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“Between 2006 and 2010 it is estimated that funding of 
nanotechnology research in Europe will reach over €3 billion, the 

largest proportion of which is centered on health research.”

Breast cancer is currently the most com-
monly diagnosed cancer in the UK. There 
are approximately 45,000 new cases each 
year, with one in nine women developing 
breast cancer at some point in their life 
[101,102]. Additionally, it is the second most 
common cause of cancer death in women, 
after lung cancer, with nearly 13,000 
deaths each year [103]. Mortality has for-
tunately decreased, with 80% of patients 
surviving 5 years. 

The incidence of breast cancer, how-
ever, continues to increase, even with the 
extra detection rate from screening taken 
into account [1]. Breast cancer detection 
involves self and clinical examination and 
radiography (including ultrasound, mam-
mography and MRI) followed by invasive 
biopsy for the histological confirmation of 
invasive disease.

“…nanomaterials allow unique 
interaction with biological 

systems at the molecular level…”

The majority of newly diagnosed 
cases are at early or locally advanced 
stages, which can be treated with breast-
conserving surgery or mastectomy with 
or without axillary sentinel node biopsy 
or clearance. This is in conjunction with 
chemotherapy, radiotherapy, endocrine 
or biological therapies depending on tis-
sue receptor status, lymph node-positive 
disease or higher risk of recurrence [1]. 
A signif icant number of women who 
have been previously treated with cura-
tive intent subsequently develop either a 
local recurrence or metastases and many 
become resistant to endocrine, biological 
and chemotherapies [104].

Over many years oncology has suffered 
limitations in imaging modalities that are 
static and not sensitive to earlier, more 
treatable stages of disease, and from radio-
therapy or chemotherapeutic agents that 
are not targeted sufficiently, cause systemic 
effects and have poor penetration at the 
intended treatment site.

Between 2006 and 2010 it is estimated 
that that funding of nanotechnology 
research in Europe will reach over €3 bil-
lion, the largest proportion of which is cen-
tered on health research [105]. Japan and the 
USA are channeling even larger funds into 
nanotechnology, as it offers exciting leaps 
forward in diagnostics and therapeutics, 
which tackle the current limitations in 
oncology. Those battling breast cancer have 
been some of the first to benefit from these 
advances, as nanotechnology progresses 
from the laboratory to the bedside.

What is nanotechnology?
Nanotechnology refers to the scientific 
field that deals with the creation, manipu-
lation and utilization of engineered man-
made functional particles in nanoscale 
dimension (1–1000 nm range in at least 
one dimension), and applies them at 
atomic or molecular levels [1–4].

Hence, nanomaterials allow unique 
interaction with biological systems at the 
molecular level, which has led to the devel-
opment of ‘nano-oncology’ applications in 
tumor biomarker detection and profiling, 
diagnostic imaging of tumors in vivo and 
delivering better targeted therapies [1–4].

Laboratory diagnostics
In breast cancers, the level of estrogen 
receptor expression correlates directly with 
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the benefit of endocrine treatments, and the presence of HER2 
(ERBB2) protein overexpression or gene amplification deter-
mines benefit from the monoclonal antibody, trastuzumab [1,2]. 
Immunohistochemistry used for their detection on tumor speci-
mens is limited by difficulty in quantitative analysis due to back-
ground ‘noise’, signal degradation and inability to detect different 
proteins simultaneously on the same specimen.

Quantum dots are semiconductor strongly fluorescent nano
particles that can be tuned to fluoresce under a light source of 
specific wavelength, between 450 and 850 nm (from UV to near 
infrared) [2–4]. The unique fluorescent emission peaks of differ-
ent quantum dots can be easily detected and quantified with 
spectrometry [2–5]. 

Thus, different quantum dots can be conjugated to different 
antibodies, each targeted to specific proteins. The spectra of mul-
tiple quantum dots targeted to different tissue proteins can then be 
simultaneously detected and quantified on one sample. They also 
have enhanced photostability, allowing the emission of fluorescent 
light over a length of time without a brisk decrease in emission, 
and the strength of their fluorescence means that low-level proteins 
can also be detected, thus increasing diagnostic sensitivity [2–6].

