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ARTICLE INFO ABSTRACT

Keywords: Background: The improvement of gene therapy provides hope for the treatment of cancer. However, malignant
shGBAS ) tumor is a multifactorial disease, which remains difficult to be cured with a single therapy. Our previous study
O}r:_’l squamous cell carcinoma reported that mitochondrial genes glioblastoma-amplified sequence (GBAS) plays a role in the development and
Chitosan . treatment of oral squamous cell carcinoma (OSCC). The current study focused on building a mitochondrial-
Photodynamic therapy . . . .

Mitochondria targeting drug co-delivery system for combined photodynamic therapy (PDT) and gene therapy.

Methods: 5-aminolevulinic acid (ALA) photosensitizer loaded chitosan (CS) nanoparticles were prepared using
ionic crosslinking method, and further synthesized with the GBAS gene plasmid DNA (shGBAS) by electrostatic
attraction. We detected the effects of PDT using the co-delivery system (CS-ALA-shGBAS) on cell proliferation
and mitochondrial injury by MTT and reactive oxygen species (ROS) assays, respectively. Additionally, a oral
cancer Xenograft model of nude mice was built to test its inhibitive effect on the cancerous growth in vivo.
Results: A novel nanocomposite, CS-ALA-shGBAS, was found to be spherical structures and had good dispersion,
stability and hypotoxicity. Gel retardation assay showed that CS-ALA nanoparticle could synthesize shGBAS at
and above Nanoparticle/Plasmid ratios of 1/2. Excitingly, the co-delivery system was suitable for transfected
cells and displayed a superior mitochondrially targeted killing effect on OSCC in vitro and in vivo.

Conclusion: Our study provides evidence that the chitosan-based co-delivery system of ALA-induced protopor-
phyrin IX (PpIX) photosensitizer and GBAS gene may be a novel mode of combined therapy for OSCC.

1. Introduction

Oral cancer is one of the most frequent malignancies in the head and
neck region, with squamous cell carcinoma being by far the most com-
mon pathology type, accounting for 90 % [1]. Despite two decades of
advances in cancer therapy, it is less treatable with existing remedies
because of multi-factorial risk factors. Based on the data of Chinese
National Cancer Center, the overall mortality rate of oral cancer is as
high as 1.26/100,000 in the world’s most populous nation [2]. Multi-
disciplinary therapy regimen has become the principal part in the
treatment of the medium and advanced oral squamous cell carcinoma
(OSCQ), including operation, radio-chemical therapy, biotherapy and
others. In addition to therapeutic effect benefits, researchers have been

trying to seek the minimally invasive topical treatment option and lead
better quality of life in advanced OSCC patients [3,4].

Photodynamic therapy (PDT) is a relatively new and developing
modality for the treatment of oral cancer and precancer [5]. Light,
photosensitizer, and oxygen are the three elements of photodynamic
effect. Numerous studies have revealed that PDT not only has direct
inhibition function on tumor cells but also induce specific antitumor
immune response. Our previous studies found that 5-aminolevulinic
acid-mediated PDT (ALA-PDT) can eliminate the oral percancerous le-
sions and diminish the normal tissue damage under the local anesthesia
[6,7]. A recent review found evidence that PDT is effective for oral
cancers as either a primary or alternative intervention [8]. PDT can
generate large amounts of oxygen-rich molecules of the type known as
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Fig. 1. Schematic illustration of the co-delivery chitosan nanoparticles of ALA
and shGBAS for improving PDT in cancer cells.

reactive oxygen species (ROS) in cancer cells, in turn affecting the bio-
logical behaviour of tumor.

