer. Cancer 
Chemother.Pharmacol.1978; 1:53-9.  

www.intechopen.com



 
Chemotherapy and Mechanisms of Resistance in Breast Cancer 

 

249 

[36] Del Principe MI, Del Poeta G, Maurillo L, Buccisano F, Venditti A, Tamburini A, et al. P 
glycoprotein and BCL-2 levels predict outcome in adult acute lymphoblastic 
leukaemia. Br J Haematol 2003; 121:730-8. 

[37] Del Vecchio S, Ciarmiello A, Pace L, Potena MI, Carriero MV, Mainolfi C et al. Fractional 
retention of technetium-99m-sestamibi as na index of P-glycoprotein expression in 
untreated breast câncer patients. J Nucl Med 1997; 38:1348-51. 

[38] Dirven HA, van Ommen B, van Bladeren PJ. Involvement of human glutathione S-
transferase isoenzymes in the conjugation of cyclophosphamide metabolites with 
glutathione. Cancer Res. 1994; 54:6215-20. 

[39] Dunning AM, Healey CS, Pharaoah PD, Teare MD, Ponder BA, Easton DF. A systematic 
review of genetic polymorphisms and breast cancer risk. Cancer Epidemiol 
Biomarkers Prev. 1999; 8:843-4. 

[40] Early Breast Cancer Trialists Collaborative Group. Effects of adjuvant tamoxifen and of 
cytotoxic therapy on mortality in early breast cancer: an overview of 61 randomized 
trials among 28,896 women. N Engl J Med. 1988; 319:1681-92. 

[41] Filipits M, Suchomel RW, Dekan G, Haider K, Valdimarsson G, Depisch D et al. MRP and 
MDR-1 gene expression in primary breast carcinomas. Clin Can Res 1996; 2:1231-7. 

[42] Fisher ER, Turnbull RB Jr. The cytolologic demonstration and significance of tumor cells 
in the mesenteric venous blood in patients with colorectal carcinoma. Surg Gynecol 
Obstet. 1955; 100:102-8. 

[43] Fisher B, Ravdin RG, Ausman RK, Slack NH, Moore GE, Noer RJ. Surgical adjuvant 
chemotherapy in cancer of the breast: results of a decade of cooperative investigation. 
Ann Surg. 1968; 168:337-56.  

[44] Fisher B, Carbone P, Economou SG, Lerner H, Frelick R, Glass A, et al. 1-Phenylalanine 
mustard (L-PAM) in the management of primary breast cancer. A report of early 
findings. N Engl J Med 1975; 292:117-22. 

[45] Fisher B, Bauer M, Margolese R, Poisson R, Pilch Y, Reymond C, et al. Five year results of 
a randomized clinical trial comparing total mastectomy and segmental mastectomy 
with or without radiation in the treatment of breast cancer. N Engl J Med. 1985; 
312:665-73. 

[46] Fisher B, Redmond C, Dimitrov NV, Bowman D, Legault-Poisson, S, Wickerham DL, et al. 
A randomized clinical trial evaluating sequential methotrexate and fluorouracil in the 
treatment of patients with node-negative breast cancer who have estrogen-receptor 
negative tumors. N Engl J Med. 1989; 320:473-8. 

[47] Fisher B, Anderson S, Redmond CK, Wolmark N, Wickerham DL, Cronin WM. Reanalysis 
and results after 12 years of follow-up in a randomized clinical trial comparing total 
mastectomy with lumpectomy with or without irradiation in the treatment of breast 
cancer. N Engl J Med 1995; 333:1456-61. 

[48] Fisher B, Bryant J, Wolmark N, Mamounas E, Brown A, Fisher ER, et al. Effect of 
preoperative chemotherapy on the outcome of women with operable breast cancer. J 
Clin Oncol. 1998; 16:2672-85. 

