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Abstract: In breast cancer, HER2-targeted therapy with trastuzumab has gained clinically significant attention
in a subset of HER2 positive patients after results of from two National Cancer Institute-Cooperative Group
trials (NSABP B31 and NCCTG N9831) were reviewed. HER2 is a transmembrane oncoprotein encoded
by the HER2/neu gene and is over expressed in approximately 20 to 25% of invasive breast cancers. It can
be therapeutically targeted by trastuzumab (Herceptin), a humanized monoclonal antibody. Trastuzumab
therapy is important in the treatment of early, advanced and metastatic/ recurrent breast cancer. The
mechanisms of action and resistance to trastuzumab are complex and crucial for the development of new
therapeutic strategies therefore much effort has been spent in order to identify responders. This review
summaries the current knowledge on the preclinical era and clinical era evidence about the mechanism of
action of trastuzumab and mechanism of resistance and discusses their possible clinical implications.
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1. Introduction

cancer out all of these biomarkers is HER-2/neu or
cerbB2, that is a component of human epidermal
growth factor receptor family mapped on
chromosome 17q. In addition, HER- 2/neu protein
called p185HER-2/neu, as it shows substantial
homology with the epidermal growth factor receptor,
EGFR. The family of transmembrane receptors
includes four categories: HER1/EGFR, HER2,
HER3 and HER4. HER2 has been targeted to be not
only a prognostic factor, but also a predictor of
response to trastuzumab [3, 4]. Women with HER2overexpressing breast cancers have an increased risk
of recurrence and shortened disease-free and overall
survival rates compared to HER2 negative breast
malignancies. Trastuzumab is a humanized IgG1
kappa light chain recombinant mono-clonal antibody
targeting is indicated for patients whose tumor
demonstrates an amplified copy number for HER2
oncogene or over expressed the HER2 oncoproteins.
HER2 receptor structurally include three specific
domain; an extracellular domain (ECD) which is
composed of four domains. A single transmebrane
lipofilic region and a cytoplasmic tyrosine kinase-

Breast cancer is the leading malignancy and leading
cause of cancer-related deaths in women worldwide.
The incidence of female breast cancer in Iran is lower
compared to low-middle-income neighboring
countries. The average annual crude incidence of
primary female breast cancer was 22.6 (95%CI 22.123.1) per 100,000 females, with an age-standardized
rate 27.4 (95%CI 22.5-35.9). The mean age of the
women with breast cancer was 49.6 years (95%CI
49.5-49.6). It is estimated that approximately 1 in 8
(12%) women will suffer from the disease at some
point in their lifetime in US women. In the recent
years, knowledge about cancer biomarker has
increased. Biomarkers of breast cancer include broad
range of biochemical materials, such as nucleic acids,
proteins, sugars, lipids, and small metabolites,
cytogenetic and cytokinetic parameters. Her2/neu,
CA15.3, estrogen receptor (ER), progesterone
receptor (PR), and cytokeratins are biomarkers that
have been approved by the Food and Drug
Administration (FDA) for disease diagnosis,
prognosis, and management selection [1, 2]. The most
common biomarker used in the management of breast
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converting it back to PIP2. RAF-MEK-MAPK and
PAK-JNKK-JNK are two cascades of serine/
threonine kinases, which regulate the activity of
various transcription factors downstream. The
GTPases RAS and RAC activation of components
of this pathway result in elevated levels of p27Kip1
protein as cell cycle arrest. Interactions of other
signaling proteins with phosphotyrosine sites on the
EGFR dimer begin downstream signaling pathways,
which include the Ras/Raf/ERK kinase pathway, the
PI3K/AKT/mTOR (phosphatidylinositol 3- kinase)
pathway, resulting in changes in RNA transcription,
cell division, apoptosis, cell migration, adhesion, and
differentiation [10, 11].

2017

leading in decreased micro vessel density in vivo
and reduced endothelial cell migration in vitro [16].
Studies have demonstrated that trastuzumab inhibits
HER2 extra cellular domain (ECD) cleavage through
the proposed mechanism of steric hindrance in
preclinical studies; synergy with Herceptin enhanced
the effects of chemotherapy [17]. Molina et al showed
that trastuzumab could inhibit the shedding of the
extracellular domain of HER2 by blocking
metalloproteinase activity. Several clinical studies
demonstrate that a decline in serum HER2
extracellular domain during target therapy with
trastuzumab predicts tumor response and improves
progression-free survival, which indirectly supports
the hypothesis that trastuzumab may act by blocking
HER2 cleavage.

3. Mechanism action of trastuzumab
Trastuzumab is a recombinant humanized
monoclonal antibody directed against the
extracellular domain IV of HER2 and is approved
for the treatment HER2- positive breast cancer and
the other cancers via over expression HER2 in
combination mainly with chemotherapies such as
vinorelbine, paclitaxel or docetaxel etc. or as a single
agent. The studies suggest trastuzumab improved
overall survival in metastatic breast cancer from 20.3
to 25.1 months. In early stage breast cancer, it reduces
the risk of cancer recurrence after surgery by an
absolute risk of 9.5% [12, 13]. Trastuzumab have an
IgG1 subtype inducing antibody dependent cell
mediated cytotoxicity (ADCC), which is triggered
through the detection of fc portion of antibody by
Fcã receptor on immune effectors cells, in particular
natural killer cells (NK), resulting in cell lysis of
HER2- positive target cells bound to trastuzumab.

