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ABSTRACT

Objectives: The aim of this study was to develop a novel photosensitizer from traditional plant extracts and to
investigate the photodynamic therapy (PDT) effect and mechanism of action of the novel photosensitizer on KB
and Hep-2 cells.

Methods: Fluorescence emission, cell viability, and intracellular distribution of candidates were analyzed to
screen potential photosensitizers from traditional plant extracts. Cellular reactive oxygen species (ROS) quan-
tification, Annexin V-FITC/PI staining, and western blotting were performed to explore the mechanism of cell
death in KB and Hep-2 cells.

Result: Of 289 traditional plant extracts, 13 plant extracts with strong fluorescence were initially screened by
fluorescence emission analysis. The cell viability assay and intracellular distribution of candidates showed that
Acanthopanacis Cortex (AC) extract is a potential photosensitizer. Under optimal PDT conditions, high levels of
ROS were produced in KB and Hep-2 cells, followed by cell death. However, there was no significant damage to
HacCaT cells. Moreover, apoptosis induced by AC extract with 625nm irradiation (IR) down-regulated the ex-
pression of Bcl-2 protein and up-regulated the expression of Bax protein, as well as that of cleaved PARP-1
protein in both KB and Hep-2 cells.

Conclusion: The fluorescence intensity of AC extract at 420nm is similar to that of the commercial
Hematoporphyrin (HP). AC extract with 625 nm IR could enhance the PDT effect, induce ROS generation, and
trigger apoptotic pathways in KB and Hep-2 cells. Therefore, we suggest that AC is a potential novel photo-
sensitizer for PDT in head and neck squamous cell carcinoma.

1. Introduction

The treatment principle of PDT is that, when irradiated with light of
a particular wavelength, the photosensitizer undergoes a transition to

Head and neck squamous cell carcinoma (HNSCC) is the seventh
most common cancer in the world, accounting for 5% of global cancer
[1]. The cancerous tissue develops mainly in the mouth, nose, and
throat. Although the main treatments include surgery, radiation
therapy, chemotherapy, immunotherapy, or a combination of these
[2,3], photodynamic therapy (PDT) has become a clinically approved
and minimally invasive treatment, which is gradually becoming a
mainstream cancer treatment [4]. After PDT, the complete remission
rate of early laryngeal cancer and precancerous lesions was 77.6%
(249/321); the therapeutic effect of PDT on recurrent laryngeal pa-
pillomatosis has also been previously observed [5].
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react with endogenous oxygen to produce singlet oxygen and other free
radicals, resulting in rapid and selective destruction of the target tissue
[6]. Therefore, selection of the photosensitizer is a critical aspect of the
therapy. The ideal photosensitizer should be non-toxic and only show
local toxicity after activation by light [7]. Many kinds of photo-
sensitizers have been developed and commercially used, such as he-
matoporphyrin derivatives, chlorins, and phthalocyanines [8-10]. Al-
though they have been used for many years in clinical setting, the
limitations of these photosensitizers cannot be ignored. Studies have
shown that photofrin-related photosensitizers are excreted slowly after
entering the body and can sensitize the skin [11,12]. Hematoporphyrin
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monomethyl ether has low light absorbance and forms aggregates in
solution, which also hinders its clinical application [13]. Exploring
more efficient and safer photosensitizers is a new challenge; traditional
plants could be a potential source for such photosensitizers. The
number of novel chemicals obtained from natural products is generally
higher than that obtained synthetically, making natural ingredients a
useful resource for the development of new drugs [14]. Recently, some
traditional plants have been studied as photosensitizers. For example,
curcumin combined with nano-liposomes for PDT in HepG-2 tumor
model produced a good tumor regression effect [15]. Aloe emodin was
used as a photosensitizer to confirm its inhibitory effect on oral mucosal
carcinoma and human gastric cancer [16,17]. The activation of natural
photosensitizers with light of specific wavelength settings should be
considered in PDT. One study has shown that red and infrared radia-
tion, including red light wavelengths of 620-670 nm, can penetrate to
greater depths in the tissue [18]. In some reports, 625nm red light
effectively assists in the treatment of various cancers [19,20]. Based on
this, there may be potential photosensitizers that can be activated by
625 nm red light in traditional plants.