ALA is one of the most widely used photosensitizers in oncologic
therapeutic areas, whose fast development has greatly raised the level of
clinical diagnosis and treatment. ALA is the naturally occurring pre-
cursor of protoporphyrin IX (PpIX), indirectly lead to photosensitization
when irradiated with a specific wavelengths of light [9]. The subcellular
localization of photosensitizers may be the most important influence
factor of PDT. Broadly speaking, ALA-PDT can not only suppress the
inner mitochondrial membrane enzymes production, but also decrease
the mitochondrial membrane potential [10,11]. Our previous research
also demonstrated that ALA-PDT could induce mitochondrial photoox-
idative stress, leading to obvious changes in expression of MMPs, and
inhibiting the growth of oral cancer cells [7]. However, the PDT resis-
tance remains a main barrier to the long-term maintenance of its effect
on oral cancer cells [12]. This fact designates the further direction of
PDT regimens for OSCC treatment, mainly those in which mitochondria
targeting drugs may improve the anti-tumor effect of PDT.

Mitochondria-targeted complex may be an potential direction
bearing on enhancing PDT effects [13]. However, there is still a lack of
specific biomarkers and effective therapeutic targets of OSCC. In a
recent study, we found a novel malignancy determinant, GBAS that
function as a mitochondrion-targeted factor to determine malignant
potential in the development of OSCC [14]. When CAL-27 and Tca-8113
cells receiving GBAS short hairpin RNA (shRNA) transfection, the ca-
pacities of proliferation, apoptosis, cell cycle and tumorigenesis were
significantly regulated and the expression of the proteins related to p53
signalling pathway was notably changed. Additionally, poor outcomes
were associated with the high expression of GBAS in all patients with
OSCC. As a mitochondrial matrix protein, GBAS is thought to be
involved in the process of oxidative phosphorylation and associated with
OXPHOS-disorders [15,16]. Norwegian scientists also observed that
both GABS and the protein of the same family send a "eat me" mitophagy
signal from the surface of the damaged mitochondria. In this study, HeLa
cells are unable to clear their damaged mitochondria through mitophagy
when there is a depletion of the proteins. Double knockout of both
NIPSNAP1 and NIPSNAP2 can inhibit PRKN/Parkin-mediated mitoph-
agy [17]. Furthermore, HeLa cells transfected with siRNA against GBAS
can reduce the cellular ATP level [18]. Therefore, the protein plays
important roles in cellular energy metabolism.
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Gene/drug dual delivery system has developed rapidly in recent
years Based on ionic crosslinking and electrostatic adsorption, chitosan
(CS) nanocomposite has been widely served as a multifaceted non-viral
delivery vector for biomacromolecules and shRNA [19]. To confirm
whether the novel mitochondria-targeted gene can enhance the tumor
suppression efficacy of ALA-PDT, in this study, we prepared CS nano-
particles (NPs) with the combined co-delivery of ALA photosensitizer
and shGBAS plasmid (p)DNA (Fig. 1) to identify anti-cancer effects for
OSCC in vitro and in vivo. In addition, the vector not only displayed
robust gene knockdown efficiency in OSCC cells, but also showed low
negligible cytotoxicity in normal oral mucosa cells.

2. Material and methods
2.1. Materials

CS (degree of deacetylation, 90 %; M,, = 50 kDa) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). The pLenti-U6-GFP-P2A-Puro-
shGBAS that targeted the GBAS mRNA sequence (TTCGTAAGGCAA-
GAAGTGAC) were purchased from Vigene Biosciences (Jinan, China).
ALA was a kind gift from Fudan-Zhangjiang Bio-Pharmaceutical Co., Ltd
(Shanghai, China). Tripolyphosphatesodium (TPP), acetic acid, Fluo-
rescein isothiocyanate (FITC), and the other chemicals also were ob-
tained from Sigma-Aldrich (St. Louis, MO, USA). Both Dulbecco’s
modified Eagle’s medium (DMEM) and fetal bovine serum (FBS) were
sourced from Gibco (Invitrogen, Carlsbad, CA, USA).

2.2. Cell lines and culture

Oral squamous carcinoma cell lines that included WSU-HN6 and
CAL-27 cells and oral mucous fibroblasts (OMF) cells were obtained
from American Type Culture Collection (ATCC, USA). Human embry-
onic kidney derived 293 T were purchased from the Cell Resource
Center, Shanghai Institute for Biological Sciences, Chinese Academy of
Science (Shanghai, China). Both cells were maintained at 37 °C, 5% CO4
in DMEM containing 10 % FBS. Media were supplemented with 1%
antibiotics.

