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Abstract
Melanoma is a fatal skin cancer. In this paper, we design a nanobiotechnological approach for the specific depletion of
tyrosine that is essential for melanoma growth. We combine two nanobiotechnological methods into a single therapeutic
agent in the form of Polylactide (PLA) nanocapsules containing a nanobiotechnological complex of polyhemoglobintyrosinase. Our results show that nanocapsules can enter into the melanoma cells to deplete tyrosine. This leads to
the inhibition of tumor growth, migration and colonization in a highly malignant melanoma cell line B16F10. We also
analyzed possible mechanisms of action including ROS generation, apoptosis induction and effect on cell cycle.
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Introduction
The incidence of melanoma, a fatal skin cancer, has increased
rapidly in the last few years. The American Cancer Society’s estimates
for melanoma in the United States for 2016 are 76,380 new cases of
melanomas and about 10,130 people are expected to die of melanoma
in 2016 [1]. Once metastasized only palliative therapies are available.
Immunotherapy, photodynamic therapy, chemotherapy and radiation
therapies with their adverse side effects cannot improve the survival
rates in advance melanoma [1-3]. Thus, there is an urgent need for new
therapeutic strategy.
Melanoma depends on tyrosine (Tyr) for growth [4]. Recent interest
in nanomedicine has resulted in the extension of artificial cells [5-7]
to prepare nano-dimension nanocapsules, nanoparticles and soluble
nanobiotechnological complexes [8,9]. For example, polyhemoglobintyrosinase can be prepared by the crosslinking of hemoglobin (Hb) and
tyrosinase into a soluble nanobiotechnological complex for testing in
melanoma mice [10]. However, this can only delay but not suppress the
growth of melanoma in mice model [10,11].
In this paper, we combine two nanobiotechnological technologies
into a single therapeutic agent. A soluble nanobiotechnological
complex is first formed by crosslinking haemoglobin and tyrosinase
into a soluble polyhemoglobin-tyrosinase complex. This is then
nanoencapsulated into biodegradable polylactiide (PLA) nanocapsules
to form nanocapsules containing polyhemoglobin-tyrosinase. We tested
this in a highly malignant melanoma cell line B16F10 on inhibition of
tumor growth, migration and colonization. We also analyzed possible
mechanisms of action like ROS generation, apoptosis induction and
effect on cell cycle.

Methods
Nanocapsules preparation and characterization
The first step was to prepare nanobiotechnological complexes of
PolyHb and PolyHb-Tyrosinase. The stroma-free Hb was diluted to
a concentration of 7g/dL with or without tyrosinase in PBS (pH7.4).
Lysine was added at a molar ratio of 7:1 lysine/Hb, followed by the
glutaraldehyde, a crosslinker, at a molar ratio of 16:1 glutaraldehyde/
Hb. After 24hours, lysine was added again to stop the reaction at a molar
ratio of 200:1 lysine/Hb. Dialysis membrane and sterile syringe filters
were applied to purify the polyHb and polyHb-tyrosinase samples. To
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prevent methemoglobin formation and to protect the enzymes activity,
the operations were performed at 4°C and under nitrogen.
Then, the next step was the PLA nanocapsulated polyHb-tyrosinase
preparation by nanoprecipitation and solvent evaporation methods.
PLA (25 mg) and hydrogenated soybean phosphatidylcholine (12.5 mg)
were dissolved in the organic phase (2 ml of acetone and 1 ml of ethanol
and 8 ul Tween 20). The organic phase was added dropwise into 5 ml of
polyHb or polyHb-tyrosinase solution at a rate of 3 ml/min and allow
the magnetic stirring for 1 hour [12]. The organic solvent was removed
by following evaporation and PLA nanoparticles were formulated in the
form of colloidal dispersion in aqueous phase. Tween 20 was used to
stabilize the nano formulation.) To prepare fluorescence labeled PLA
nanocapsules, additional coumarin-6 was added into the organic phase,
and following the same procedure as above.
The size and morphological of PLA nanocapsules were studied by
Transmission electron microscopy (TEM). Typically, 10uL samples
were dropped on carbon-coated copper grids and observed and
analysed by a JEOL JEM-2000FX microscope (Jeol Led., Tokyo, Japan)
and images were taken by a Gatan Wide Angle Multiscan CCD camera.
Zeta potential of the nanocapsules were analysed by dynamic light
scattering (DLS) using a Malvern Zetasizer Nano series 3000 (Malvern
Instruments, Worcestershire, UK).

