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Introduction

The erbB2 (also known as HER2 or neu) gene encodes a 185-kDa transmembrane glyco-
protein, which belongs to the epidermal growth factor receptor (EGFR) family. ErbB2
is a receptor tyrosine kinase with intrinsic tyrosine kinase activity. The mammalian

EGFR family comprises four receptors (EGFR, ErbB2, ErbB3, and ErbB4), which are derived
from a series of gene duplications early in vertebrate evolution and are 40%–45% identical.1

ErbB2 is the only EGFR family member for which no ligand has been found. This may be
explained by the unique structure of the ErbB2 extracellular domain, which is not favorable for
ligand binding.2,3 Since ErbB2 extracellular domain is always in the open conformation, ErbB2
is the preferred binding partner of all ErbB receptors even as a monomer.2-4 The binding of
ErbB2 to other ErbB receptors results in increased signaling potency of the dimerized receptors
through several means, including increased ligand affinity, increased coupling efficiency to
signaling molecules, and decreased rate of receptor internalization.5-8

ErbB2 plays an important role in human malignancies. The erbB2 gene is amplified or
overexpressed in approximately 30% of human breast cancers9 and in many other cancer types,
including ovarian,9 stomach,10 bladder,11 salivary,12 and lung carcinomas.13 Overwhelming
evidence from numerous studies indicates that amplification or overexpression of ErbB2 dis-
rupts normal cell-control mechanisms and gives rise of aggressive tumor cells.14 Patients with
ErbB2-overexpressing breast cancer have substantially lower overall survival rates and shorter
disease-free intervals than patients whose cancer does not overexpress ErbB2. Moreover,
overexpression of ErbB2 leads to increased breast cancer metastasis.15-17 The important roles of
ErbB2 in cancer progression render it a highly attractive target for therapeutic interventions of
breast cancer.18,19 The humanized ErbB2-targeting antibody trastuzumab (Herceptin, from
Genentech)20 was approved for the treatment of ErbB2-overexpressing breast cancers in 1998.
In both phase II and phase III clinical trials, the antibody has shown remarkable therapeutic
efficacy when given in combination with chemotherapeutic agents.21,22 Trastuzumab repre-
sents an excellent example of the ErbB2-targeting therapies. Other efforts to develop
ErbB2-targeting cancer therapies also have yielded promising results, such as E1A gene
therapy,23,24 single-chain antibodies,25,26 and tyrosine kinase inhibitors,27 just to name a few.

These novel targeted cancer therapies provide exciting new hope and opportunity for fighting
breast cancers. However, the majority of patients with breast carcinoma still receive chemotherapy
as a critical component of multimodality treatment.28 Thus, understanding the effect and
mechanisms of ErbB2 on chemosensitivity is important for anticancer agent selection and individu-
alization of patient treatment, which are critical to the success of treatment of breast cancers.
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ErbB2 and Chemoresistance
Although the role and the mechanisms of ErbB2 overexpression on chemosensitivity still

require intensive investigation, findings of many clinical and laboratory studies suggest that
ErbB2 overexpression leads to increased chemoresistance to certain chemotherapeutic agents.

Clinical Studies
In a clinical study of breast cancer patients receiving adjuvant chemotherapy (cyclophos-

phamide, methotrexate, 5-fluorouracil, and prednisone [CMFP]), those with ErbB2-negative
tumors showed a significantly greater rate of disease free survival in response to therapy than
patients with ErbB2-positive tumors, indicating that overexpression of ErbB2 may play a role
in resistance to chemotherapy.29 In another study, it was found that tumors that overexpress
ErbB2 are less responsive to cyclophosphamide, methotrexate, and 5-fluorouracil (CMF) adju-
vant therapy regimen than tumors that express a normal amount of ErbB2 protein.30 ErbB2
overexpression was also shown to have predictive value in epirubicin therapy in patients with
advanced breast cancer.31 It has been reported that tumors coexpressing ErbB2 and Ras pro-
teins were less responsive to tamoxifen and CMF regimens than those expressing low levels of
ErbB2 and Ras.32 Recently, several groups reported that an elevated serum ErbB2 level pre-
dicted an unfavorable response to hormonal therapy or chemotherapy in patients with ad-
vanced metastatic breast cancer.33-36 Supporting data also came from the clinical trials in which
trastuzumab was combined with chemotherapeutic agents. In a phase III first-line study, the
combination of trastuzumab and chemotherapy produced significantly greater clinical benefit
than chemotherapy alone.37 Similarly, a randomized phase II study comparing trastuzumab
plus docetaxel with docetaxel alone in 188 patients with metastatic breast cancer yielded a
statistically significant difference in terms of overall response rate, time to treatment progres-
sion and overall survival in favor of the combination.38 These results suggest that ErbB2
overexpression plays a role in inducing chemoresistance.