In this study, 13 of 289 traditional plant extracts tested showed
strong fluorescence intensities comparable to those of the commercial
photosensitizer HP. Acanthopanacis Cortex (AC) and Houttuyniae Herba
(HH) extracts significantly induced cell death under 625 nm IR treat-
ment. In particular, AC extract showed less cell toxicity in normal
keratinocyte HaCaT cells than HH extract under PDT conditions.
Therefore, we suggest that AC extract could be used as a potential
photosensitizer for further experiments in HNSCC therapy.

2. Materials and methods
2.1. Fluorescence emission analysis

We purchased 289 traditional plant extracts from the Korea Plant
Extract Bank (Ochang, Korea). Every plant extract was prepared in di-
methyl sulfoxide (DMSO; JUNSEI, Tokyo, Japan) at a concentration of
500 pg/ml. Hematoporphyrin (HP; Sigma-Aldrich, St. Louis, USA) was
also prepared in dimethyl sulfoxide (DMSO; Calbiochem, Burlington,
USA) at concentrations of 1-500 pug/ml. Fluorescence measurement was
performed with an FL X800 microplate fluorescence reader (BioTek
Instruments, Vermont, USA) using 500 pug/ml of the plant extracts and
HP (Excitation: 420/50 nm; Emission: 645/40 nm).

2.2. Cell culture

Human laryngeal epithelial cancer cells (KB and Hep-2 cells) were
purchased from the Korea Cell Line Bank (Seoul, South Korea). KB cells
of this line contain HeLa marker chromosomes and were derived via
HeLa contamination. Human keratinocyte HaCaT cells were obtained
from the Korea Institute of Oriental Medicine (Deajeon, South Korea).
HaCaT cells are a spontaneously immortalized, human keratinocyte line
that has been widely used for the studies of skin biology and differ-
entiation [21]. HaCaT cells were used as the normal cell in this study.
All cell lines were maintained in Dulbecco's modified eagle's medium
(DMEM; WELGENE, Gyeongsan, South Korea) containing 10% heat-
inactivated fetal bovine serum (FBS; JR Scientific, Woodland, USA), and
antibiotic antimycotic solution (AA; WELGENE) in a humidified atmo-
sphere of 5% CO, at 37 °C.

2.3. Irradiation conditions

A continuous-wavelength light-emitting diode (LED) with a wave-
length of 625 nm at a power density of 1 mW/cm? (3.6 J/cm?) was used
for PDT. There is a study that showed that aloe emodin combined with
3.2J/cm? of light energy can inhibit oral mucosal carcinoma [16].
Another study showed that 1 h of 625nm LED light source at 1 mW/
cm? can trigger a natural photosensitizer to induce ROS generation in
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Fadu cells [22]. As shown in supplementary data 1 (S1), the LED irra-
diation instrument (Department of Oral Pathology Chonnam National
University, Gwangju, South Korea) was constructed in a humidified
atmosphere of 5% CO, at 37 °C. Each experimental group was irra-
diated for 1 h.

2.4. Preparation of extract solutions

Plant extract solutions were prepared in DMSO (20 mg/ml). The
solutions were incubated overnight and then diluted in DMEM
(0-500 pg/ml).

2.5. Cell viability assay

The PDT effects of traditional plant extracts were investigated by
quantifying cell viability, with or without 625nm IR conditions. KB,
Hep-2, and HaCaT cells were seeded and cultured at a density of
1 x 10° /ml cell in 96-well plates. After 24 h, extracts were added to
each well at various concentrations for a range of time periods
(0-500 pg/ml for 0-12h). After treatment, the culture dish was irra-
diated with 625 nm IR for 1h. Then, the cells were cultured for 12 h.
For the cell viability assay, the cells were washed twice with phosphate-
buffered saline (PBS), and then 100 pl of 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT; Sigma-Aldrich) was added to
each well. After incubation for 3h at 37 °C, MTT solution was dis-
carded, 100 pl of DMSO was added to each well, and the plate was read
at a wavelength of 570 nm using a microplate reader (BIO-RAD, CA,
USA).