Tyrosinase activity assay
Tyrosinase activity was analyzed by monitoring the production
rate of the enzymatic product L-dopaquinone at 300nm, as described
previously [13].

Tyrosine detection
Yeast enzyme phenylalanine ammonia-lyase (PAL) can converse
Tyr to trans-coumarate detectable at 315 nm [14]. [Tyr]= A315/α315 ( A
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was determined as final absorbance minus initial one after subtraction
of blank values; α315 is the slopes of the standard curves).

for FAK, Cyclin D1, Cyclin D3, and CDK2 were purchased from Cell
Signaling. Antibody for actin was from Santa Cruz Biotechnology.

Tumour cells and culture conditions

In vivo study

B16F10 murine melanoma cells (American Type Culture Collection,
ATCC®, #CRL-6475) were cultured in standard Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 10% fetal bovine serum
at 37°C and 5% CO2, humidified atmosphere.

Protocol approved by McGill University Animal Ethics committee.
Mix B16F10 murine melanoma cell suspension with different test
solutions as shown below. and inoculate subcutaneously into the lateral
flank of C57BL/6 mice. Measure the primary tumor size and body
weight every 2 days. The tumour volume was calculated as V= (A*B2)/2.
V: volume (mm3); A: the longest diameter (mm); B: the shortest
diameter (mm). At the endpoint, the tumor tissues were collected for
histological analysis.

MTT assay
B16F10 melanoma cell proliferation was tested by MTT assay. 200
uL of 5mg/mL MTT solution (prepared in DMEM medium without
serum) was added to the PLA nanocapsules treated-cells and incubated
at 37°C in a CO2 incubator for 4h. Dimethyl sulfoxide was then added
to dissolve the formazan crystals, after which the absorbance was
measured at 570nm using an ELISA plate reader.

Scratch assay for migration
5 × 105 cells/well were seeded overnight. Wound culture was made
by scraping cells with a sterile tip and maintained in 0.5% FBS medium
with nanocapsule treatment. Scratch areas were calculated [15].

Colony assays in soft agar
The methods were carried out as previously described with
some modification [16]. Briefly, 5 × 105 cells were treated with PLA
nanocapsules containing different concentrations of polyhemoglobintyrosinase for 24 hours and were collected. The base agar was prepared
by 1% agar and top agar by 0.7% agar containing the treated tumour
cells. The dishes were kept in incubator allow colonies growth for 3
weeks. The colonies were visualized by Crystal Violet staining.

Apoptosis detection by annexin V-FITC and PI staining
In order to evaluate apoptosis and necrosis, Annexin V-FITC/PI
(propidium iodide) dual staining was used. Cells were analyzed using a
FACSCalibur flow cytometer.

Cell cycle analysis using flow cytometry
Cell cycle analysis was carried out by staining the DNA with
PI following flow cytometric measurement on a FACSCalibur with
CellQuest software (BD Biosciences).

ROS generation detection by confocal microscope and
quantification by flow cytometry
The generation of ROS was tracked with fluorogenic probe,
CellROX oxidative stress reagent. This cell-permeable reagent can
exhibit strong fluorogenic signal upon oxidation that can be measured
by fluorescence microscope. For the ROS quantification, cells treated
with PLA nanocapsules were collected and incubated with CellROX
reagent at 37°C in dark. Samples were then analysed on FACSCalibur
(BD Bioscience, USA).

Cellular distribution of PLA nanocapsule by confocal
microscopy
To test cellular distribution, tumour cells were treated with
coumarin-6-labeled nanocapsules for short term and long term and
observed on a LSM 710 confocal microscope [17].

Western blot analysis
Antibody for integrin α4 was obtained from Millipore. Antibodies
J Res Development, an open access journal
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Melanoma specimen analysis
Malignant melanoma specimens were collected. Tissues sections
were stained with hematoxylin and eosin and the histological analysis
were analyzed with the help of an expert pathologist. The expression
profiles of Melan-A were analyzed by immunohistochemistry (IHC)
methods.

Data analysis
Statistical analysis was performed using the Student’s t-test or oneway ANOVA and for significant at P < 0.05 and P < 0.005.