Laboratory Findings
Data from laboratory studies have provided more direct evidence that ErbB2-overexpressing

breast cancer cells are more resistant to certain chemotherapeutic agents than cells that do not
overexpress ErbB2. A panel of human breast cancer cell lines expressing ErbB2 at different
levels was tested for their sensitivity to paclitaxel and docetaxel.39 Higher expression of ErbB2
in these cell lines correlated well with resistance to the drugs, and downregulation of cell-surface
ErbB2 using an anti-ErbB2 monoclonal antibody significantly sensitized the cell lines to
paclitaxel. The results indicate that overexpression of ErbB2 renders human breast cancer cells
resistant to paclitaxel.39 In another study, MDA-MB-435 human breast cancer cells40 were
stably transfected with the erbB2 gene that led to increased ErbB2 expression and no change
in the expression of the multidrug resistance gene mdr1, but the ErbB2-overexpressing
transfectants were more resistant to paclitaxel and docetaxel than their parental cells.41 This
leads to the conclusion that overexpression of ErbB2 can lead to intrinsic paclitaxel and docetaxel
resistance independent of the mdr1-mediated multidrug resistance mechanism. These find-
ings are supported by results of other independent studies using multiple breast cancer cell
lines that express high levels of ErbB2 protein.42-46 Moreover, downregulation of ErbB2 with
the antisense oligonucleotides in ErbB2-overexpressing BT-474 breast cancer cells suppressed
ErbB2 overexpression by 60.5% and subsequently increased the sensitivity of these cells to
adriamycin and paclitaxel 20.8- and 10.8-fold, respectively.47 Furthermore, several other
ErbB2-targeting approaches that downregulate ErbB2, such as humanized anti-ErbB2 anti-
bodies,48,49 tyrosine kinase inhibitors,50 and adenovirus type 5 E1A,51,52 all led to sensitiza-
tion to certain chemotherapeutic agents in cultured cancer cells or in animal models. Taken
together, these laboratory findings clearly indicate that ErbB2 overexpression is linked to
resistance to particular chemotherapeutic agents.
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The Existing Controversy
Despite the supporting evidence just described, current clinical and experimental data on

the effect of ErbB2 overexpression on chemosensitivity remain controversial. Results of several
clinical studies have suggested that ErbB2 overexpression does not necessarily lead to chemore-
sistance. One clinical study showed that ErbB2 expression does not predict response to docetaxel
or sequential methotrexate and 5-fluorouracil in advanced breast cancers.53 Another study showed
that ErbB2 expression was not significantly associated with tumor response to neoadjuvant
treatment with fluorouracil, adriamycin and cyclophoshamide (FAC) in 329 cases of breast
cancer.54 In yet another study, ErbB2-overexpressing breast cancers responded better to
doxorubicin than did breast cancers expressing low levels of ErbB2.55

These contradictory clinical observations may be partly explained by intrinsic differences in
the design of the studies. Since clinical studies are complicated processes, numerous factors
may affect the outcome of the investigations. For example, amplification and overexpression of
ErbB2 can be detected by fluorescence in situ hybridization, immunohistochemistry, or
enzyme-linked immunosorbent assay on tumor tissue samples.56 However, use of
nonstandardized assay, subjectivity of the assay performer, limitations of techniques, differ-
ences in antibodies or DNA probes used, and differences in tissue treatment procedure have
resulted in discordance in determining ErbB2 expression levels. In other words, the way in
which the ErbB2 expression level was determined and defined is a very important factor that
may affect the outcome of a study. Other factors that may affect outcome include the timing of
treatment (neoadjuvant or adjuvant); the type of regimen (e.g., FAC or CMF); the treatment
status of the patient (previously treated or untreated); patient’s age (younger or older),
menopausal status, and ethnic background; estrogen-receptor status of the tumor (positive or
negative); and presence or absence of other genetic alterations that may interact with the ErbB2
receptor. Thus, any of these factors may lead to discordance in the outcomes of investigations
on the role of ErbB2 in modulating chemosensitivity.57

