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which is specifically cleaved by the protease. Studies conducted in 
tumor-bearing mice showed that after injection of the functionalized 
gold nanoparticles, the over-expressed protease in tumor tissue and 
intracellular glutathione conducted to a fast release of DOX from the 
functionalized gold nanoparticles, leading to enhanced efficacy on 
tumor growth inhibition and fluorescent imaging simultaneously.

Saho et al. [18] introduced the concept of synergy of photothermally-
activated physical and biological effects in nanoparticle-drug conjugates 
for theranostic objectives. The authors utilized tumor necrosis factor-
alpha coated gold nanospheres (Au-TNF) heated by laser pulses. In 
vivo studies demonstrated higher therapeutic efficacy in mice, over 
action of laser at wavelength of 690 nm with Au–TNF conjugates. In 
addition, according to the authors, the photothermal activation of low 
toxicity Au-TNF conjugates, which are in phase II trials in humans, 
with a laser approved for medical applications, opens new possibilities 
for the development of platforms for clinically relevant nanodrugs with 
synergistic antitumor theranostic action.

A multifunctional pH-sensitive polymeric nanoparticle system for 
simultaneous tumor magnetic resonance imaging (MRI) and therapy 
was developed by Liu et al. [19]. The nanoparticles were self-assembled 
using the multi-block polymer poly(lactic acid)-poly(ethylene glycol)-
poly(L-lysine)-diethylenetriamine penta acetic acid and the pH-
sensitive material poly(L-histidine)-poly(ethylene glycol)-biotin. The 
anti-hepatocellular carcinoma (HCC) drug sorafenib was incorporated 
inside the nanoparticles. Gd-DTPA complexes were distributed on the 
nanoparticle surface and vascular endothelial growth factor receptor 
(VEGFR) antibodies were linked to the surface biotin groups of 
nanoparticles to form the target pH-sensitive theranostic nanoparticles 
(TPTN). In in vivo anti-tumor studies, TPTN showed significantly 
higher antitumor effect in H22 tumor (VEGFR overexpressed cell line) 
bearing mice compared to free sorafenib and a positive contrast agent, 
with higher resolution and longer imaging time (more than 90 min) 
in the MRI diagnosis of tumor-bearing mice compared to Magnevist®, 
indicated that TPTN was a promising theranostic carrier which could 
be a platform for the development of novel multifunctional theranostic 
agents. 

In conclusion, it is clear that nanotheranostic probes possess 
several advantages when compared with other traditional single 
approaches. These new nanoplatforms may be used as diagnostic 
probes and therapeutic agents, resulting in an exquisite strategy to treat 
and monitor the stage of the disease using a single particle. Although 
much remains to be done to effectively detect the real gains brought 
by theranostic nanoparticles, such as issues regarding nanotoxicity, we 
strongly believe that those particles will have great impact in the field 
of nanomedicine.
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