[49] Garcia-Closas M, Kelsey KT, Hankinson SE, Spiegelman D, Springer K, Willett WC, et al. 
Glutathione S-transferase mu and theta polymorphisms and breast cancer 
susceptibility. J Natl Cancer Inst 1999; 91:1960-4. 

[50] Gaudiano G, Koch, TH, Lo Bello M, Nuccetelli M, Ravagnan G, Serafino A, et al. Lack of 
glutathione conjugation to adriamycin in human breast cancer MCF-7/DOX cells. 
Biochem Pharmacol. 2000; 60:1915-23. 

www.intechopen.com



 
Neoadjuvant Chemotherapy – Current Applications in Clinical Practice 

 

250 

[51] Goldstein LJ.MDR1 gene expression in solid tumors. [Review] Eur J Cancer 1996; 
32A:1039-50. 

[52] Gottesmann MM, Pastan I. Biochemistry of multidrug resistance mediated by the 
multidrug transporter. [Review] Annu Rev Biochem 1993; 62:385-427. 

[53] Gunduz N, Fisher B, Saffer EA. Effect of surgical removal on the growth and kinetics of 
residual tumor. Cancer Res 1979; 39:3861-5. 

[54] Hamada S, Kamada M, Furomoto H, Hirao T, Aono T. Expression of Glutatione S-
transferase-π in human ovarian cancer as an indicator of resistance to chemotherapy. 
Gynecol Oncol. 1994; 52:313-9. 

[55] Hamdy SI, Hiratsuka M, Narahara K, Endo N, El-Enany M, Moursi N, et al. Genotype and 
allele frequencies of TPMT, NAT2, GST, SULTIA1 and MDR-1 in the Egyptian 
population.Br J Clin Pharmacol 2003;55:560-9. 

[56] Harbottle A, Daly AK, Atherton K, Campbell FC- Role of glutathione S-transferase P1, P-
glycoprotein and multidrug resistance-associated protein 1 in acquired doxorubicin 
resistance. Int J Cancer. 2001; 92:777-83. 

[57] Hayes JD, Pulford DJ The glutathione S-transferase supergene family: regulation of GST* 
and the contribution of the isoenzymes to cancer chemoprotection and drug 
resistence. Crit Rev Biochem Mol Biol. 1995; 30:445-600. 

[58] Helzlsouer KJ, Selmin O, Huang H, Strickland PT, Hoffman S, Alberg AJ, et al. 
Association between glutatione S-transferase M1, P1, and T1 genetic polymorphism 
and development of breast. J Natl Cancer Inst. 1998; 90:512-8. 

[59] Henderson IC. Adjuvant systemic therapy for early breast cancer. Curr Probl Cancer 
1987;11:125-207 

[60] Hoffmeyer S, Burk O, von Richter O, Arnold HP, Brockmöller J, Johne A et al. Functional 
polymorphisms of the human multidrug-resistance gene: Multiple sequence variation 
and correlation of one allele with P-glycoprotein expression and activity in vivo. Proc 
Natl Acad Sci 2000; 97(7):3473-8. 

[61] Howells RE, Holland T, Dhar KK, Redman CW, Hand P, Hoban PR, et al. Glutathione S-
transferase GSTM1 and GSTT1 genotypes in ovarian cancer: association with p53 
expression an survival. Int J Gynecol Cancer. 2001; 11:107-12. 

[62] Huang J, Tan PH, Thiyagarajan J, Bay B. Prognostic significance of glutathione S-
transferase-Pi in invasive breast cancer. Mod Pathol. 2003; 16:558-65. 

[63] Hutcheon AW, Heys SD. Primary systemic chemotherapy of large and locally advanced 
breast cancer. ASCO 2004; 63-79. 

[64] Jacquillat C, Weil M, Baillet F. Results of neoadjuvant chemotherapy (NEOAD CHEM) 
with or without hormonotherapy and external and interstitial radiation in 98 locally 
advanced breast cancer (LABC). Proc Am Soc Clin Oncol 1987;6:A257. 