Yezhelyev and colleagues have developed an assay, using bio-
conjugated quantum dots, that allows simultaneous quantita-
tive detection of estrogen receptor, progesterone receptor and 
HER2 (ERBB2) in paraffin-embedded cultured breast cancer 
cell lines and paraffin-embedded human breast cancer clinical 
tissue sections [2,6,7]. Quantitative expression of the breast cancer 
biomarkers correlated with conventional immunohistochemical 
analysis and semi-quantitative western blotting [2,6,7]. 

Quantum dots have also been used to improve detection of recep-
tor gene expression, which may improve FISH [5,6]. DNA probes 
for HER2 labeled with quantum dots were incubated with breast 
cancer cells and detected HER2 even at low levels of expression, 
providing greater sensitivity than standard FISH [6,8].

Although quantum dot profiling of breast tumors has clear 
potential for providing enhanced sensitivity and specificity, the 
conjugation of antibody to nanoparticle in a 1:1 ratio is still in 
development, and the equipment used for spectroscopy detection 
is currently expensive, thus limiting its widespread use [2,6].

Imaging
Detection of sentinel lymph nodes is routine for staging breast 
cancers intraoperatively, as it allows selective axillary clearance, 
thus reducing postoperative morbidity. Currently, this involves 
the use of blue dye and injection of radioisotope. 

The nanodimensions of quantum dots means they don’t flow 
past the sentinel lymph node [9]. Their use has been demonstrated 
by injection of near-infrared quantum dots into the skin of a breast 
tumor-bearing animal, where lymphatic flow was followed to the 
sentinel lymph node and its location easily identified [2,9]. High-
intensity fluorescence, specific high-density tissue accumulation 
and decreased degradation means less background ‘noise’ and the 
ability to image brightly over longer time periods under one simple 
near infrared light source. Their addition to in vivo imaging could 
simplify and improve precision and safety in sentinel node biopsy.

Quantum dots conjugated to HER2 antibodies have recently 
been tracked in vivo after injection into live, breast tumor-bear-
ing mice. Data were collected on the dynamics of these targeted 
nanoparticles as they passed through blood vessels into tumor 
tissue [10]. However, use for human in vivo imaging has so far 
been limited by the toxic effects of the quantum dots’ heavy metal 
core [2,4,5], and research continues to refine their structure so that 
translation to human studies may begin.

“…the (nano-)liposome … takes advantage of the 
fenestrated tumor neovasculature, leading to 

enhanced extravasation and extended lodging of 
the liposome … within the tumor tissue.”

Supermagnetic nanoparticles (such as ultrasmall superparamag-
netic iron oxide [USPIO] nanoparticles) are of particular use to 
enhance MRI as they themselves generate a magnetic field, which 
affects the surrounding tissue, giving significant signal amplifi-
cation to the area on the scan [4,5,11,12]. They have been used in 
breast cancer rat models to highlight the leaky microvasculature 
of breast carcinomas (using the MRI data), which can corre-
late with tumor grade and differentiate them from benign breast 
lesions [13]. Additionally, luteinizing hormone-releasing hormone 
(LHRH) conjugated USPIOs have been shown to enhance MRI 
and microscopy of LHRH receptor-expressing breast cancers (and 
their lung metastases) in mouse models [12]. These supermagnetic 
nanoparticles have also been conjugated with antibodies against 
HER2, which potentially enables simultaneous imaging and 
therapy of breast cancer [2,11,14].

As with quantum dots, further research into how these contrast 
agents may behave at a cellular level in humans is needed prior 
to their clinical use.

Drug delivery
First-line chemotherapy for metastatic breast cancer consists of 
an anthracycline in conjunction with one or two other agents. 
Traditional systemic anthracycline preparations can have 
poor target tissue penetration and significant cardiotoxic side 
effects requiring regular monitoring of cardiac function [1,13]. 
Nanoparticle anthracycline preparations have been developed 
to address these issues and are now licenced for use in the USA 
and Europe [1,2].