The controversy over the role of ErbB2 in chemosensitivity also exists in laboratory studies.
For example, In a laboratory study in which erbB2-transfected breast and ovarian cancer cells
were used to determine the effect of ErbB2 overexpression on chemosensitivity, ErbB2
overexpression was found to be insufficient to induce intrinsic resistance to drugs, including
paclitaxel.58 Although this study involved the use of a series of erbB2-transfected breast cancer
cells, including erbB2-transfected MDA-MB-435 breast cancer cells, it yielded results
that apparently disagreed with those of an earlier study showing that ErbB2 can confer paclitaxel
resistance in erbB2-transfected MDA-MB-435 cells.41 The discrepancy may be explained partly
by differences in ErbB2 expression levels between the erbB2-transfected MDA-MB-435 cells
used in the two studies. In particular, the erbB2 transfectants that showed paclitaxel resistance
expressed very high levels of ErbB2 protein, similar to those expressed in the SKBR3 breast
cancer cell line, which was established from an ErbB2-overexpressing primary breast tumor.41

However, the erbB2 transfectants that showed no paclitaxel resistance produced less than
one-third of the level of ErbB2 protein expressed by SKBR3 cells.58,57 Based on the data from
these two independent studies, we suggest that ErbB2 overexpression must reach a threshold
level in breast cancer cells before they become resistant to paclitaxel. This might provide a
reasonable explanation for the discrepancy between the findings of the two studies.

Molecular Mechanisms of ErbB2-Mediated Chemoresistance
The role of ErbB2 in chemoresistance is a problem of great clinical importance, and the

observational data are abundant, as described above. Because of the controversy and the
complexity of this problem, however, our knowledge on the molecular mechanisms of how
ErbB2 confers chemoresistance is still limited. It is generally believed that breast cancer cells
overexpressing ErbB2 are intrinsically resistant to DNA-damaging agents such as cisplatin as
the result of an altered cell-cycle checkpoint, altered DNA repair mechanisms, and altered
apoptosis responses.59,60
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Apoptosis is a predominant mechanism by which cancer chemotherapeutic agents kill
cells.61,62 The failure of cancer cells to detect chemotherapeutic agent-induced damage and to
activate apoptosis may lead to multidrug resistance. The results from our studies indicate that
overexpression of ErbB2 renders human breast cancer cells resistant to paclitaxel.39,41 While
studying the molecular mechanisms of ErbB2-mediated paclitaxel resistance, we found that
treatment of MDA-MB-435 breast cancer cells with paclitaxel caused them to undergo apoptosis,
which was inhibited in their paired transfectants overexpressing ErbB2. Further investigation
showed that paclitaxel-treatment induced a premature activation of p34Cdc2 kinase, the
mitotic serine/threonine kinase that binds to cyclin B and also plays an important role in
cancer cell apoptosis.63 The premature activation of p34Cdc2 led to mitotic catastrophe, i.e.,
apoptosis. A chemical inhibitor of p34Cdc2 and a dominant-negative mutant of p34Cdc2 blocked
paclitaxel-induced apoptosis in these cells, indicating that a premature Cdc2 activation is a
prerequisite for paclitaxel-induced apoptosis in MDA-MB-435 cells. We demonstrated that
overexpression of ErbB2 in MDA-MB-435 cells transcriptionally upregulates p21Cip1, which
associates with p34Cdc2, inhibits paclitaxel-mediated p34Cdc2 activation, delays cell entrance to
G2/M phase, and thereby inhibits paclitaxel-induced apoptosis. Therefore, upregulation of
p21Cip1 by ErbB2 inhibits p34Cdc2 and deregulates G2/M checkpoint that contributes to
resistance to paclitaxel-induced apoptosis in ErbB2-overexpressing breast cancer cells.64