[65] Jourenkova-Mironova N, Voho A, Bouchardy C, Wikman H, Dayer P, Benhamou S, et al. 
Glutathione S-transferase GSTM1, GSTM3, GSTP1 and GSTT1 genotypes and the risk 
of smoking-related oral and pharyngeal cancers. Int J Cancer. 1999; 81:44-8.  

[66] Juliano RL, Ling V. A surface glycoprotein modulating drug permeability in Chinese 
hamster ovary cell mutants. Biochim Biophys Acta 1976; 455:152-62. 

[67] Kafka A, Sauer G, Jaeger C, Grundmann R, Kreienberg R, Zeillinger R, et al. 
Polymorphism C3435T of the MDR-1 gene predicts response to preoperative 
chemotherapy in locally advanced cancer. Int J Oncol 2003;22:1117-21.  

www.intechopen.com



 
Chemotherapy and Mechanisms of Resistance in Breast Cancer 

 

251 

[68] Kavallaris M, Learey JA, Barrett JA, Frielander ML.MDR-1 and multi drug resistance-
associated protein(MRP) gene expression in epithelial ovarian tumors. Cancer Lett 
1996;102:7-16. 

[69] Khedhaier A, Remadi S, Corbex M, Ahmed SB, Bouaouina N, Mestiri S, et al. Glutathione 
S-Transferases (GSTT1 and GSTM1) gene deletions in tunisians: susceptibility and 
prognostic implications in breast carcinoma. Br J Cancer. 2003; 89:1502-7. 

[70] Kim RB, Leake BF, Choo EF, Dresser GK, Kubba SV, Schwarz UI, et al. Identification of 
functionally variant MDR-1 alleles among European Americans and African 
Americans. Clin Pharm Ther 2001;70:189-99. 

[71] Konishi I, Nambu K, Mandai M, Tsuruta Y, Kataoka N, Nagata Y, et al. Tumor response 
to neoadjuvant chemotherapy correlates with the expression of P-glycoprotein and 
PCNA but not GST-π in the tumor cells of cervical carcinoma Gynecol Oncol. 1998; 
70:365-71. 

[72] Kroger N, Acterrath S, Hegewisch-Becker K, Mross K, Zander AR. Current options in 
treatment of anthracycline-resistant breast cancer. Cancer Treat Rev. 1999; 25:279-91.  

[73] L’Ecuyer T, Allebban Z, Thomas R, Vander Heide RV. Glutathione S-transferase over 
expression protects against anthracycline-induced H9C2 cell death. Am J Physiol 
Heart Circ Phisiol. 2004; 286:H2057-64. 

[74] Leonessa F, Clarke R. ATP binding cassette transporters and drug resistance in breast 
cancer. Endocr Relat Cancer. 2003; 10:43-73. 

[75] Leyland-Jones BR, Towsend AJ, Tu CD, Cowan KH, Goldsmith ME. Antineoplastic drug 
sensitivity of human MCF-7 breast cancer cells stably transfected with a human α 
class glutathione S-transferase gene. Cancer Res. 1991; 51:587-94. 

[76] Lizard-Nacol S, Coudert B, Colosetti P, Riedinger JM, Fargeot P, Brunet-Lecomte P. 
Glutathione S-transferase M1 null genotype: lack of association with tumour 
characteristics and survival in advanced breast cancer. Breast Cancer Res. 1999;1:81-7. 

[77] Loktionov A, Watson MA, Gunter M, Stebbings WS, Speakman CT, Bingham SA. 
Glutathione-S-transferase gene polymorphisms in colorectal cancer patients: 
interaction between GSTM1 and GSTM3 allele variants as a risk-modulating factor. 
Carcinogenesis. 2001; 22:1053-60.  

[78] Mansour EG, Gray R, Shatila AH, Tormey DC, Cooper MR, Osborne CK, et al. Survival 
advantage of adjuvant chemotherapy in high-risk node-negative breast cancer: ten-
year analysis--an intergroup study. J Clin Oncol. 1998;16:3486-92.  

