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Abstract
The photothermal therapy is a method of cell ablation using the heat converted from the incident light by photothermal

transducers. It offers a selective treatment to desired abnormal cells, in particular, tumor tissues. Among various photothermal
agents, gold nanoparticles (Au NPs) have received enormous attention due to their unique physicochemical property over last
two decades. In this review, we address research strategies and methods to improve treatment efficacy by organizing recent
research works. We mainly focus on research works to enhance light-to-heat conversion via optimizing the morphology of
Au NPs and related assemblies as well as the strategies to deliver Au NPs efficiently to specific targets. We also introduce
convergence research efforts to combine Au NP-mediated photothermal treatment and other functions such as diagnostic capa-
bilities and other therapeutic methods.
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Figure 1. Schematic diagram of photothermal therapy using gold nanoparticles. An inset represents the NIR window for ir vivo treatment because

of minimal light absomption by hemoglobin and water{22]. (AuNPs : gold nanoparticles, NIR : near infrared, Hb : hemoglobin, SPR :

plasmon resonance) Reprinted with permission from ref.[22].
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Table 1. Synthesis Methods of Anisotropic Gold Nanoparticles for Photothermal Therapy

Form of nanoparticle Fabrication method Structural directing material Ref.
Incorporation in polymer PLGA/lipid-PEG [39]

Aggregation of Self-assembly Cellulose acetate membrane [37]
AuNSs Self-assembly BSA, Doxorubicin [38]
Light-triggered crosslinking Diazirine modified AuNSs [40]

Gold nanostar Seed-mediated growth AgNO; [57]
Dendritic nanoparticle Seed-mediated growth Long chain primary amines [58]
Gold nanorod Seed-mediated growth CTAB, NaOL [48]
Seed-mediated growth PSS functionalized graphene oxide [59]

* AuNSs : gold nanospheres, PLGA : poly(lacticacid-co-glycolacid), PEG : poly(ethylen glycol), BSA : bovine serum albumin, PVP : poly(vinylpyrrolidone), CTAB : cetyl-

trimethylammonium bromide, NaOL : sodium oleate, PSS : polystyrene sulfonate
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Figure 2. The morphologies, TEM images and extinction spectra of representative gold nanoparticles for photothermal therapy. (a) Gold nanosphere
clusters[40], (b) gold nanorods[16], (c) gold nanoshells[50], (d) gold nanostars[53] and (e) gold nanocages[47]. Reprinted with permission from

refs.[40,16,50,53,47).
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Table 2. Summary of Targeting and Enhancement Materials to Deliver Au Nanoparticles to Targets

Targeting strategy Targeting or enhancement material

Target Ref.

RGD/NLS peptides

in vitro: Human oral squamous carcinoma (HSC-3) [30]

Anti-EGFR in vitro: Triple negative breast cancer (MDA-MB-231) [29]
Active targeting antibody in vivo: Mice models of triple negative breast cancer (MDA-MB-231-Luc)
in vitro: HER2-positive breast cancer (BT474 and SK-BR-3)
Trastuzumab in vivo: Mice model of breast cancer (BT474) [80]
. . . in vitro: Human cervical carcinoma (HeLa)
] ) Amine/carboxlic terminated PEG in vivo: Mice models of breast cancer (4T1) (73]
Passive targeting o ATLAL I
. in vitro: -fLuc ce
Triangular DNA-AUNR in vivo: Mice models of breast cancer (4T1-fLuc) [74]
Mesenchymal stem cell in vivo: Mice models of human fibrosarcoma (HT-1080) [75]
. . in vitro: Human gastric cancer (MGC803)
Usn;geh(iigévery S cell in vivo: Mice models of MGC803 (76l
iPS ce
in vitro: MGC803 (72]
in vivo: Mice models of MGC803
in vitro: Murine liver hepatocellular carcinoma (HepG2)
Direct injection Poly(F127) hydrogel in vivo: Mice models of hepatocellular carcinoma (77
Porous gelatin in vitro: Human cervical carcinoma (HeLa) [53]

* RGD : arginylglycylaspartic acid, NLS : nuclear localization signal, EGFR : epidermal growth factor receptor, HER2 : human epidermal growth factor receptor 2, PEG : poly

(ethylen glycol), iPS : induced pluripotent stem
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Reprinted with permission from refs.[57,76,95].
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