2.6. Determination of the intracellular distribution of AC extract

To investigate the intracellular distribution of AC extract, its fluor-
escence was visualized using a digital microscope (CELENA’S Digital
Imaging System, Anyang, South Korea). KB and Hep-2 cells were grown
on coverslips and incubated in DMEM containing 60 ug/ml AC extract
for the indicated time (0-12 h). After incubation, the cells were treated
with 4% formaldehyde fixative solution (T&I Co., Gwangju, Korea) for
5min and washed twice with PBS. Then, cells were examined after
incubation with 0.1 mg/ml 4’,6-diamidino-2-phenylindole dihy-
drochloride (DAPI; Sigma-Aldrich) in PBS at 30 °C for 15-30 min. Next,
cells were washed twice with PBS and mounted on the slides. Finally,
KB and Hep-2 cells were visualized using a digital microscope to ex-
amine DAPI (Excitation 375/28, Emission 460/50) and RFP (Excitation
530/40, Emission 605/55).

2.7. Detection of cellular reactive oxygen species (ROS)

To detect ROS levels, 2/,7’-dichlorodihydrofluorescein diacetate
(DCF-DA; Sigma-Aldrich) was used as a fluorescent probe. KB and Hep-
2 cells were grown on coverslips and incubated in DMEM containing
60 ug/ml AC extract for the indicated time (0-12h). After exposure to
625 nm IR for 1h, the cells were stained with 25 uM DCF-DA, washed
twice with PBS, and mounted on the slides. Finally, the cells were ex-
amined using a confocal microscope (Carl Zeiss, Oberkochen, Germany)
with 488 nm excitation and 530 nm emission filters.

2.8. Flow cytometry

The apoptotic rates of KB and Hep-2 cells were examined using the
Annexin V-FITC Apoptosis Detection Kit (Sigma-Aldrich), containing
Annexin V-FITC Conjugate (Annexin V-FITC) and propidium iodide (PI)
solution for analysis of apoptosis. Firstly, cells were divided into four
groups: control, 625 nm IR, AC group, and AC with 625 nm IR groups.
Each group of cells was then resuspended in 500 ul of 1 X binding
buffer at a concentration of 1 x 10° cells/ml in a plastic 12 x 75 mm
test tube. Next, 5pl of Annexin V-FITC Conjugate and 10pl of PI
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solution were added to each test tube and incubated at room tem-
perature for 10 min in the dark. Finally, cell apoptosis analysis was
performed by flow cytometry (Beckman-Coulter, Miami, USA).

2.9. Western blot analysis

The KB and Hep-2 cells were collected in lysis buffer, containing
150 mM NaCl, 50 mM Tris-HCI (pH 7.5), 1 mM EDTA, 1% NP-40, 1 mM
PMSF, and 1% protease inhibitor cocktail. Samples containing equal
amounts of protein were separated by 10% SDS-polyacrylamide gel and
transferred to a polyvinylidene difluoride (PVDF) membrane (Merck
KGaA, Darmstadt, Germany). The membrane was incubated with pri-
mary antibodies of proteins associated with apoptosis, including anti-
PARP-1 (1:1000), anti-GAPDH (1:1000), and anti-Bax (1:1000) (Cell
Signaling Technology, Danvers, USA) and anti-Bcl-2 (1:1000) (Santa
Cruz Biotechnology, Dallas, USA). Anti-rabbit IgG (1:1000) and anti-
mouse IgG (1:1000) (Santa Cruz Biotechnology) were used as secondary
antibodies. Protein immunoreactivity was detected using the chemilu-
minescence detection kit (GE Healthcare, Little Chalfont, UK).

2.10. Statistical analysis

+

Data are expressed as the mean *+ standard deviation. All experi-
ments were repeated at least three times and the differences between
groups were evaluated by one-way ANOVA test. A p value < 0.01 in-
dicated statistical significance.

3. Results
3.1. Fluorescence screening

Supplementary data 2 (S2) shows the fluorescence intensity of 289
traditional plant extracts analyzed by fluorescence emission as a pre-
liminary screen. As shown in Fig. 1, 13 plant extracts showed con-
siderable fluorescence intensity and were selected as primary candi-
dates. The fluorescence levels of HP were used as control. HP reached
its maximal fluorescence value of 100,000 units at 500 ug/ml. Some
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plant extracts exhibited approximately comparable fluorescence levels
to HP.

3.2. Screening of novel photosensitizers

To compare the photodynamic effects of 13 primary candidates, KB
and Hep-2 cells were treated with different doses of the plant extracts
with and without 625 nm IR and the cell viability assayed. The lethal
concentration 50 (LC50) values were calculated by trend line analysis
of the extracts with and without 625 nm IR. The differences between
values obtained with and without 625 nm IR for each extract are ar-
ranged in descending order in Table 1. Loranthi Ramulus extract showed
a difference of 141.7 in KB cells, but the difference was only 21.5 in
Hep-2 cells. However, Houttuyniae Herba (HH) and AC extracts showed
higher differences than the other extracts in both KB and Hep-2 cells.
Therefore, HH and AC were chosen as our primary candidates.