[79] McIlwain CC, Townsend DM, Tew KD. Glutathione S-transferase polymorphisms: cancer 
incidence and therapy. Oncogene. 2006; 25:1639-48. 

[80] Mauriac L, Durand M, Avril A, Dilhuydy JM. Effects of primary chemotherapy in 
conservative treatment of breast cancer patients with operable tumors large than 3 
cm. Results of a randomized trial in a single centre. Ann Oncol 1991;2: 347-54. 

[81] Millikan R, Pittman G, Tse CK, Savitz DA, Newman B, Bell D. Glutathione S-transferases 
M1, T1, and P1 and breast cancer. Cancer Epidemiol Biomarkers Prev. 2000; 9:567-73.  

[82] Morrow CS, Smitherman PK, Diah SK, Schneider E, Townsend AL. Coordinated action of 
glutathione S-transferases (GSTs) and multidrug resistance protein 1 (MRP1) in 
antineoplastic drug detoxification. Mechanism of GST A1-1- and MRP1-associated 
resistance to chlorambucil in MCF7 breast carcinoma cells. J Biol Chem. 1998; 
273:20114-20. 

www.intechopen.com



 
Neoadjuvant Chemotherapy – Current Applications in Clinical Practice 

 

252 

[83] Moscow JA, Townsend AJ, Cowan KH. Elevation of π class glutathione S-transferase 
activity in human breast cancer cells by transfection of the GSTπ gene and its effect on 
sensitivity to toxins. Mol Pharmacol. 1989; 36:22-8. 

[84] Nakagawa K, Yokota J, Wada M, Sasaki Y, Fujiwara Y, Sakai M, et al. Levels of 
glutathione S-transferase π mRNA in human lung cancer cell lines correlate with the 
resistance to cisplatin and carboplatin. Jpn J Cancer Res; 1988; 79:301-4. 

[85] Nakagawa K, Saijo N, Tsuchida S, Sakai M, Tsunokawa Y, Yokota J, et al. Glutathione-S-
transferase π as a determination of drug resistance in transfectant cell lines. J Biol 
Chem. 1990; 265:4296-301. 

[86] Naoe T, Tagawa Y, Kiyoi H, Kodera Y, Miyawaki S, Asou N, et al. Prognostic significance 
of the null genotype of Glutathione S-Transferase-T1 in patients with acute myeloid 
leukemia: increased early death after chemotherapy. Leukemia. 2002; 16:203-8. 

[87] O’Brien ML, Tew KD. Glutathione and related enzymes in multidrug resistance. Eur J 
Cancer. 1996; 32A:967-78. 

[88] O’Brien M, Kruh GD, Tew KD. The influence of coordinate overexpression of glutathione 
phase II detoxification gene products on drug resistance. J Pharmacol Exp Ther. 2000; 
294:480-7. 

[89] Osmak M, Brozovic A, Ambriovic-Ristov A, Hadzija M, Pivcevic B, Smital T. Inhibition of 
apoptosis is the cause of resistance to doxorubicin in human breast adenocarcinoma 
cells. Neoplasma. 1998; 45:223-30. 

[90] Pakunlu R, Cook T, Minko T. Simultaneous modulation of multidrug resistance and 
antiapoptotic cellular defense by MDR-1 and BCL-2 targeted antisense 
oligonucleotides enhances the anticancer efficacy of doxorubicin. Pharm Res 2003; 
20:351-9. 

[91] Parl FF. Glutathione S-transferase genotypes and cancer risk. Cancer Lett. 2005; 221:123-9.  
[92] Park SK, Yoo KY, Lee SJ, Kim SU, Ahn SH, Noh DY, et al. Alcohol consumption, 

glutathione S-transferase M1 and T1 genetic polymorphisms and breast cancer risk. 
Pharmacogenetics. 2000; 10:301-9. 