Results
Synthesis and characterisation of PLA nanocapsules
encapsulating polyhemoglobin-tyrosinase
Nanocapsules encapsulating polyhemoglobin-tyrosinase (NcapPH-TYR) were synthesized via the technique combining of these two
nanotechnological methods into a single therapeutic agent (Figure
1A). Details of the method can be found in the method section. The
preparation involved two steps: (1) The use of glutaraldehye to covalently
crosslink hemoglobin and tyrosinase into a soluble nanobiotechnological
complex. This improves the stability of the enzyme tyrosinase. However,
being a soluble complex it cannot accumulate at the site of injection nor
enter the melanoma cells. (2) Thus the next step is to nanoencapsulate
this soluble complex into PLA nanocapsules. The PLA nanocapsules
can accumulate longer at the local injection site allowing them to enter
the melanoma cells to lower tyrosine both in in melanoma cells and in
the microenvironment (Figure 1B).
After synthesis, Transmission electron microscopy (TEM) was used
to analyze the nanocapsules’ characters and images demonstrated the
uniform spherical formation and the particle diameter range at 100 to
300 nm (Figure 1C). Zeta values were -4 to -10 mV (Figure 1D). The
smaller diameter nanocapsules can enter and act inside the melanoma
cells, while the larger ones can accumulate outside the melanoma cells.
This can decrease the tyrosine level both inside the melanoma cells and
also in the tumour microenvironment.

Penetration of nanocapsules into the melanoma cells and
effect on tyrosine level
We followed the penetration and distribution of PLA nanocapsules
into the melanoma cells by engineering fluorescence labelled
nanocapsules.
In the confocal imagining, the nanocapsules were stained by
coumarin-6 (green dye) and the nucleus of the melanoma cells
were stained with H33342 (blue dye). The result showed that the
nanocapsules were able to enter the cells within 1 hour after co-
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culturing with melanoma cells and remained inside the cytoplasm for
the 72h of observation (Figure 2A). This intracellular distribution is
also consistent with the previous published intracellular distribution of
PLA-TPGS nanoparticles [18].
The next question is to determine whether the PLA nanocapsules
containing polyHb-tyrosinase can remove and lower tyrosine level.
After treating melanoma cells for 24 h, the tyrosine level significantly
decreased to 1% compared to that in the untreated control (Figure
2B). The low tyrosine level can maintain at least 48 h. These results
implied that the enzymatic activity of tyrosinase was well protected by
the protection of PLA and nanoencapsulated polyHb-tyrosinase can
dramatically act to remove tyrosine.

In vitro effect on the proliferation, migration and colonization
of B16F10 melanoma cells
After the confirmed tyrosine deprivation induced by nanocapsules,
we subsequently researched on the therapeutic function on melanoma
growth and metastasis. MTT test was carried out to study tumour
growth. The results exhibited that Ncap-PH-TYR significantly
decreased the viability of melanoma cells in their proliferation phase at
24 hours, and the effect was enhanced and more than 80% tumour were
inhibited in growth at 48 h (Figure 3A). This growth inhibition effect
was in a time and dose dependent manner.
Scratch test is commonly performed to study the invasive migration
of tumour cells [15]. We therefore used this method to study the effect
of Ncap-PH-TYR. In the control group, B16F10 tumor cells migrated
into the scratch area and after 48 h the scratch area is decreased to 1/3 of
that at 0h time. Treatment with Ncap-PH-TYR impaired the migration
ability during the 48h observation as shown by the lack of decrease in
the scratched area (Figure 3B). It was enzyme activity dependent and
the higher enzymatic dose (Ncap-PH-TYR100) can obtain higher
prevention of migration of the tumor cells.

Next, colonization test was designed to assess the capability of
tumour growth after it has metastasized. We treated tumour cells with
different PLA nanocapsules and detected the colonization ability in
soft agar assay. The colonies were visualized by Crystal Violet staining.
Figure 3C and 3D showed that colony counts were significantly
decreased with increased tyrosinase enzyme activity. Especially in the
test group (Ncap-PH-TYR400), few visible colonies were formed after
3 weeks.