In addition, we found that phosphorylation on tyrosine (Tyr)15 of Cdc2, the crucial inhibi-
tory phosphorylation site of Cdc2, is elevated in ErbB2-overexpressing breast cancer cells and
primary tumors independent of Wee1, Cdc25C, and p21Cip1. We showed that ErbB2 binds to
and colocalizes with cyclin B-Cdc2 complexes and can directly and specifically phosphorylate
Cdc2 on Tyr15. Increased Cdc2-Tyr15 phosphorylation in ErbB2-overexpressing cells corre-
sponds with delayed M phase entry and reduced sensitivity to paclitaxel-induced apoptosis.
Expression of a kinase-defective ErbB2 in MDA-MB-435 breast cancer cells or expression of a
nonphosphorylatable Cdc2Y15F mutant in ErbB2 gene transfectant of the MDA-MB-435
cells render the cells sensitive to paclitaxel-induced apoptosis. These data indicate that the
increased Cdc2-Tyr15 phosphorylation by ErbB2 tyrosine kinase may be a pertinent cell-cycle
checkpoint defect that is involved in paclitaxel resistance in ErbB2-overexpressing breast
cancers. Taken together, these findings indicate that ErbB2 overexpression can confer breast
cancer cell resistance to paclitaxel-induced apoptosis by inhibiting Cdc2 activation through at
least two mechanisms: (1) ErbB2 kinase-independent p21 upregulation and (2) ErbB2
kinase-dependent direct phosphorylation of Cdc2 on Tyr15 (Fig. 1). This model is further
supported by results of a study on patient samples showing that ErbB2 overexpression is
correlated with p21Cip1 upregulation and with increased p34Cdc2-Tyr15 phosphorylation in
breast tumors.65

Other molecular mechanisms may also underlie ErbB2-mediated paclitaxel resistance. In
addition, the molecular mechanisms of ErbB2-mediated resistance to different chemothera-
peutic agents could be different. For example, other molecular mechanisms of ErbB2-mediated
chemoresistance may involve activation of the PI3K/Akt pathway by ErbB2, which leads to
increased cancer cell survival,46 the estrogen receptor-ErbB2 cross-talk in ErbB2-positive breast
cancer cells,66,67 and coexpression of ErbB2 with other ErbB family receptors.44 Although
hints of how ErbB2-overexpressing breast tumors evade chemotherapeutic agent-induced
apoptosis and develop chemoresistance are beginning to surface, it is obvious that many questions
remain to be answered.

Targeting ErbB2 to Overcome Chemoresistance
Numerous lines of laboratory and clinical evidence indicate that ErbB2-targeting agents

can sensitize the response of tumor cells to chemotherapeutic agents; therefore, developing
ErbB2-targeting strategies to improve the therapy of ErbB2-overexpressing breast cancer re-
mains a high priority. During the last decade, several exciting techniques have been developed
to target ErbB2. Although some are still under investigation, many studies have shown that
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these ErbB2-targeting techniques not only inhibit tumor growth, but also lead to
chemosensitization of ErbB2-overexpressing cancer cells (Table 1).

One of the most successful example is Trastuzumab, which is a humanized antibody that
binds to the extracellular domain of ErbB2.20 Recent studies have shown that, in addition to
inhibition of ErbB2 signaling, trastuzumab has other functions, such as activation of the PTEN
tumor suppressor gene,68 induction of p27Kip1, and induction of G1 cell cycle arrest.69,70

Trastuzumab has demonstrated tumor-inhibitory and chemosensitizing effects for paclitaxel
and several other chemotherapeutic agents in preclinical studies and in phase II and phase III
clinical trials.21,22,48,71 These results represent an excellent example of anti-ErbB2
antibody-mediated chemosensitization. On the basis of our understanding of the mechanisms
of ErbB2-mediated paclitaxel resistance, we investigated the mechanisms by which trastuzumab
enhances the antitumor effects of paclitaxel in vitro and in vivo. We found that treatment of
ErbB2-overexpressing cells with trastuzumab can inhibit ErbB2-mediated Cdc2-Tyr15 phos-
phorylation and p21Cip1 upregulation, which allows effective p34Cdc2 activation and induction
of apoptosis upon paclitaxel treatment.49,65

In addition, the past 15 years have witnessed the development of several effective
ErbB2-tageting strategies. These include, but not limited to, adenovirus type 5 E1A protein
(please refer to the chapter by Liao and Hung for more details),51,72-75,76 ErbB2-specific
tyrosine kinase inhibitors such as emodin,50 HKI-272,27 and GW572016,77 anti-ErbB2 intra-
cellular single-chain antibodies (sFv),25,26,78,79 ErbB2-targeting antisense oligonucleotide,47,80-83

rationally designed anti-ErbB2 peptide mimetics (AHNP),84-86 all-trans retinoic acid (ATRA)
and fenretinide (4-HPR).87 These ErbB2-tageting strategies either have been shown to have
chemosensitization effect or are currently under testing for chemosensitization in
ErbB2-overexpressing breast cancer cell lines, animal models, or clinical trials.57

