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Many randomised controlled trials over three
decades have shown improved survival
outcomes for patients with oestrogen

receptor positive breast cancer when treated with
hormonal therapies and breast cancer was arguably
the first solid tumour type for which patients were
offered systemic healthcare tailored to their tumour
type. Extending from this early seminal work are
studies in which epidermal growth factor receptor 2
levels (EGFR2/ErbB-2/ HER2/Neu) were correlated
with aggressive breast cancer biology, this has led to
the development of biological therapies
(trastuzumab, Herceptin) aimed at targeting HER2
positive breast cancer cells.
Patient responsiveness to trastuzumab has been

recognised [1,2] in both the adjuvant [3] and neoad-
juvant setting [4]. However, intrinsic / acquired resis-
tance to trastuzumab treatment remains a clinical
issue and identifying the underlying biology associ-
ated with such resistance has been the focus of
considerable research activity [5].

Human epidermal growth factor receptor 2
(HER2)
The gene for human epidermal growth factor receptor
2 (EGFR2/HER2/neu) located on chromosome 17q21,
codes for a 185 kDa receptor tyrosine kinase, a glyco-
protein member of the EGFR/HER family. This group
of proteins play key roles in cell communication and
signal transduction, via external growth factors, ulti-
mately leading to DNA synthesis and cell prolifera-
tion via phosphorylation and dephosphorylation of
the EGFR transmembrane proteins and intracellular
signaling intermediates possessing enzymatic activity
[2]. The main pathways involved in EGFR signal
transduction include the Ras/MAPK, PI3K/Akt and
the Janus kinase/signal transducer and activator of
transcription pathway, which collectively influence
cell proliferation, motility, survival and adhesion
capabilities. Approaches aimed at concurrently
targeting HER2, with trastuzumab, and tyrosine
kinase inhibition, with lapatinib/neratinib/afatinib,
have been the focus of recent clinical studies [6,4].

Receptor dimerisation
For receptor activation to take place both ligand,
receptor and dimerisation partner are required [3].
The HER2 protein is the preferred partner for ligand-
mediated heterodimerisation with the other three
members of the EGFR family: HER1, HER3 and
HER4, whilst the preferred partner for HER2 is HER3.
The dimerisation loop in one of the extracellular
domains of HER2 is continuously exposed, poten-
tially accounting for the preferential dimerisation of
HER2 with other members of the EGFR family [7],
another possible mechanism is that HER2 structure
itself may hinder ligand dissociation and receptor
endocytosis [7], resulting in phosphorylation of the
intracellular tyrosine kinase domain, which in turn

uses signal transduction through some of the path-
ways described above, again resulting in cell prolifer-
ation [8]. Work is on-going aimed at elucidating the
role of receptor dimerisation on HER2, and clinical
studies have focused on the utility of pertuzumab as
a means of perturbing HER2 and HER3 dimerisation.
Molecular variations accorded by single nucleotide

polymorphisms (SNPs) may render patients non
responsive to trastuzumab treatment. So far studies
have been undertaken using very small numbers of
samples, but these have shown SNPs in the RNA
binding protein tristetraprolin [9] and polymor-
phisms in the Fc� receptor protein correlating with
responsiveness to trastuzumab treatment [10].

Post-translational modification of proteins
in cancer 
Most proteins are modified in post translational
events; the commonest of which are glycosylation
and phosphorylation. Post translational modifications
alter protein function, for example, glycans attached
in glycosylation reactions participate in molecular
trafficking, protein clearance, receptor activation, cell
adhesion, endocytosis and signal transduction [11].
Whilst many studies have been concerned with HER2
protein-protein interactions fewer have considered
the potential effect of cancer-associated alterations in
the glycosylation on either HER2 or its dimerisation
partners. 

Possible roles for glycans in HER2 resistant
breast cancer
HER2 has seven putative sites for N-linked glycans
and one putative site for O-linked glycosylation. The
suppression of N-glycan glycosylation in small cell
lung carcinoma (SCLC) has been shown to alter the
cellular localisation of EGFR and enhances sensitisa-
tion of SCLC to erlotinib [12]. Induction of glycosyla-
tion changes in A549 cells altered sensitivity to gefi-
tinib and changed the cancer cell phenotype [13].
Inhibiting N-linked glycosylation affected the levels
of EGFR proteins and tyrosine kinase signalling and
protein dimerisation. A further consideration as a
potential mechanism for trastuzumab resistance in
breast cancer is “epitope masking”. This has been
studied by evaluating the glycans on proteins found
adjacent to HER2: MUC-1 and MUC-4 [14]. These
proteins are heavily glycosylated with O-linked
glycans and a hallmark of tumourigenesis is aberrant
O-linked glycosylation [11]. It has been proposed that
such glycan structures may protect tumour cells from
immune surveillance by “masking” HER2 rendering
it inaccessible to trastuzumab. 
In our laboratory we are evaluating whether

cancer-associated changes in glycosylation affect
trastuzumab binding to HER2 in breast cancer.
Immunofluorescence with confocal microscopy and
carbohydrate binding proteins (lectins) allows visual-
isation of the effect of glycosylation on trastuzumab
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A – Trastuzumab-FITC B – HPA-TRITC C – overlay

Figure 1: SKBR3 breast cancer cells stained with trastuzumab-FITC and with a carbohydrate binding protein (HPA-TRITC) showing colocalisation of glycans with
HER2.  Panel [A] significant cell membrane binding of trastuzumab-FITC to HER2, green; [B] localised binding of HPA-TRITC to O-linked glycans, red; [C] overlay
showing extracellular membrane co-localisation of trastuzumab-FITC with HPA-TRITC, areas of co-localisation are shown in yellow.

binding to the cancer cell surface (figure 1). Experiments with
biosensors in which cancer cells are grown on the sensor chip
surface allows the effect of de-glycosylation to be studied in
the context of the kinetics of trastuzumab binding to HER2
[15]. The hypothesis that altered glycosylation of HER2 might
reveal glycan structures that could interfere with the binding
of trastuzumab by sterically hindering the interaction between
the drug and its target, affecting the pharmacodynamic prop-
erties of the interaction is being pursued in our approaches. 
As glycans and lectins contribute significantly to all the

stages of the metastatic process, it is important to appreciate
that aberrations in glycosylation of cancer cell surface
proteins contribute to the cancer cell behaviour and may
well be relevant to patient responsiveness to treatment,
particularly to those therapies that aim to target cell surface
glycoproteins. ■
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