[93] Paumi CM, Ledford BG, Smitherman PK, Townsend AJ, Morrow CS. Role of multidrug 
resistance protein 1 (MRP1) and glutathione S-transferase A1-1 in alkylating agent 
resistance. Kinetics of glutathione conjugate formation and efflux govern differential 
cellular sensitivity to chlorambucil versus melphalan toxicity. J Biol Chem. 2001; 276: 
7952-6.  

[94] Peters WH, Roelofs HM, van Putten WL, Jansen JB, Klijn JG, Foekens JA. Response to 
adjuvant chemotherapy in primary breast cancer: no correlation with expression of 
glutathione S- transferases. Br J Cancer. 1993; 68:86-92. 

[95] Powles TJ, Hickish TF, Makris A, Ashley SE, O’Brien MER, Tidy VA, et al. Randomized 
trial of chemoendocrine therapy started before or after surgery for treatment of 
primary breast cancer. J Clin Oncol 1995;13:547-52. 

[96] Ragaz J, Baird R, Rebbeck P, Trevisan C, Goldie J, Coldman A, et al. Preoperative versus 
postoperative chemotherapy for stage (I&II) breast cancer: long-term analysis of 
British Colombia randomized trial. [Abstract] Proc Am Soc Clin Oncol 1997; 16:142a. 

[97] Raspollini MR, Amunni G, Villanucci A, Boddi V, Taddei GL. Increased Cyclooxygenase-
2(COX-2) and P-glycoprotein-170(MDR-1) expression is associated with 
chemotherapy resistance and poor prognosis. Analysis in ovarian carcinoma patients 
with low and high survival. Int J Gynecol Cancer 2005; 15:255-60. 

www.intechopen.com



 
Chemotherapy and Mechanisms of Resistance in Breast Cancer 

 

253 

[98] Riddick DS, Lee C, Ramji S, Chinje EC, Cowwen RL, Willians KJ, et al. Cancer 
chemotherapy and drug metabolism. Drug Metab Dispos. 2005; 33:1083-96. 

[99] Riordan JR, Ling V. Purification of P-glycoprotein from plasma membrane vesicles of 
Chinese hamsters ovary cell mutants with reduced colchicine permeability. J Biol 
Chem 1979; 254:12701-5. 

[100] Ro J, Sahin A, Ro JY, Fritsche H, Hortobagyi G, Blick M. Immunohistochemical analysis 
of P-glycoprotein expression correlated with chemotherapy resistance in locally 
advanced breast cancer. Human Pathol 1990; 21:787-91. 

[101] Russo A, Mitchell JB. Pontentiation and protection of doxorubicin cytotoxicity by cellular 
glutathione modulation. Cancer Treat Rep. 1985; 69:1293-96. 

[102] Saarikoski ST, Voho A, Renikainen M, Antilla S, Karjalainen A, Malaveille C, et al. 
Combined effect of polymorphic GST genes on individual susceptibility to lung 
cancer. Int J Cancer. 1998; 77:516-21. 

[103] Sauer G, Kafka A, Grundmann R, Kreinberg R, Zeillinger R, Deissler H. Basal expression 
of the multidrug resistance gene 1 (MDR-1) is associated with the TT genotype at the 
polymorphic site C3435T in mammary and ovarian carcinoma cells lines. Cancer Lett 
2002;185:79-85. 

[104] Sauna ZE, Smith MM, Müller M, Kerr KM, Ambudkar SV. The mechanism of action of 
multidrug-resistance linked P-glycoprotein. [Review] J Bioenerg Biomembr 2001; 
33:481-91. 

[105] Schisselbauer JC, Silber R, Papadopoulos E, Abrams K, LaCreta FP, Tew KD. 
Characterization of glutathione S-transferase expression in lymphocytes from chronic 
lymphocytic leukemia patients. Cancer Res. 1990; 50:3562-8. 