These approaches discussed above have already shown promise in overcoming
ErbB2-mediated chemoresistance in either laboratory or clinical studies. Other new technologies
are also under development. For example, ErbB2-targeting small interfering RNAs (siRNAs)

Figure 1. Model of inhibition of p34Cdc2 activation and apoptosis by ErbB2. P34Cdc2 remains inactive
without binding to cyclin B as it is phosphorylated on Thr14 by Myt1 and Tyr15 by Wee1. Activation of
p34Cdc2 occurs by accumulation and binding of cyclin B, dephosphorylation of Thr14 and Tyr15 by
Cdc25C, and phosphorylation of Thr161 by Cdk7/cyclin H. The ErbB2 tyrosine kinase inhibits p34Cdc2

activity by directly phosphorylating Cdc2 on Tyr15, which requires ErbB2 kinase activity. On the other
hand, ErbB2 can upregulate p21Cip1, which inhibits p34Cdc2 activities independent of the ErbB2 kinase
activity. Since paclitaxel (Taxol)-induced apoptosis requires the activation of p34Cdc2, overexpression of
ErbB2 can confer resistance to paclitaxel-induced apoptosis by inhibiting p34Cdc2 activation through at least
two mechanisms, direct phosphorylation of Cdc2-Tyr15 and upregulation of p21Cip1. (Figure reprinted
from the article by Tan et al, Molecular Cell 9:993-1004, ©2002 Elsevier, with permission).
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silence erbB2 mRNA by using double-stranded RNA oligonucleotides.88-90 One study showed
that ovarian cancer cells and breast cancer cells infected with a retrovirus expressing anti-ErbB2
siRNA exhibited effective downregulation of ErbB2 expression and slower proliferation, in-
creased apoptosis, increased G0/G1 arrest, and decreased tumor growth in mouse models.89 On
the basis of these results, ErbB2-targeting siRNA may have great potential in overcoming
ErbB2-mediated chemoresistance in ErbB2-overexpressing breast cancer cells. Additionally,
attempts are being made to modulate existing chemotherapeutic agents so that they can over-
come resistance.91 These combined efforts held great potential to improve the therapies for
patients with ErbB2-overexpressing breast tumors.

Future Investigation
Understanding the role of ErbB2 in chemoresistance is important and has significant clinical

relevance. Although many studies have been done during the last decade, our current knowledge
on the role of ErbB2 in cancer chemosensitivity is still limited. To develop more effective
treatment for patients with ErbB2-overexpressing breast cancers, scientists and physicians need
to team up to pursue the following and other related issues.

Well Designed and Performed Laboratory and Clinical Studies
Current data from our studies and those of others indicate that ErbB2 renders breast cancers

resistant to DNA-damaging agents such as cisplatin60 and to the microtubule-stabilizing agents

Table 1. Possible ways to overcome ErbB2-mediated chemoresistance

ErbB2-Targetng Agents ErbB2-Targeting Mechanism Chemosensitization Efficacy

Anti-ErbB2 antibodies
    Trastuzumab (Herceptin) Binds to the extracellular domain Demonstrated in animal

of ErbB2 and downregulates the and in Phase II and Phase III
cell membrane ErbB2, block clinical trials
ErbB2 initiated cell signaling

    Pertuzumab (Omnitarg) Prevent HER2 homodimer or Phase Ib studies are planned
heterodimer formation and with pertuzumab in
inhibits ErbB2 downstream combination with docetaxel
signaling pathways in breast cancer

Adenovirus type 5 E1A Transcriptionally repress Tested in Phase I clinical
erbB2 gene expression trial

Tyrosine kinase inhibitors Inhibits the tyrosine kinase Tested in laboratory studies
activity of ErbB2 receptor
tyrosine kinase

Retinoic acid Downregulation of erbB2 Tested in laboratory studies
mRNA and protein expression

ErbB2 antisense Block erbB2 transcription Tested in laboratory studies
oligonucleotides