3.3. Optimal PDT conditions for a novel photosensitizer

KB, Hep-2, and HaCaT cells were treated with HH and AC extracts
(0-100 pg/ml) with and without 625 nm IR. As shown in Fig. 2C, the
survival rate of HaCaT cells in the HH with 625 nm IR group was less
than 50% at 40 pg/ml. In contrast, both the AC and AC with 625 nm IR
groups showed a high stable survival rate of approximately 90% at
0-60 pg/ml. For KB and Hep-2 cells, treatment with 60 ug/ml AC ex-
tract showed significant differences in survival rates, with and without
625 nm IR (Fig. 2A and B). To determine the optimal AC treatment time
in KB and Hep-2 cells, the fluorescence and ROS levels of AC were
analyzed at a series of time points. KB and Hep-2 cells were treated with
60 pug/ml AC extract for 0-12 h. As shown in Fig. 3, when KB and Hep-2
cells were treated with AC extract for 2h, AC fluorescence began to
accumulate in the cytosol. At 8h of AC treatment, the strongest AC
fluorescence was detected in both KB and Hep-2 cells. AC fluorescence
decreased at 12h of treatment. As shown in Fig. 4A and B, the green
DCF-DA fluorescence also peaked at 8h in KB and Hep-2 cells. In
contrast, the green DCF-DA fluorescence was barely detected in HaCaT
cells (Fig. 4A and B). Next, to determine the survival rate of KB, Hep-2,
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Fig. 1. 13 plant extracts showed strong fluorescence intensity. The fluorescence intensities of 289 plant extracts were compared to the maximum fluorescence of
HP (100,000 units). The 13 plant extracts that were the closest to the maximum fluorescence value of HP were Rubi Fructus, Zedoariae Rhizoma, Loranthi Ramulus,
Anethi Fructus, Houttuyniae Herba, Forsythiae Fructus, Ponciri Fructus, Acanthopanacis Cortex, Potentillae Radix, Alpiniae Semen, Biotae Orientalis Foilum, Typahe Pollen,

and Siegesbeckiae Herba.
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Table 1
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LC50 values of 13 plant extracts in KB and Hep-2 cells with and without 625 nm IR. The differences between the LC50 values obtained with and without 625 nm
IR were arranged in descending order. (* p < 0.01, ** p < 0.001, *** p < 0.0001 plant extracts vs. plant extracts with 625nm IR). “—”: the maximum con-

centration (500 pg/ml) did not reach the LC50. ND: Not detectable.

Plant extract Lc50 (ug/ml)

Plant extract Lc50 (ug/ml)

KB Hep-2
Plant (A) Plant + LED (B) (A)-(®B) P-value Plant (A) Plant + LED (B) (A) - (B) P-value
Loranthi Ramulus 285.57 143.94 141.63 el Houttuyniae Herba 316.32 62.98 253.34 sk
Houttuyniae Herba 199.79 68.83 130.96 Acanthopanacis Cortex 263.5 79.33 184.17
Acanthopanacis Cortex 153.68 80.19 73.49 Biotae Orientalis Foilum 80.37 50.36 30.01 ok
Anethi Fructus 150.48 103.75 46.73 e Siegesbeckiae Herba 237.18 214.16 23.02 sk
Zedoariae Rhizoma 165.16 124.52 40.64 Loranthi Ramulus 282 260.47 21.53
Siegesbeckiae Herba 216.15 184.87 31.28 Typahe Pollen 117.75 99.57 18.18
Biotae Orientalis Foilum 77.46 49.6 27.86 Hk Potentillae Radix 111.49 98.75 12.74 wx
Ponciri Fructus 250.74 231.26 19.48 Zedoariae Rhizoma 272.76 261.68 11.08 ND
Potentillae Radix 98.88 87.76 11.12 Forsythiae Fructus 76.33 77.69 -1.36 ND
Typahe Pollen 94.91 91.86 3.05 ND Anethi Fructus 100.77 112.81 —12.04 Hr
Alpiniae Semen 76.48 75.46 1.02 ND Alpiniae Semen 83.52 96.73 -13.21 ok
Forsythiae Fructus 73.38 72.97 0.41 ND Ponciri Fructus 261.14 290.36 —29.22 e
Rubi Fructus — — — ND Rubi Fructus — — — ND
Houttuyniae Herba (HH) Acanthopanacis Cortex (AC)
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Fig. 2. Cell viability with and without 625 nm IR at various concentrations of HH and AC. KB, Hep-2 and HaCaT cells were treated with the indicated
concentrations (0-100 pg/ml) of HH and AC for 12 h, followed by 625 nm IR for 1 h. The black bars represent HH or AC treatment alone, the light gray bars represent
HH or AC with 625 nm IR treatment. (* p < 0.1, ** p < 0.01, *** p < 0.001 compared to the untreated control).