One of the simplest forms of nanoparticle is the (nano-)
liposome, which, due to its size, takes advantage of the fenes-
trated tumor neovasculature, leading to enhanced extravasation 
and extended lodging of the liposome (and the therapeutic 
agent which it carries) within the tumor tissue. This is a 
tumor-targeting mechanism known as enhanced permeation 
and retention (EPR) [1,14,15]. By adding polyethylene glycol 
to the vector, clearance from the system is prolonged [4,13–15]. 
Liposomal doxorubicin and pegylated liposomal doxorubicin 
have been compared with conventional (systemic) doxorubicin 
in first-line treatment of patients with metastatic breast cancer. 
These randomized trials have shown that although liposomal 
doxorubicin has similar efficacy in time to disease progression, 
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those taking the modified preparation had significantly fewer 
cardiotoxic and neutropenic effects [2,4,13,16]. Liposomal doxo-
rubicin (in combination with cyclophosphamide) is approved 
for the treatment of metastatic breast cancer in Europe, but is 
not currently recommended by National Institute for Clinical 
Excellence (NICE) [15,16].

In the UK, after anthracycline therapy has been offered, taxanes 
are the next step in chemotherapy for advanced breast cancer 
that has not responded and is HER2 negative (or HER2-positive 
disease unresponsive to trastuzumab) [101] . Paclitaxel is a widely 
used taxane whose synthetic delivery vehicle causes significant 
toxic effects. In preclinical trials nanoparticle albumin-bound  
paclitaxel (a nanoparticle with a core containing paclitaxel sur-
rounded by albumin) demonstrated an improved side-effect 
profile and higher tumor penetration with improved disease 
response [2,4,13,16]. Nanoparticle albumin-bound paclitaxel has 
been licenced for use in the USA and UK but is not currently 
recommended by NICE [2,13,15,16]. Similar use of nanoparticles 
to deliver tamoxifen therapy in breast cancer mouse models has 
shown that polymer-bound tamoxifen has significantly increased 
tumor penetration [2].

“The National Cancer Institute has recognized the 
importance of nanotechnology in the future of 

breast and other cancers and delivered large grants 
to further achievements in this field.”

In conjunction with the aforementioned nanoparticle imaging 
technology, doxorubicin-loaded, quantum dot-labeled liposomes 
conjugated with anti-HER2 antibody have shown successful 
delivery to HER2-expressing cells in vitro with efficient anticancer 
activity in comparison with controls [17]. This theoretically paves 
the way in multifunctional nanoparticles for diagnostic breast 
cancer imaging that simultaneously delivers chemotherapeutic, 
targeted endocrine or biological agents, and provides dynamic 
data on their effects in real time. 

Gene therapy
Although still very much in its early stages nanotechnology has 
been applied to breast cancer gene therapy research. Nanoparticles 
loaded with wild-type p53 DNA have greater antiproliferative 
activity on breast cancer cell lines than wild-type p53 DNA alone 
[18], and transfection of tumor cells with siRNA that inhibits 

breast cancer cell growth and downregulates HER2 (ERBB2) 
has greater stability and higher tumor uptake in mouse models 
when delivered attached to nanoparticles [19].

Thermal ablation
Nanoshells consist of a silica core surrounded by a thin gold shell. 
Surface thickness is specifically tuned to be activated by near 
infrared irradiation and the particle then emits thermal energy 
causing local tissue ablation [2,13,15]. When conjugated to a spe-
cific targeting antibody, the nanoshells should accumulate in the 
desired target tissue to localize ablation of cancer cells. This has 
been applied in animal models to demonstrate targeted ther-
moablation of breast cancer cells using anti-HER2 conjugated 
nanoshells [2,16,20]. Nanotubes (tube structure with walls one car-
bon molecule thick) have shown similar thermoablative effect 
when conjugated to IGF1R and HER2 antibodies and applied 
to in vitro breast cancer cell lines [21].

Conclusion
As evidenced earlier, there is great potential application for nano-
technology in oncology. Diagnosis and therapy for breast cancer is 
one of many malignancies now seeing the benefits of this applica-
tion in the clinic. The National Cancer Institute has recognized 
the importance of nanotechnology in the future of breast and 
other cancers and delivered large grants to further achievements 
in this field [106].

Ultimately, it is hoped that the current separate strands of 
research will provide the greatest gains by combinations of 
the strategies described, so that one may specifically identify a 
patient’s unique tumor profile in great detail (using nanotechnol-
ogy to detect hundreds of thousands of biomarkers simultane-
ously) and tailor a nanoparticle for that patient that will provide 
highly specific and sensitive in vivo imaging, while also delivering 
chemotherapeutic agents whose effectiveness can then be followed 
over weeks in real time.
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