2.3. Synthesis of CS-ALA-shGBAS NPs

CS and CS-ALA NPs were formulated by ionic crosslinking as
described in the previous study [20]. Briefly, CS was added to in 1%
(v/v) acetic acid, and stirred overnight at room temperature. After
filtering to remove the unbound chemicals, CS solution was obtained at
concentrations of 3 mg/mL. The NPs were prepared by the dropwise
addition of TPP solution (5 mg/mL), and stabilized by CS and TPP in a
mass ratio of 6:1. The reaction mixture were then collected by centri-
fugation (12,000 rpm, 40 min). Under the above conditions, the CS-ALA
NPs were also cross-linked by glutaraldehyde (CS:ALA:glutaraldehyde =
7:3:1). Subsequently, the negatively charged shGBAS pDNA and posi-
tively charged CS-ALA was mixed through an electrostatic interaction in
HEPES buffer medium with a mass ratio of 1:10—1:1, respectively. The
mass ratios of CS-ALA and shGBAS pDNA were 1: 10,1:5,1: 2and 1: 1,
respectively. The NPs thus formed were kept at 4 °C.

2.4. Gel retardation assay

The binding of shGBAS pDNA/CS-ALA NPs were analyzed by agarose
gel electrophoresis. In brief, samples were prepared by incubating CS-
ALA NPs with shGBAS pDNA at a constant voltage of 100 V for 1 h in
HEPES buffer (pH 7.4). Complexes were subjected to the agarose gel
(The mass ratios of CS-ALA and shGBAS pDNA were 1: 10, 1: 5, 1: 2 and
1: 1), six bands were obtained, including simple use of CS-ALA NPs and
PDNA.
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Fig. 2. Physicochemical property of various CS NPs. (A) Particle size distribution histograms of CS, CS-ALA and CS-ALA-shGBAS NPs obtained by DLS data. (B) TEM
images of CS-ALA-shGBAS NPs. (C) FT-IR spectra of CS, CS-ALA and CS-ALA-shGBAS NPs.

2.5. Characterization of nanoparticles

Initially, we characterized the particle size, zeta potential and
polydispersity index (PDI) of NPs by dynamic light scattering (Nicomp
380 ZLS submicron particle sizer, Preferred Systems Solutions, Inc.,
Santa Barbara, CA, USA), and the NPs morphology and size were
determined by a transmission electron microscope (TEM; FEI Company,
Hillsboro, OR, USA) at 25 °C. The methods for characterization were
described in detail elsewhere [21].

NPs were lyophilized and the dried samples were compressed into
the pelletizings on potassium bromide. Then the structures and
composing of prepared samples were analyzed by Fourier transform
infrared spectroscopy (FT-IR). The above experiments were done in
triplicate.

2.6. Mitochondrial membrane potential detections

We measured the mitochondrial transmembrane potential in WSU-
HN6 and CAL-27 cells after treatment with CS-ALA-shGBAS NPs-medi-
ated PDT using JC-1 (5,5,6,6'-tetrachloro-1,1,3,3'-tetraethylbenzimi-
dazolylcarbocyanine iodide) assay kit (Solarbio, Beijing, China). The
prepared cells were observed using a fluorescence microscope and
detected by flow cytometry. JC-1 can enter into mitochondria and
change color reversibly from orange to green as the membrane potential
increases. Then, the red-to-green fluorescence intensity ratio was
measured. According to the instructions, the decrease in the ratio of red/
green fluorescent intensity can indicate mitochondrial depolarization.