Possible mechanisms involved apoptosis induction, cell cycle
arrest and ROS generation
The observed suppression effect on tumour growth and metastasis
led us to explore potential mechanisms. Apoptosis analysis by flow
cytometry showed apoptosis of melanoma cells treated with the NcapPH-TYR (Figure 4A). The impact on cell cycle is another possible reason
attributed to the decreased cell viability. PI staining was applied on
melanoma cells after 24h and 48h of treatment with Ncap-PH-TYR. In
our experiment, Ncap-PH-TYR resulted in 25% of G0/G1 arresting in
melanoma cells (Figure 4B). It was dose and time dependent. Oxidative
stress is another potential cause of cell impairment. We analyzed this
mechanism by following the reactive oxygen species (ROS) level.
CellROX reagent was applied to track the short term (1h, 2h) and long
term (24h, 48h) ROS generation. ROS level increased in 1h and reached
its peak at 48 hours (Figure 4C and 4D). In addition, the quantitative
estimation of intracellular ROS generation was also further calculated.
In the presence of ROS, fluorescent intensity of cells stained with
dyes will increase, leading to a right shift of the emission maximum.
The results showed that ROS generation increased after nanocapsules
treatment for 24h and 48h when compared with the untreated control
(Figure 4E).
To further confirm these mechanisms involved, we explored

Figure 1: PLA nanocapsules containing a nanobiotechnological complex of polyhemoglobin-tyrosinase: preparative procedure and physical characteristics.
(a)Nanocapsules were formed by a functional nanocapsule core (polyhemoglobin-tyrosinase) and exterior PLA shell via a novel combination of two
nanotechnological methods: (1) glutaraldehyde crosslinks hemoglobin and tyrosinase into a soluble nanobiotechnological complex of polyhemoglobintyrosinase. (2) The soluble polyhemoglobin-tyrosinase complex is nanoencapsulated into biodegradable polylactide (PLA) nanocapsules.
(b) The PLA nanocapsules can modify tumor microenvironment by converting tyrosine into L-dopa and lowering tyrosine level locally.
(c) TEM image of the PLA nanocapsules.
(d) Zeta value of PLA nanocapsules containing different doses of tyrosinase. Ncap-PH: PLA nanocapsules containing polyHb without tyrosinase ; NcapPH-TYR#: PLA nanocapsules containing polyHb and # units of tyrosinase.
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Figure 2: Penetration of PLA nanocapsules into to the cell cytoplasm and
the intracellular removal of tyrosine.
(a) Intracellular location and distribution of PLA nanocapsules observed
for 72h. PLA nanocapsules (green) were labelled with coumarin-6. Nuclei
(blue) were stained with H33342. The PLA nanocapsules mainly distribute
in the cytoplasm of B16F10 murine melanoma cells.
(b) Tyrosine levels at different time points. The tyrosine levels in the 0
time point were set as 100%. Ctr: control with saline; Ncap-PH-TYR200
(PLA nanocapsules containing polyHb and 200 units of tyrosinase) ;
Ncap-PH-TYR400 (PLA nanocapsules containing polyHb and 400 units
of tyrosinase). Results are mean+s.e.m., n= 3. Double asterisk indicates
P <0.005 compared to control (saline).

Figure 4: Effects on tumor apoptosis induction, growth inhibition and ROS
generation.
(a) Flow-cytometric analysis of PLA nanocapsules (Ncap-PH-TYR100)
mediated apoptosis in B16F10 cells. Annexin V-FITC and PI staining showed
apoptosis in the PLA nanocapsules (Ncap-PH-TYR100) treated group.
(b) Cell cycle detection on melanoma cells treated with PLA-nanocapsules
(Ncap-PH-TYR100). PI staining was applied for the cell cycle detection. The
results showed G0/G1 arresting on the nanocapsules (Ncap-PH-TYR50 and
Ncap-PH-TYR100) treated groups at M2: G0/G1 phase; M3: S phase; M4:
G2/M phase.
(c) Confocal fluorescence images of tumor cells incubated with Ncap-PHTYR100. Nuclei (blue) were stained with H33342 and the generated ROS
(orange) were stained by CellROX Orange.
(d) Quantitative analysis of the ROS generation. Significant at 48 hours at
p<0.005.
(e) Flow-cytometric analysis showing a gradual increase in ROS generation
when compared with control cells. Blue peaks are the control groups and the
red peaks are the treatment groups (Ncap or Ncap-PH-TYR50) at 24h and 48h

