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In 2020:

2.2 million new cases

684 996 deaths

Incidence rate

Mortality rate

1 every 13 min [1]

What can be done??

Breast Cancer

- Low selectivity

- Severe adverse side effects
Nausea and vomit, alopecia, etc...

Novel therapeutic 
approaches

PTT

Surgery:
-Mastectomy
-Breast-conserving surgery

Chemotherapy

Targeted therapy and 
immunotherapy

Hormone therapy

Radiotherapy:
-External
-Brachytherapy

Treatment 
Options

Photothermal Therapy 

In situ injection of 
EGF-conjugated AuNPs

Near-infrared
laser irradiation

(λ = 811 nm)

Optical properties

Toxicity

Pharmacokinetics
and Clearance

AuNPs

Size

Shape Core 
structure

Surface 
modification

Table 1. AuNPs characterization. Size and PdI determined by DLS and Maximum
Absorbance Peak by UV-Vis spectroscopy.

AuNPs
Main Peak

(nm)
PdI

Maximum Absorbance 
Peak (nm)

Core 252.4 ± 9.3 0.73 ± 0.02 899 ± 1

HAOA-coated 334.4 ± 40.4* 0.64 ± 0.09 A broad band

EGF-conjugated 191.6 ± 17.3## 0.38 ± 0.02***, ## 823 ± 1
Size and PdI represented as Mean ± SD (n = 3), and maximum absorbance peak as the single value
detected by the equipment ± the equipment uncertainty. Statistical analysis: * p<0.05; ***
p<0.001 comparing with the Core AuNPs and ## p< 0.01 comparing with the HAOA-coated AuNPs. Figure 1. Morphological

characterization of Core
AuNPs (A and B) and EGF-
conjugated AuNPs (C) by
TEM. (B) shows with more
detail the spherical-like
shape of Core AuNPs. Scale
bars = 100 nm.

Table 2. Hemolysis (%) of Core AuNPs and EGF-conjugated AuNPs (Mean ± SD, n = 3). 

In vitro

Cell Line Main Characteristics

MCF-7 Human adenocarcinoma of the 
breast, ER+, PR+ and HER2-

MDA-MB-231 Human adenocarcinoma of the 
breast, ER-, PR- and HER2-

Triple-negative

Less treatments available
Harder to treat

Figure 2. Cell viability (%) of MCF-7 and MDA-MB-231 cells
treated with laser irradiation (5.6 ± 0.2 W/cm2, 3 min)
and/or EGF-conjugated AuNPs (incubated with 50 µM of
gold for 4 h). Results represented as Mean ± SD (n = 3).
Statistical analysis: ** p < 0.01; **** p < 0.0001 comparing with the
cells subjected to the laser irradiation and #### p < 0.0001 comparing
with the cells incubated with EGF-conjugated AuNPs alone.
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Figure 3. Photography of a
representative excised tumor
with visible hemorrhagic area
after treatment with EGF-
conjugated AuNPs and laser
irradiation (tumor grade I,
scale bar 0.5 cm).

Figure 4. Histological evaluation of Grade I mammary tumors in a
group without treatment (black columns) and in a group treated
with EGF-conjugated AuNPs and laser irradiation (grey columns).
Results represented as Mean ± SEM and statistically significant
differences are identified with * p < 0.05 and ** p < 0.01.

In vivo

Sprague-Dawley 
female rats 

Grade I
61 %Grade II

18 %

Grade III
21 %

✓AuNPs show suitable mean sizes and maximum absorbance peaks to be used for PTT when locally administered.

✓AuNPs show no toxicity either in breast cancer cell lines or red blood cells.

✓ Laser irradiation proved to be safe when applied alone.

✓Combining EGF-conjugated AuNPs with laser irradiation resulted in a reduction of 33% in MCF-7 cells viability.

✓ The animal model was successfully developed (all animals developed tumors) and proved to be a specific model for
breast cancer, once no other alterations were observed in other organs.

✓ In situ administration of EGF-conjugated AuNPs combined with laser irradiation resulted in tumor necrosis with
minimal or absent effects over surrounding healthy cells.

✓ This system revealed great potential to expand breast cancer treatment options. Nevertheless, further research is
required to assess if this strategy can be applied as an adjuvant technique to surgical intervention, improving, at least,
esthetic outcomes, or applied alone when other therapies are not viable, safe, or acceptable.
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Feel free to contact me 
through Linked In!

PTT – Photothermal therapy; AuNPs – Gold nanoparticles; EGF – Epidermal Growth Factor.

No morphological changes 
in non-target-organs!

AuNPs Synthesis and Characterization

AuNPs Concentration 
(mg/mL)

0.3 x 10-3 up to 3.5 x 10-1 0.7

Core AuNPs No hemolytic activity

EGF-conjugated AuNPs No hemolytic activity 2.0 ± 0.2

EGF-conjugated
AuNPs

HAOA-coated
AuNPs

Core 
AuNPs

HAOA

EGF