2.7. Transcription-polymerase chain reaction (RT-PCR) analysis

Total RNA was isolated from cells by using the TRIzol Reagent (Pufei,
Cat. No. 3101-100, Shanghai, China) according to the manufacturer’s
protocol. Reaction mixture containing total RNA was reverse transcribed
to cDNA using M-MLV Reverse Transcriptase (Promega, Cat. No. M1705,
Madison, WI, USA). The data was calculated by 2744Ct method. Two
groups of cells were used to compare: control group and CS-ALA-shGBAS
group (n = 3).

2.8. PDT experiments

WSU-HN6 and CAL-27 cells were seeded on a 96-well plate at 5 x 10%
cells per cm?, and incubated in vitro with ALA or NPs. After 4 h, cells

were irradiated with a He-Ne ion laser (635 nm, 18 mW/cm?, LH-600
Leiyi Laser Technology Co., Ltd., Tianjin, China). The light energy
densities of laser were 10 J/cm? and 108 J/cm? in vitro and in vivo,
respectively. A power density of 0.2 W/cm? were used in vitro and in
vivo.The proper irradiation time was calculated by the formulation 1 [7].

Light energy density(J/cm2)

T
ime(s) = Power density(W /cm2)

(€8]

2.9. Cytotoxicity and cell viability assays

Cytotoxicity was measured using an 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyl tetrazolium bromide (MTT) kit (Genview Cat. No. JT343,
Beijing, China), according to the following formulation 2.

OD(sample)

Relative growth rate(RGR) = OD (control)

x 100% 2)

Briefly, cells were planted into 96-well plates and incubated at 37 °C.
After treatment completion in the experimental and control groups, 20
pL MTT solution at a concentration of 5 mg/mL was added to each well
and incubated for 4 h. After removing the supernate, 10 pL of dimethyl
sulfoxide (DMSO) was added to each well. The absorbance was detected
at 490/570 nm using an automatic microplate reader (BioTek, ELX808,
USA).

2.10. ROS detections

ROS formation of CS-ALA-shGBAS NPs-mediated PDT was evaluated
as the instructions of ROS detection kit. Each NPs solution was mixed
with 10 pM 2,7-dichlorofluorescein diacetate (DCFH3-DA) solution and
incubated for 30 min at 37 °C. The cells were detected by a microplate
reader (excitation wavelength at 488 nm and emission wavelength at
525 nm).

2.11. Animal experiments

An experimental xenograft model of OSCC was established in athy-
mic nude mice (Vital River Laboratory Animal Technology Co., Ltd,
Beijing, China). The animal experiments were approved by the Institu-
tional Animal Care and Use Committee of the Peking University Health
Science Center (LA2018-70). All mice received humane care according
to the university’s ethical guide lines. WSU-HN6 cells were
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Fig. 3. Complex test of CS-ALA NPs with shGBAS plasmid DNA. (A) Complex formation test using agarose gel electrophoresis. 1: only plasmid DNA, 2-5: weight ratio
of NPs/pDNA: 1:10, 1:5, 1:2, 1:1, 6: only NPs (B) Zeta potential assay of CS-ALA-shGBAS NPs with various mass ratios.

subcutaneously inoculated in 50 pL of PBS into the right axilla of six-
week old female nude mice under general anesthesia. About two
weeks later, the tumor volume reached 100 mm®. Mice were randomly
divided into four groups (n = 5): PBS control group, ALA-NPs-mediated
PDT group, shGBAS-NPs group and CS-ALA-shGBAS NPs-mediated PDT
group. For local administration, 3 mg/mL ALA, shGBAS or CS-ALA-
shGBAS was treated once every week with intratumoral injections in
the above experimental group. And 4 h later, mice were irradiated with
He-Ne ion laser at 108 J/cm? for PDT treatment in the ALA-NPs-
mediated PDT and CS-ALA-shGBAS NPs-mediated PDT groups. Gross
tumor volume of all nude mice were measured using Vernier caliper
(every 3 days). On day 20, the animals were euthanized, and the tumor
growth curves were drawn. Gross tumor volume (cm®) = 3.14/6 x length
x width [2].