Small anti-ErbB2 Binds to the extracellular domain Tested in laboratory studies
peptide mimic of ErbB2 and downregulates the

cell membrane ErbB2, block
ErbB2 initiated cell signaling

SiRNA Block ErbB2 transcription To be tested
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taxenes.39,41 To better understand the role of ErbB2 in chemosensitivity, we must determine
whether ErbB2 overexpression also renders breast cancers resistant to other chemotherapeutic
agents frequently used for treating such cancers. This should be investigated (1) in carefully
designed laboratory studies that use ErbB2-overexpressing breast cancer cell lines that express
ErbB2 at levels similar to those detected in primary breast tumors and compare between cell
lines having similar genetic backgrounds, and (2) in well-controlled and -defined large-scale
clinical trials that can adequately assess the impact of the various factors important for the
chemoresponse of tumors.

Other Possible Mechanisms for ErbB2-Mediated Chemoresistance
Many mechanisms of drug resistance in various tumor cells are well established, including

enhanced drug metabolism, reduced drug accumulation, drug target amplification, and repair
of damaged targets and apoptosis resistance.61 Our data indicate that in breast cancer cells,
ErbB2 can block paclitaxel-induced apoptosis by upregulating p21cip1 and by directly
phosphorylating the inhibitory tyrosine on p34Cdc2. Both mechanisms lead to the inhibition
of p34Cdc2 kinase, which is required for paclitaxel-induced apoptosis. It has also been reported
that chemotherapeutic agents-induced apoptosis depends on a balance between cell-cycle check-
points and DNA-repair mechanisms. In addition, downstream signaling of the ErbB2 receptor
tyrosine kinase, e.g., Akt activation, also plays a critical role in ErbB2-mediated chemoresis-
tance.46 However, the downstream signal-transduction cascades by which ErbB2 affects
chemosensitivity still require more investigation. Most ErbB2-overexpressing breast cancers
also express other ErbB receptors, which can form heterodimers with ErbB2. An intercon-
nected network of ErbB signaling pathways may be activated by the overexpression of ErbB2,
and that determines tumor cell response to chemotherapeutic stress. It is, therefore, important
to perform in-depth investigations into the role of ErbB2 receptor signaling in the regulation
of stress-responsive genes. A better understanding of other possible mechanisms underlying
ErbB2-mediated chemoresistance is also critical to the development of better alternative
therapeutic strategies to overcome intrinsic chemoresistance.

Tailoring Therapeutic Strategies to Individual Patients
One of the important aspects of future research efforts on ErbB2-mediated chemoresis-

tance is to identify other unknown genetic alterations that interact with ErbB2 and contribute
to ErbB2-mediated chemoresistance. ErbB2-mediated chemoresistance is a very complicated
problem, as it may be specific to tumor, cell, chemotherapeutic agent, regimen, timing, popu-
lation, or patient age.57 With today’s powerful genomic, proteomic, kinomic, and tissue
microarray technologies, it has become feasible to identify factors that interact with ErbB2 and
contribute to ErbB2-mediated chemoresistance from tumors of individual patient. This
information can then be used to develop therapeutic strategies that are tailored for individual
patient and are based on the ErbB2 biology and any identified relevant factors. These individually
tailored therapeutic strategies will greatly maximize the therapeutic benefit for individual breast
cancer patients.

New Approaches for Overcoming ErbB2-Mediated Chemoresistance
We have discussed several promising strategies for overcoming ErbB2-mediate

chemoresistance (Table 1). New and more effective strategies are still in demand and can be
developed. Recently, nanotechnology has emerged as a promising strategy for drug delivery.
Nanotechnology-based delivery systems can be used to achieve cellular or tissue targeted drug
delivery, to improve drug bioavailability, to sustain drug effect in target tissue, to solubilize
drugs for intravascular delivery, and to improve the stability of therapeutic agents.92 With
nanotechnology-based delivery systems, chemotherapeutic agents such as paclitaxel, doxorubicin,
and 5-fluorouracil, have been shown to achieve improved efficacy to inhibit tumor growth in
vitro and in vivo.93,94 In addition, nanotechnology-based system has been shown to potentially
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improve the antitumor efficacy of ErbB2-targeting agents, such as trastuzumab.95 It is
foreseeable that by using these new techniques, which will produce highly efficient chemothera-
peutic agents and ErbB2-targeting strategies, we may conquer ErbB2-mediated chemoresistance
more effectively.
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