Figure 3: In vitro effects on the growth and metastasis of melanoma cells.
(a) Cell viability was detected by MTT at the time points of 24h and 48h. NcapPH-TYR lowered the viability of melanoma cells in their proliferation phase when
followed for 48h.
(b) Scratch assay to test the ability of tumour to migrate (metastasize) into
the cell free scratched area. A cell free zone was made by “scratching” with
a sterile tip. Following this the migration of cells into the cell free scratch zone
was followed over 48 hours. Unlike the control, Ncap-PH-TYR treated cells had
decreased ability to migrate into the cell free zone.
(c) Colonization test using soft agar assay. The soft agar was prepared with 1%
base agar and 0.7% top agar containing tumor cells. Crystal violet staining was
used for calculating visualized colonies.
(d) Quantitative analysis of colonization test. Results are mean+s.e.m., n= 3.
Double asterisk indicates P <0.005 compared to control.

the molecular changes. This includes the integrin receptors that are
required for cell adhesion and attachment to the extracellular matrix.
This attachment is needed for the survival, growth, and inhibition of cell
J Res Development, an open access journal
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apoptosis. FAK (focal adhesion kinase) is a major signaling mediator that
influences both integrin attachment and cell spreading. The integrins
are cell surface receptors for the components of extracellular matrix.
They will be activated during cell adhesion and spreading, and initiate
signaling pathways that control growth and invasion of tumor cells. In
our study, the expressions of FAK and α4 integrin were inhibited in the
B16F10 melanoma cells after treatment with Ncap-PH-TYR (Figure
5A). The present study indicated that Ncap-PH-TYR can inhibit B16F10
melanoma’s attachment and spreading via inhibition of specific integrin
expression and FAK expression. About the cell cycle of melanoma
cells, the cyclin D and their attendant CDKs are key regulators of G1
progression, which is an important checkpoint of cell cycle. Results
showed that the expression of cyclin D1, cyclin D3and CDK2 were also
downregulated (Figure 5B).

Preliminary results in a B16F10 melanoma mice model
We investigate the therapeutic effect in an in vivo B16F10
melanoma mice model. Preliminary result shows the following. In the
control group: 0.5 × 105 B16F10 melanoma tumor cells and 0.075 ml of
saline were mixed and injected into the lateral flank of C57BL/6 mice
subcutaneously. The tumor volume has reached the maximal allowable
volume of 4000 mm3 within 30 days. In the test group 0.5 × 105 B16F10
melanoma tumor cells and 0.075 ml PLA nanocapsuels were mixed
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Figure 5: Western blot analysis of the expression of relative molecular
proteins.
(a) Western blot analysis of the expression of FAK and integrin-α4 that are
involved in cell adhesion. The declined expression indicated impaired cell
adhesion ability.
(b) Western blot analysis of the expression of Cyclin D1, Cyclin D3 and CDK2,
the cell cycle relative molecules. Declined expressions are consistent with the
G0/G1 arresting.

and injected into the lateral flank of C57BL/6 mice subcutaneously.
The result shows that Ncap-PH-TYR800 is effective in inhibiting
tumor growth during the 30 days. What’s more, HE staining showed
that unlike the control group, there was no observable neoplastic cell
in the Ncap-PH-TYR800 group. Melan-A staining also verified the
inhibition effect of the Ncap-PH-TYR800 group. Injection of the NcapPH-TYR800 did not result in body weight changes when compared to
the control. In addition, there were no observable histological changes
in spleen, kidney, lung and liver.

