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Abstract

It is well known that cancer has become a major problem in the field of human
health. The clinical study find that early diagnosis and treatment are useful methods to
control and treat tumor. It has become a hot topic in these research to achieve early
diagnosis of tumors as well as improve the therapeutic effect. Nanomedicine, the
application of nanotechnology in medicine, promotes development of liposomes,
nanoparticles, micelles and other drug-loaded nanoparticles. Above all, these materials
in nanomedicine as effective theranostic agents can be used for diagnosis and therapy
of various diseases. An ideal nanomaterial will provide: (1) early visualization of
tumors or other disease sites, (2) effective delivery of drugs into the site of interest, (3)
distribution of the theranostic agent in vivo, and (4) optimized therapeutic strategy to
reduce adverse side effects. Therefore, excellent nanomaterials play an important role
in diagnosis and treatment fields.

In the second chapter, we developed a multifunctional nanocomposite by loading
copper sulfide (CuS) into Cy5.5-conjugated hyaluronic acid nanoparticles (HANP),
forming an activatable Cy5.5-HANP/CuS (HANPC) nanocomposite. CuS with strong
NIR absorbance became an excellent contrast agent for photoacoustic (PAI) imaging
and photothermal therapy (PTT). In this system, Cy5.5 fluorescent signal was quenched
by CuS inside the particle. when the whole nanocomposite was degraded by
hyaluronidase, strong fluorescence signals were monitored in the tumor site. After
intravenous administration of HANPC into SCC7 tumor-bearing mice, high
fluorescence and PA signals were observed in the tumor site. In addition, tumors were
then irradiated with a laser, and then an outstanding tumor inhibition rate was observed.

In order to further improve the light conversion efficiency and tumor ablation effect
of nanomaterials. In the third chapter, we developed a fluorescent/PAI guided PTT agent
by seeding Gold (Au) nanoparticles onto graphene oxide (GO). Near infrared dye
labeled- matrix metalloproteinase-14 (MMP-14) substrate (CP) was conjugated onto
the GO/Au complex (GA), forming activable tumor theranostic probe (CPGA).
Quenched CPGA could be degraded by MMP-14, recovering fluorescence signal. We
also fund that the photothermal effect of hybrid GA was found significantly elevated
compared with Au or GO alone. After the travenous administration of CPGA, high

fluorescence and PA signals were measured in the tumor area over time, which peaked

I



at the 6 h time point. an excellent tumor inhibition was then observed without
recurrence.

In summary, this paper described two activatable nanomaterials for theranostic
integration. Our research encourage the biomedical application of these multifunctional

nanocomposites, especially in the diagnosis and treatment of cancer.

Keywords: Hyaluronic Acid Nanoparticles; Graphene; Gold Nanoparticles;

Photothermal Therapy; Fluorescence Imaging; Photoacoustic Imaging.
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Figure 1.2 Hyaluronic acid nanoparticle of hypothetical cellular uptake pathways and
subcellular drug release behaviors.
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