[106] Semiglazov VF, Topuzov EE, Bavli JL, Moiseyenko VM, Ivanova OA, Seleznev IK, et al. 
Primary (neoadjuvant) chemotherapy and radiotherapy compared with primary 
alone in stage IIB-IIIA breast cancer. Ann Oncol 1994;5:591-5. 

[107] Shapiro DM, Fugmann RA. A role for chemotherapy as an adjunct to surgery. Cancer 
Res. 1957; 1098-101. 

[108] Shea TC, Claflin G, Comstok KE, Sanderson BJ, Burstein NA, Keenan EJ, Glutathione 
transferase activity and isoenzyme composition in primary human breast cancer 
Cancer Res. 1990; 50:6848-53. 

[109] Shimada T, Hayes, CL, Yamazaki H, Amin S, Hecht SS, Guengerich FP, et al. Activation 
of chemically diverse procarcinogens by human cytochrome P-450 1B1. Cancer Res. 
1996; 56:2979-84. 

[110] Scholl SM, Fourquet A, Asselain B, Pierga JY, Vilcoq JR, Durand JC, et al. Neoadjuvant 
versus adjuvant chemotherapy in premenopausal patients with tumors considered 
too large for breast conserving surgery: preliminary results of a randomized trial: S6. J 
Eur J Cancer 1994; 30A:645-52. 

[111] Scotto KW. Transcriptional regulation of ABC drug transporters. Oncogene 2003;22:7496-
7511.Swenney C, McLure GY, Fares MY, Stone A, Coles BF, Thompson PA, et al. 
Association between survival after treatment for breast cancer and Glutathione S-
transferase P1 Ile105Val polymorphism Cancer Res. 2000; 60:5621-4. 

[112] Tanabe M, Ieiri I, Nagata N, Inoue K, Ito S, Kanamoru Y, et al. Expression of P-
glycoprotein in human placenta relation to genetic polymorphism of the multidrug 
resistance (MDR)-1 gene. J Pharmacol Exp Ther 2001; 297:1137-43. 

www.intechopen.com



 
Neoadjuvant Chemotherapy – Current Applications in Clinical Practice 

 

254 

[113] Tashiro K, Asakura T, Fujiwara C, Ohkawa K, Ishibashi Y. Glutathione-S-transferase-π 
expression regulates sensitivity to Glutathione-doxorubicin conjugate. Anti-Cancer 
Drugs. 2001; 12:707-12. 

[114] Terek MC, Zekioglu O, Sendag F, Akercae F, Ozsaran A, Erhan Y. MDR-1 Gene 
expression in endometrial carcinoma. Int J Gynecol Cancer. 2003; 13:673-7. 

[115] Tew KD. Glutahione-associated enzymes in anticancer drug resistance. Cancer Res. 1994; 
54:4313-20. 

[116] Townsend AJ, Cowan KH. Glutathione S-transferases and antineoplastic drug resistance. 
Cancer Bull. 1989; 41:31-6. 

[117] Townsend D, Tew K. Cancer drugs, genetic variation and the glutathione-S-transferase 
gene family. Am J Pharmacogenomics. 2003a; 3:157-72. 

[118] Townsend D, Tew KD. The hole of glutathione-S-transferase in anti-cancer drug 
resistance. Oncogene. 2003b; 22:7369-75.  

[119] Trock DJ, Leonessa F, Clarke R. Multidrug resistance in breast cancer: a meta-analysis of 
MDR-1/gp170 expression and its possible functional significance. J Nat Cancer Inst 
1997; 89:917-931. 

[120] Valagussa P, Zambetti M, Bonadonna G, Zucali R, Mezzanotte G, Veroneso U. Prognostic 
factors in locally advanced noninflammatory breast cancer. Long-term results 
following primary chemotherapy. Breast Cancer Res Treat 1990; 15:137-47.Van der 
Hage JA, van de Velde CJH, Julián JP, Tubiana-Hulin M, Vandervelden C, Duchateau 
L et al. Preoperative chemotherapy in primary operable breast cancer: results from 
The European Organization for research and treatment of cancer trial 10902. J Clin 
Oncol 2001;19: 4224-37. 