4. Mechanisms of Resistance to Trastuzumab
The common mechanisms of trastuzumab resistance
are: (1) blocking extra cellular domain HER2 that
binds to drug; (2) HER2 downstream signaling
pathways increased; (3) signaling through substitute
pathways; and (4) serious problems in beginning
immune mechanisms to destroy tumor cells of breast.
Subsequent use of trastuzumab, other HER2-targeted
agents developed for treatment of HER2 trastuzumab
resistant tumors including: Lapatinib, pertuzumab,
adotrastuzumab emtansine (also known as T-DM1).
The pan-HER TKI CI-1033; lapatinib: is a small
molecule dual TKI against EGFR; ErbB1; HER1 and
HER2; Pertuzumab is a recombinant humanized
monoclonal antibody that binds subdomain II of the
HER2 extracellular domain and thus inhibits HER2
homo or heterodimerization between EGFR/HER2
and HER2/HER3, also pertuzumab prevents
interaction between HER2 and IGF-Ir; CP-751871,
an antibody against IGF-IR; T-DM1, the IGF1R
kinase inhibitor NVP-AEW541; and other agents are
rapamycin inhibitors RAD001, CCI-779, and
AP23573 and a derivative of the antimitotic
combinations [18,19,20]. P95-HER2 is a cleaved form
of HER2 tyrosine kinase receptor can binds with
other ERBB2 family members and binding triggers

Human IgG1 Fc portion binds to FcRn receptors on
endothelial cells and on phagocyte cells, becomes
internalized and recycled back to the blood stream
to enhance its half-life within the body. Antibodydependent cell mediated cytotoxicity (ADCC) has
also been shown as a possible mechanism of action
of trastuzumab in patients [14, 15]. Trastuzumab has
also been shown to inhibit tumor angiogenesis,
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downstream signaling pathways. These extracellular
receptor domains of p95-HER2 without binding site
for trastuzumab therefore studies showed that these
receptors involved in the resistance to trastuzumab.
Recently, studies have demonstrated that rising
HER4 expression levels is associated with an
elevated sensitivity towards trastuzumab.
Trastuzumab resistance can be created by ligands
from epidermal growth factors. Comparing tumor
samples before and after of treatment with
trastuzumab showed that when expression of TGFá elevates resistance was increased. Expression of a
TGF-â mutant has been illustrated to activate
proteases (e.g., ADAM17), which discharges EGF
ligands so the elevated expression of EGF ligands
can result in Trastuzumab resistance. Other
Obstructions for trastuzumab binding to HER2 ECD
domain are Mucin 4 and CD44/hyaluronan polymer
complex. Mucin 4 (MUC4) is large, highly Oglycosylated membrane associated glycoprotein that
may interfere with trastuzumab binding to HER2
receptor also CD44 is a transmembrane receptor for
hyaluronan. CD44 and hyaluronan may block the
admission of trastuzumab to HER2 receptor by
covering its cognate epitope [9, 21]. Two other tyrosine
kinase receptors (distinct from the EGF receptors)
include the IGF receptor (IGF-1R) and the HGF
receptor (MET) which can influence trastuzumab
sensitivity by alternate pathway. IGF-1 receptor was
demonstrated to interact with HER2 in trastuzumabresistant cell lines, inducing its phosphorylation.
Breast cancer cell lines (SKBR3) with ectopic
expression of IGF-1R become insensitive to
trastuzumab, via a process result in degradation of
p27 (G1 arrest). IGF-IR-mediated resistance to
trastuzumab treatment seems to involve the PI3K
pathway, leading to enhanced degradation of p27.
P27 is downstream regulator of multiple converging
growth factor receptor pathways including EGFR,
HER2, and IGF-IR.
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samples. MET affected the sensitivity of the cells
towards trastuzumab. In addition, used the same
molecular mechanism as IGF-1R and prevented
trastuzumab mediated cell cycle arrest by causing a
degradation of p27 [13]. The HER2 downstream
pathway PI3K/Akt, is activated by phosphorylation
of the intracellular HER2 tyrosine kinase domain.
PI3K/Akt pathway regulates proliferation, migration,
apoptosis and angiogenesis and pro-motes
carcinogenesis when unopposed. PTEN is a tumor
suppressor that inhibits AKT and induce growth
arrest in PI3K–Akt signaling pathway therefore in
sensitive cells, trastuzumab causes a disruption of
the binding of Src to HER2, allowing PTEN to inhibit
AKT. Loss of PTEN function because of mutation,
deletion or promoter methylation is demonstrated in
up to 50% of breast cancers. Nagata et al suggested
role of decreased expression of the PTEN
phosphatase function in tumor cells [9,22,23]. Studies
also demonstrate that specific polymorphisms in the
IgG fragment C receptor or phenotype expression
of valine (V) or phenyl alanine (F) at amino acid
158 on the FcãRIIIa significantly influences affinity
of IgG1 to the Fcã receptor in natural killer cells.
Such results demonstrate that this receptor is
involved in trastuzumab mediated cytotoxicity.
FcãRIII 158V/F polymorphism interferes with the
ability to generate ADCC responses in vitro during
target therapy with trastuzumab and significantly
affect clinical outcome. Further studies required to
show whether this polymorphism should be
determined to identify responders [21].
5. Cardiotoxicity of trastuzumab
Trastuzumab cardiotoxicity creates by an
asymptomatic abate in left ventricular ejection
fraction (LVEF) and clinical heart failure is less
important, including failures without symptoms
(such as decreased heart function) and those with
symptoms. The risks of these heart failures were
highest in individuals who treated with both
trastuzumab and a certain type of chemotherapy
(anthracycline). Trastuzumab includes cardiac 2-7%
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Also has been found which MET be overexpressed
in both breast cancer cell lines and in human tumor
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