2.12. Statistical analyses

All data were expressed as the mean =+ standard deviation (SD) of
three independent experiments. All statistical analyses were performed
using SPSS 17.0 Software (SPSS, Chicago, IL, USA). Statistical differ-
ences between two groups were assessed by two-tailed Student’s t-test,
with p < 0.05 as the minimal level of significance.

3. Results and discussion
3.1. Preparation and characterization of NPs
Based on our results, the CS-ALA-shGBAS was successfully ionic

crosslinked by electrostatic interaction to form a nano-composite
structure. The diameters of various NPs were measured by dynamic

WSU-HN6

light scattering (DLS). The average particle diameter of CS NPs was
209.51 4 13.17 nm, whereas the diameters of CS-ALA NPs and CS-ALA-
shGBAS NPs were 230.20 + 22.01 and 254.3 + 9.42 nm, respectively
(Fig. 2A). In addition, TEM micrographs showed the morphology of CS-
ALA-shGBAS NPs were of approximate homogeneous spherical with a
lower PDI of 0.12 + 0.03 (Fig. 2B).

FT-IR spectra showed the characteristic absorption peak from CS, CS-
ALA and CS-ALA-shGBAS NPs, thus validating the success of the above
synthesis method. The C=0, C—O and N—H stretching frequencies
occur at 1652 and 1099 and 1454 cm ' for CS NPs. Previous data
indicated that ALA had unique vibrational features [22,23], The C=0 of
ALA was observed at 2113 cm™, while the C=0 (1643 cm™), C—O0 (825
em’™!) and N—H (1334 cm™) stretching vibration of CS appearanced in
the FT-IR spectra of CS-ALA NPs. After the synthesis and mixing of CS,
ALA and shGBAS pDNA, the new amide peak absorption of GBAS were
also generated. Moreover, vibrational bands representing the above
ingredients were all present in CS-ALA-shGBAS NPs (Fig. 2C). In short,
the favourable physicochemical properties indicated that our
CS-ALA-shGBAS NPs could potentially function as a co-delivery system.

3.2. Agarose gel retardation and zeta potential assay of CS-ALA-shGBAS
NPs

CS-ALA-shGBAS complex formation was determinated by agarose gel
electrophoresis. With the increasement of mass ratios, the electrostatic
charge of shGBAS pDNA was neutralized by CS-ALA NPs. As shown in
Fig. 3A, the complexes were no longer migrated from the cathode to the
anode in gel electrophoresis when mixed at 1: 2 or more in Nano-
particle/Plasmid (N/P) mass ratio, indicating binding between posi-
tively charged CS-ALA NPs and negatively charged shGBAS pDNA.
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Fig. 4. The morphology of OSCC cells, assessment of transfection efficiency of shGBAS and the expression of GBAS by RT-PCR. (A) Transfection efficiency was
detected using fluorescence microscopy at x100 magnification to observe cells expressing green fluorescent protein. (B) The mRNA expression of GBAS by the RT-PCR

in WSU-HN6 and CAL-27 cells (*p < 0.05 and **p < 0.01).
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Fig. 5. Cell viability of WSU-HNG cells (A) and CAL-27 cells (B) treated with various CS NPs (*p < 0.05 and **p < 0.01). In all the above experiments, the data were

performed independently in triplicate and presented as the mean + SD.

The DLS technique was also applied to assess the zeta potential of
various NPs. At pH 7.4, the zeta potential was equal to 22.57 + 0.81 mV
for CS NPs and 19.43 + 0.32 mV for CS-ALA NPs (data not shown). Aside
from its use in drug delivery, CS and CS derivatives possess a series of
characteristics that show promise as the non-viral gene delivery vector
[24]. Since the pDNA is negatively charged, they form complexes with
cationic polymers (Fig. 3B). Thus, shGBAS pDNA was adsorbed by
electrostatic forces on CS-ALA NPs with cationic nature.