and HaCaT cells under the optimal AC treatment time and concentra-
tion, a cell viability assay was performed in a time-dependent and dose-
dependent manner with and without 625nm IR in KB, Hep-2, and
HaCaT cells. As shown in Fig. 4C, AC extract with 625 nm IR induced

the most cell death in KB and Hep-2 cells at 8 h. In addition, the survival
rate of KB cells was lower than that of Hep-2 cells and the survival rate
of HaCaT cells was greater than 80% with 60 pug/ml AC. As shown in
Fig. 4D, the survival rates of KB and Hep-2 cells were both less than
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Fig. 3. Intracellular distribution of AC extract in KB and Hep-2 cells. AC fluorescence was observed by confocal microscopy to localize to the cytosol. The
fluorescence intensity increased from 0 to 8 h. The AC fluorescence intensity (FI) in KB and Hep-2 cells was evaluated using CELENA"S Digital Imaging System. DAPI:

fluorescent dye staining cell nuclei; AC: Acanthopanacis Cortex.

35% with 60 pg/ml AC for 8h and 625 nm IR for 1 h. HaCaT cells also
maintained a survival rate of more than 80% with 60 ug/ml AC with or
without 625 nm IR.

3.4. ROS generation with novel photosensitizer

To compare ROS levels in different conditions, KB and Hep-2 cells
were divided into five groups: the control, 625 nm IR (625 nm IR for
1 h), AC (treated with 60 pg/ml AC for 8 h), AC with 625 nm IR groups
(treated with 60 pg/ml AC for 8 h, followed by 625 nm IR for 1 h) and
HP with 625nm IR groups (treated with 2uM for 8h, followed by
625nm IR for 1h). As shown in Fig. 5, the control and 625nm IR
groups showed almost no green DCF-DA fluorescence. The AC group
and HP with 625nm IR group produced some slight green DCF-DA
fluorescence. However, the AC with 625 nm IR group produced large
amounts of green DCF-DA fluorescence and the signal was stronger than
those of the other four groups.

3.5. AC with 625 nm IR induces cell apoptosis in KB and Hep-2 cells

To investigate whether AC with 625 nm IR induced apoptosis in KB
and Hep-2 cells, Annexin V-FITC/PI flow cytometry and western blot
analyses were performed. As shown in Fig. 6A and B, there was almost
no difference between the control group and the 625 nm IR group, both
in KB and Hep-2 cells, indicating that 625nm IR treatment did not
solely induce significant apoptosis. The AC only group induced a low
level of apoptosis, with an apoptotic rate of approximately 10-20%.
However, the apoptotic rate of the AC with 625nm IR group reached
60-70%. The apoptosis-related protein expression of PARP-1, Bcl-2,
and Bax was examined in the cell groups. In the AC with 625nm IR
group, expressed Bcl-2 protein was significantly down-regulated, the
Bax protein was up-regulated, and the cleaved PARP-1 protein can be
clearly seen in Fig. 6C.
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4. Discussion