[121] Yang G, Shu XO, Ruan ZX, Cai QY, Jin F, Gao YT, et al. Genetic polymorphisms in 
glutathione-S-transferase genes (GSTM1, GSTT1, GSTP1) and survival after 
chemotherapy for invasive breast carcinoma. Cancer. 2005; 103:52-8. 

[122] Yang X, Uzely B, Groshen S, Lukas J, Israel V, Russell C et al. MDR-1 gene expression in 
primary and advanced breast cancer. Lab Invest 1999; 79:271-280.  

[123] Wang T, Arifoglu P, Ronai Z, Tew KD. Glutathione S-transferase P1-1 (GSTP1-1)Inhibits 
c-Jun N-terminal Kinase (JNK1) Signaling through Interaction with the C Terminus. J 
Biol Chem. 2001; 276:20999-1003. 

[124] Wolff AC, Davidson NE. Primary systemic therapy in operable breast cancer. [Review] J 
Clin Oncol 2000; 18:1558-69. 

[125] Wolmark N, Wang J, Mamounas E, Bryant J, Fisher B. Preoperative chemotherapy in 
patients with operable breast cancer: nine-year results from National Surgical 
Adjuvant Breast and Bowel Project B-18. J Natl Cancer Inst Monogr 2001;30:96-102. 

[126] Zheng T, Holford TR, Zahm SH, Owens PH, Boyle P, Zhang Y, et al. Cigarette smoking, 
glutathione-S-transferase M1 and T1 genetic polymorphisms, and breast cancer 
risk(United States). Cancer Causes Control. 2002; 13:637-45.  

[127] Zheng W, Wen WQ, Gustafson DR, Gross M, Cerhan JR, Folsom AR. GSTM1 and GSTT1 
polymorphisms and postmenopausal breast cancer risk. Breast Cancer Res Treat. 
2002; 74:9-16.  

[128] Zheng T, Holford TR, Zahm SH, Owens PH, Boyle P, Zhang Y, et al. Glutathione S-
transferase M1 and T1 genetic polymorphism, alcohol consumption and breast cancer 
risk. Br J Cancer. 2003; 88:58-62. 

www.intechopen.com



Neoadjuvant Chemotherapy - Current Applications in Clinical

Practice

Edited by Dr. Oliver Bathe

ISBN 978-953-307-994-3

Hard cover, 268 pages

Publisher InTech

Published online 01, February, 2012

Published in print edition February, 2012

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

The most significant advances in cancer therapy in recent years have involved the development of systemic

therapeutics. With improvements in response rates in solid tumors, opportunities have arisen to enhance the

effectiveness of surgery. Administration of systemic therapy prior to surgery - neoadjuvant chemotherapy -

represents one approach by which clinicians have successfully reduced the extent of surgery and, in some

instances, positively impacted on clinical outcomes. This collection of works by expert clinicians from a variety

of disciplines represents an exploration of the current knowledge of the role of neoadjuvant chemotherapy in

diverse tumor types.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Andre Lima de Oliveira, Roberto Euzebio dos Santos and Fabio Francisco Oliveira Rodrigues (2012).

Chemotherapy and Mechanisms of Resistance in Breast Cancer, Neoadjuvant Chemotherapy - Current

Applications in Clinical Practice, Dr. Oliver Bathe (Ed.), ISBN: 978-953-307-994-3, InTech, Available from:

http://www.intechopen.com/books/neoadjuvant-chemotherapy-current-applications-in-clinical-

practice/chemotherapy-and-mechanisms-of-resistance



© 2012 The Author(s). Licensee IntechOpen. This is an open access article

distributed under the terms of the Creative Commons Attribution 3.0

License, which permits unrestricted use, distribution, and reproduction in

any medium, provided the original work is properly cited.