3.3. GBAS gene transfection evaluation

Gene transfection studies by nanocomposites were of great meaning
for the new target of gene therapeutic applications. Thus, we evaluated
the influence of CS-ALA-shGBAS NPs on gene ex pression, which were
conducted using fluorescence microscopy. After a 72 h transfection, CS-
ALA-shGBAS NPs performed superior luciferase activity on OSCC cells
(Fig. 4A). Furthermore, the GBAS mRNA expression were measured by
RT-PCR analysis, and the expression level were significantly down-
regulated in CS-ALA-shGBAS group than that in the control group and
single shGBAS group (Fig. 4B). Additionally, the interference effect of
NPs on the expression of GBAS gene were differences between WSU-HN6
(p<0.05) and CAL-27 (p<0.01) cells.

3.4. Cytotoxicity study and cell viability assay

Cytotoxicity is the most important indicator for evaluating the safety
of non-viral vectors. Thus, we examined the cytotoxicity of CS-ALA-
shGBAS NPs at various concentration (5, 25, 50, 100, 250, 500 pg/
mL) range in normal oral mucosa fibroblasts cells. The results shown in
Fig. S1 demonstrated that CS-ALA-shGBAS NPs showed a consistent and
good viability at all concentrations tested. The fundamental reason for
hypotoxicity is the application of CS derived from the deacetylation of
chitin. Also, the method for synthesizing this co-delivery systems is
secure and stable. Furthermore, the biological properties of CS can
neutralize the surface charge of plasmids [25].

Next, we determined whether a combination of ALA with shGBAS
PDNA would generate a suppressive effect on OSCC in vitro. OSCC cell
lines were divided into four groups: free ALA-PDT group, GBAS silencing
NPs group, ALA-PDT NPs group and combination treatment group based
on CS-ALA-shGBAS NPs-mediated PDT. When using the MTT assay for
evaluation the combination therapy (80 pg/mL CS-ALA-shGBAS NPs)
showed the greatest inhibition effects in cell proliferation for OSCC cells.
The IC50 of CS-ALA-shGBAS NPs-mediated PDT treated WSU-HN6 and
CAL-27 cells were 15.43 and 11.15 pg/mL, respectively. The optimum
inhibition efficiencies for OSCC cells were both obtained in the combi-
nation treatment group at 80 pg/mL CS-ALA-shGBAS NPs, which the
viability of WSU-HN6 and CAL-27 was approximately 12.87 + 1.00 %
and 17.61 + 1.82 %, respectively. Moreover, the combination treatment
group exerts more significantly inhibitory effects than either GBAS
silencing or ALA-PDT on the growth of OSCC cells (Fig. 5A and B).

Consistent with the previous studies, CS could enhance the antitumor
activity of ALA-PDT and gene therapy with good biocompatibility, low
immunogenicity [26-28].

3.5. Assay for mitochondrial membrane potential

Mitochondrial membrane potential can reflect the cellular localiza-
tion of drug action, JC-1 assay was often used for measuring the change
of membrane potential and evaluating the functional status in cancer
cells [29,30]. Viewing the treated cells under a fluorescent microscope,
we were able to identify the degree of membrane potential via cationic
fluorescent probe JC-1. The healthy cells displayed higher membrane
potential (red fluorescent) as compared to cells intervened by
mitochondria-targeting therapy (green fluorescent) [31]. Besides of
ALA-PDT, shGBAS could also target mitochondria to trigger ROS
(Fig. 6A). [7,14] Compared with PDT and gene silencing alone, PDT
using CS-ALA-shGBAS NPs resulted in a significant lower red-to-green
fluorescence intensity ratio of WSU-HN6 and CAL-27 cells (Fig. 6B),
and results of flow cytometry were statistically analyzed and shown in
the bar graph (Fig. 6C). In this study, we showed that this nano-
composite may be a probable mitochondrial targeting anticancer agent.
In this study, we showed that this nanocomposite may be a probable
mitochondrial targeting anticancer agent.