In the last 20 years, hematoporphyrin (HP) and its derivatives have
been widely used as photosensitizers in the treatment of multiple car-
cinomas [23]. In order to develop novel photosensitizers, they should
have comparable fluorescence intensity to the commercial pro-
duct—HP. Therefore, the identification of novel photosensitizers with
comparable fluorescence intensity to HP will have a positive effect on
the development of novel photosensitizers. As shown in Fig. 1, the
fluorescence intensities of 289 plant extracts (S2) were measured and
13 plant extracts with fluorescence intensity higher than 80,000 uni-
ts—the intensity of HP, were selected. The 13 plant extracts were as
follows: Rubi Fructus, Zedoariae Rhizoma, Loranthi Ramulus, Anethi
Fructus, HH, Forsythiae Fructus, Ponciri Fructus, AC, Potentillae Radix,
Alpiniae Semen, Biotae Orientalis Foilum, Typahe Pollen, and Siegesbeckiae
Herba. Fortunately, they are all readily available in eastern countries.
Since these 13 extracts have similar fluorescence intensities to that of
the commercial HP at 420 nm, they may have the potential to act as
photosensitizers for photodynamic diagnosis (PDD). PDD often uses
blue light to excite photosensitizer fluorescence for the detection of
pathological tissue [24,25].

Next, we compared the effect of the 13 candidates that showed
strong fluorescence with or without 625nm IR, on cancer cells using
cell viability assay (Table 1). The preliminary selection criteria for
screening an ideal natural photosensitizer are as follows: the toxicity of
the photosensitizer to cancer cells under 625 nm IR conditions; a high
difference between the LC50 values of the photosensitizer with 625 nm
IR and without 625 nm IR; simultaneous photodynamic toxic effect on
KB and Hep-2 cells; and non-toxic effect of the photosensitizer on
normal cells.

HH and AC extracts were found to satisfy the above criteria for
625 nm IR-induced cell death in KB and Hep-2 cells after determining
the difference in LC50 values with and without 625nm IR for the 13
plant extracts. Although HH extracts have antibacterial, anti-oxidative,
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Fig. 4. Optimizing AC treatment conditions. (A) and (B) ROS levels in KB, Hep-2, and HaCaT cells treated with AC and 625 nm IR. Green DCF-DA fluorescence in
the AC with 625 nm IR group was strongest at 8 h and the fluorescence intensity increased steadily from 0 to 8 h. HaCaT cells had barely detectable green DCF-DA
fluorescence. The green DCF-DA fluorescence intensity in KB and Hep-2 cells was evaluated using ImageJ software. (C) KB, Hep-2, and HaCaT cells were treated with
60 pug/ml of AC for 0-12 h, followed by 625 nm IR for 1 h. The lowest survival rate in both KB and Hep-2 cells was at 8 h. At the same time, HaCaT cells maintained a
high survival rate. (D) KB, Hep-2, and HaCaT cells were treated with the indicated concentrations (0-100 pg/ml) of AC for 8 h, followed by 625nm IR for 1 h.
Treatment 60 pug/ml of AC produced a satisfactory photodynamic effect. Black bars represent AC treatment alone, light gray bars represent AC with 625nm IR
treatment. (* p < 0.1, ** p < 0.01, *** p < 0.001 compared to the untreated control).
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treatment groups. The green DCF-DA fluorescence intensity in KB and Hep-2 cells was evaluated using ImageJ software (* p < 0.1, ** p < 0.01, *** p < 0.001 of
the AC group compared to the AC with 625 nm IR group).
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Fig. 6. AC with 625 nm IR induced apoptosis in KB and Hep-2 cells. (A) and (B), Annexin V-FITC/PI staining for apoptosis were analyzed by flow cytometry.
Treatment with AC and 625 nm IR led to high levels of apoptosis in both KB and Hep-2 cells. The apoptosis rate of the AC with 625 nm IR group was compared to that
of the AC group (* p < 0.1, ** p < 0.01, *** p < 0.001). (C) Western blot assay, expression levels of apoptosis-related proteins (Bcl-2, Bax, and PARP-1) in KB and

Hep-2 cells.

and anti-cancer effects [26-28], also study reported that HH injection
can cause adverse effects in patients [29]. Additionally, as shown in
Fig. 2C, HH had significant photodynamic toxicity in HaCaT cells with
and without 625 nm IR. In contrast, both AC and AC with 625 nm IR
groups showed a high stable survival rate. AC refers to the barks of the
roots and stem of Acanthopanax sessiliflorus, a plant of the Araliaceae
family. Many chemical compounds were isolated from Acanthopanax
sessiliflorus, including triterpenoid saponins, lignans, coumarins, and
flavones [30-33]. Recently, studies have shown that the main coumarin
component isolated from the bark of A. senticosus can inhibit ERK1/2
phosphorylation in hepatoma cell lines, inhibiting MMP-7 expression
and cell invasion at a non-toxic level [34]. The polysaccharide extracted
from A. senticosus has tumor suppressive effect on Croker sarcoma S80,
liver cancer H22 and cervical cancer U4 cell lines [35]. In addition, a
recent report showed that AC extract had a certain inhibitory effect on
cell proliferation in multiple kinds of tumor in vitro and in vivo [36].
Treatment of KB and Hep-2 cells with 60 ug/ml AC led to significant
differences between the survival rates of groups with and without
625 nm IR as shown in Fig. 2A and B. Therefore, we suggest that AC
extract is a potential novel natural photosensitizer against HNSCC.