Discussion
In this paper, we applied a novel combination of two
nanotechnological methods (1) The use of glutaraldehye to covalently
crosslink hemoglobin and tyrosinase into a soluble nanobiotechnological
complex. This improves the stability of the enzyme tyrosinase.
However, being a soluble complex it cannot accumulate at the site of
injection nor enter the melanoma cells. (2) Thus the next step is to
nanoencapsulate this soluble complex into PLA nanocapsules. The PLA
nanocapsules can stay longer at the local injection site allowing them
to enter the melanoma cells to lower tyrosine both in in melanoma
cells and in the tumour microenvironment. PLA polymer is one of
the most widely used polymers, and has been extensively used as the
matrix of nanocapsules for more than 20 years [19-25]. The FDA has
approved the use of PLA for a host of therapeutic devices owing to
their biodegradability, biocompatibility, and non-toxic [26]. Unlike
the traditional enzyme delivery methods that the prepared particles
encapsulate enzymes and complete the catalyst reaction by releasing the
enzymes, in our enzyme delivery system, the enzymes maintain inside
and the substrate and products can diffuse in and out. As such a design,
the problems of release profile optimization or the condition of drug
release can be avoid.
In initial studies, we fabricated and characterized the physical
properties of PLA-PH-TYR. Subsequently, we confirmed the
penetration of nanocapsules into the melanoma cells and confirmed the
tyrosine depletion effect. In vitro effect on the proliferation, migration
and colonization were investigated and the potential mechanisms were
also further studied.
The smaller diameter nanocapsules can enter and act inside the
melanoma cells, while the larger ones can accumulate outside the
melanoma cells. This can decrease the tyrosine level both inside the
melanoma cells and also in the tumor microenvironment.
J Res Development, an open access journal
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For the solid cancer melanoma, metastatic dissemination from a
primary lesion to a secondary site is believed to be the major lethal
reason [27-30]. This process involves the tumor cells proliferating at
the primary sites, migrate/invade the surround tissue then into blood
vessels, circulate in the bloodstream, adhere to vascular endothelial
cells, and exhibit invasion, proliferation, angiogenesis and metastatic
colonization at the secondary sites. Previous studies proved the
deprivation of Tyr/Phe can significantly decrease the metastatic
phenotype of B16BL6 melanoma cells in vivo and reduce the in
vitro invasion [31-33]. We therefore further assessed the impact of
Ncap-PH-TYR on the proliferation, migration and colonization of
B16F10 melanoma cells. Results suggested implied PLA nanocapsules
containing polyHb-tyrosinase have the potential to inhibit melanoma
metastasis in proliferation, migration and colonization [27-30].
In the possible mechanism research, we performed the detection on
tumor apoptosis, cell cycle and ROS generation.
The possible mechanism for the decreased cell viability could be
the tumor cells’ arrest in G0/G1 stage owing to Tyr/Phe depletion [34].
In our experiment, this mechanism was also confirmed and Ncap-PHTYR resulted in 25% of G0/G1 arresting in melanoma cells. Tyr/Phe
limited culture [34] is less effective than PLA nanocapsules containing
PolyHb-tyrosinase. We also tested the important cyclin D-CDKs which
control critical cell cycle during G1 phase and S phase. In the present
study, we found the treatment can inhibit the expression of Cyclin D1,
Cyclin D3 and CDK2.
Oxidative stress is another possible cause of cell impairment. In the
melanoma cells, oxidative stress stimulates cell apoptosis by activating
DNA damage-repair pathway and also opening mitochondrial pore
[35]. Breaking ROS tolerance of melanoma cells by either impairing
their antioxidant system or further elevating their intracellular ROS
level by new therapeutic might hold a future promise as an alternative
therapeutic approach. This has been applied in the CeO2 nanoparticles
that producing significant oxidative stress in tumor cells, resulting in a
decrease in cell viability and lowering of the invasive capacity of cancer
cells [36]. We also confirmed the ROS generation. When tyrosinase
acted on tyrosine the generated products of tyrosine metabolism,
such as dopa, 5,6–dihydroxyindole (DHI) and 5,6-dihydroxyindole-2carboxylic acid (DHICA) and others can produce ROS [37].
The results obtained also confirm earlier study that NP with
diameter <200 nm can effectively accumulate in solid tumours [27-30].
Further influencing parameters include structure, surface charge,
and molecular-flexibility [31]. The nanocapsules we fabricated are
between 100 to 300 nm, which could be expected to accumulate in the
tumour area with those <200 nm penetrate into tumour cells. These
have negative zeta values of -4 to -10 (mV). This is important because
nanoparticles with negative zeta potential can more easily penetrate
and accumulate in cancer cells [38].
In conclusion, we presented a novel nanocapsules containing
polyHb-tyrosinase. It represents a functional platform to encapsulate
enzymes. The successful intracellular delivery and effectively deletion
of tyrosine can suppress the growth and metastasis of a skin cancer,
murine B16F10 melanoma in-vitro. Preliminary results in a B16F10
melanoma mice model shows that this approach can suppress the
growth of melanoma. Further research may pave the way for another
potential new approach for the treatment of melanoma. This is important
because the incidence of melanoma, a fatal skin cancer, has increased
rapidly in the last few years. The American Cancer Society’s estimates
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for melanoma in the United States for 2016 are 76,380 new cases of
melanomas and about 10,130 people are expected to die of melanoma
in 2016. This is a deadly cancer because it tends to metastasize and
spread very widely. Once metastasized only palliative therapies like
immunotherapy, photodynamic therapy, chemotherapy and radiation
therapies with adverse side effects are available [1-3]. The availability of
a new and effective method of treatment is urgently needed.
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