3.6. Increase in mitochondrial ROS after treatment with CS-ALA-shGBAS
NPs-mediated PDT

ROS is an indicator of mitochondrial injury, while a greater increase
in ROS generation suggests more cancer cell death induced by oxidative
stress [32,33]. In Fig. 7, the remarkable increase in ROS levels was
demonstrated when WSU-HN6 and CAL-27 cells were treated by
CS-ALA-shGBAS NPs-mediated PDT (p < 0.01). Although either
ALA-PDT or shGBAS silencing also could lead to ROS generation (p <
0.05), ROS levels in them were not statistically different from each other
(p > 0.05). Similar to mitochondrial membrane potential, the results
demonstrated the important role of CS-ALA-shGBAS NPs-mediated PDT
in toxic cell killing, which was probably mediated via augmented ROS
production.

3.7. CS-ALA-shGBAS NPs suppresses tumour growth in vivo

To further determine whether CS-ALA-shGBAS NPs-mediated PDT
could contribute to suppress tumourigenesis in OSCC, a xenograft model
with WSU-HNG cells stably transfected was used in Balb/c nude mice. At
20 d post-grafting, the volumes of xenograft tumour in the combination
group were significantly lesser than those of other groups: control group,
GBAS-deficient group and ALA-PDT group (Fig. 8A and B). However,
Together, these results indicated that the combination group based on
CS-ALA-shGBAS NPs effectively reduced the growth of OSCC cells in
vivo.
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4. Conclusions

Mitochondrially targeted nanoparticles have great therapeutic and
biotechnological potential for treatment of cancer and other diseases.
Emerging research in mitochondria targeted compounds is focused on
inducing ROS accumulation and modulating antiproliferative pathways
in human cancer cells [34,35]. In general, the delivery of targeted gene
to mitochondria is the core of NPs for efficient gene therapy vehicles.
Previous studies revealed that GBAS could not only play an important
role in supporting cancer growth, but also increasing the susceptibility
of mitochondria targeted therapy [14,36]. Good anticancer activity of
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Fig. 6. Cellular uptake and localization of NPs in WSU-HNG6 cells
and CAL-27 cells. (A) The intracellular distribution of GBAS was
validated by the Human Protein Atlas (http://www.proteinatlas.
org/). (B) JC-1 dye-stained cell were identified the degree of
mitochondria membrane potential by a fluorescent microscope. (C)
Mitochondrial membrane potential was calculated as the ratio of
red/green fluorescence intensity via flow cytometry (*P < 0.05 vs.
Control group, #P < 0.05 vs. CS-ALA-shGBAS group).

shGBAS pDNA was observed through increased intracellular ROS gen-
eration and altered mitochondrial membrane potential (Fig. 6B, Fig. 7).

Another line of thought designs a co-delivery system that optimizes
traditional therapies use, such as chemotherapy and PDT [37,38].
ALA-PDT has been recognized as a new and minimally invasive treat-
ment for OSCC, because of generating mitochondrial ROS over-
production [39]. We demonstrated that ROS were elevated in both cells.
In this study, we found that ROS generation of both cells were elevated
in ALA-PDT group (Fig. 7). Moreover, compared with free ALA mediated
PDT, treating with PDT based on CS-ALA NPs showed more influence on
cell viability. Thus, we assumed that CS NPs increased the
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Fig. 8. Tumor growth inhibition in nude mice bearing WSU-HNG6 cells following treatment with different formulations. (A) After sacrifice, xenograft tumors in vivo
and excised tumors were measured. (B) Tumor volume was estimated by different preparations. Data are shown as the mean + SD (n = 5).

photosensitizer uptake of OSCC cells, and then validated the antitumor
action of a novel drug and gene co-delivery system in vitro and in vivo
(Fig. 5A and B, Fig. 8A and B).

In summary, the data of this study revealed a OSCC novel gene/drug
dual delivery system for the first time. While the current data are limited
and unable to support an in-depth hypothesis, they provide a direction
for future research. Future studies on the role of CS-ALA-shGBAS NPs in
PDT will facilitate the development of tumour-specific therapeutics
targeting mitochondria metabolism.
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