In PDT, the intracellular distribution of photosensitizers is highly
relevant to the outcomes of PDT [37]. In general, photosensitizers are
transported into the cells in one of two ways: hydrophilic and anionic
photosensitizers are internalized by endocytosis, mainly in lysosomes;
lipophilic photosensitizers bind to low-density lipoproteins and their
conjugates release the photosensitizer into the cytosol [38]. As shown
in Fig. 3, AC extract gradually accumulated in the cytosol in a time-
dependent manner and the fluorescence intensity lasted for over 8 h in
both KB and Hep-2 cells. Since the mitochondria have high oxygen
levels, ROS can be easily produced after the accumulation of the pho-
tosensitizer [39]. Moreover, in PDT, ROS generation can induce mi-
tochondrial dysfunction, leading to cell death [40]. As shown in Fig. 4,
KB and Hep-2 cells treated with 60 pg/ml AC extract for 8 h and 625 nm
IR for 1h, had the strongest green DCF-DA fluorescence and lowest
survival rate. In contrast, HaCaT cells did not produce significant ROS
fluorescence and cell survival rate was maintained at more than 80%.

ROS production by cancer cells under PDT conditions leads to ac-
tivation of the protein kinase pathway and releases many mediators
responsible for the process of cell death, which may induce apoptosis or
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necrosis [41]. As shown in Fig. 5, the ROS levels caused by AC extract
with 625 nm IR were increased by approximately three fold compared
to those with the AC extract alone in KB cells and by approximately two
fold in Hep-2 cells. Also, the ROS level caused by AC extract with
625 nm IR was higher than that by HP with 625 nm IR in both KB and
Hep-2 cells. Furthermore, as shown in Fig. 6A and B, KB and Hep-2 cells
treated with AC extract with 625 nm IR showed high levels of apoptosis
by Annexin V-FITC / PI flow cytometry analysis. In contrast, treatment
with the AC extract alone did not result in significant apoptosis. The
main function of mitochondria in the apoptotic signaling pathway is to
release pro-apoptotic proteins, normally contained in the inter-
membrane space, into the cytoplasm, triggering downstream apoptotic
signaling pathways in the cytosol [42]. This release is controlled by the
Bcl-2 family of proteins to activate the two pro-apoptotic members Bax
and Bak [43]. As Bcl-2 transfection leads to overexpression of Bax, the
release of cytosolic Bcl-2 can lead to overexpression of Bax [44]. As
shown in Fig. 6C, PARP-1 was activated to form a cleavage protein, Bcl-
2 expression was down-regulated, and Bax expression was up-regu-
lated. When inducing apoptosis, the up-regulated expression of Bax was
positively correlated with the degradation of PARP-1 protein. There-
fore, it can be speculated that AC extract acting as a novel photo-
sensitizer in PDT could produce ROS and trigger the apoptotic signaling
pathway of KB and Hep-2 cells.

In this study, AC extract has similar fluorescence intensity to that of
commercial HP, at 420 nm. Hence, AC extract plus 625nm IR could
enhance the PDT effect, induce ROS generation, and trigger apoptotic
signaling pathways in KB and Hep-2 cells. Our study demonstrated by
means of cell viability assays, ROS generation, Annexin V-FITC / PI
flow cytometry analysis, and western blotting in vitro, that cell death
rate due to PDT was perceptibly higher than those of other single
therapeutic approaches. Therefore, we suggest that AC extract may be
used as a novel photosensitizer for PDT in HNSCC. Furthermore, AC
extract can be used as either a photosensitizer for PDD or a photo-
sensitizer for PDT under different light sources. Finally, this study is the
first to report the use of AC extract as a photosensitizer, hence further
investigation is required to validate the results of this study.
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