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Abstract

Background—Low-Level Light Therapy (LLLT) is used to stimulate healing, reduce pain and
inflammation, and preserve tissue from dying. LLLT has been shown to protect cells in culture
from dying after various cytotoxic insults, and LLLT is known to increase the cellular ATP
content. Previous studies have demonstrated that maintaining a sufficiently high ATP level is
necessary for the efficient induction and execution of apoptosis steps after photodynamic therapy
(PDT).

Methods—We asked whether LLLT would protect cells from cytotoxicity due to PDT, or
conversely whether LLLT would enhance the efficacy of PDT mediated by mono-L-aspartyl
chlorin(e6) (NPe6). Increased ATP could lead to enhanced cell uptake of NPe6 by the energy
dependent process of endocytosis, and also to more efficient apoptosis. In this study, human
osteosarcoma cell line MG-63 was subjected to 1.5 J/cm? of 810 nm near infrared radiation (NIR)
followed by addition of 10 uM NPe6 and after 2 h incubation by 1.5 J/cm?2 of 652 nm red light for
PDT.
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Results—PDT combined with LLLT led to higher cell death and increased intracellular reactive
oxygen species compared to PDT alone. The uptake of NPe6 was moderately increased by LLLT,
and cellular ATP was increased. The mitochondrial respiratory chain inhibitor antimycin A
abrogated the LLLT-induced increase in cytotoxicity.

Conclusions—Taken together, these results demonstrate that LLLT potentiates NPe6-mediated
PDT via increased ATP synthesis and is a potentially promising strategy that could be applied in
clinical PDT.
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Photodynamic therapy; Low level light therapy; Photobiomodulation; Mono-L-aspartyl
chlorin(e6) Lysosomal uptake; Adenosine triphosphate

Introduction

Photodynamic therapy (PDT) uses three key components: a photosensitizer (PS), a light
source of the correct wavelength to be absorbed by the PS, and tissue oxygen. PDT is used
in cancer treatment, microbial destruction, and in a wide range of other medical applications
[1]. Cells or pathologic tissues can selectively take up the PS, and the specific wavelength of
the light excites the PS to produce reactive oxygen species to damage biomolecules and kill
cells [2]. The activated PS can undergo two kinds of reaction. First, it can form free radicals
through electron transfer (type | reaction) with oxygen or biomolecules. Alternatively, it can
transfer its energy directly to ground state triplet oxygen to form highly reactive, excited
state singlet oxygen (type Il reaction) [3]. However, the cytotoxicity of PDT in vitro often
does not correlate with the in vivo situation as tumor response is primarily determined by the
tumor accumulation and biodistribution, because the lipoproteins and albumin interact
strongly with PS after systemic administration [4]. Therefore the mechanisms of PS uptake
into cells have an important role in the selectivity and efficacy of PDT [5, 6].

Mono-L-aspartyl chlorin(e6) (NPe6) is a lysosomal localizing PS that can lead to cellular
apoptosis and/or necrosis after illumination. NPe6-PDT results in lysosomal disruption,
followed by the release of cathepsins that then cleave BH3-interacting-domain death agonist
(Bid) and activate caspases which eventually leads to release of cytochrome C, and cell
apoptosis [7]. The uptake of NPe6 into lysosomes is mediated by the process of endocytosis
which is an energy-dependent process that is powered by cellular ATP.

Several important physiological processes and biochemical reactions are affected by
photobiomodulation. Previous studies have shown that the primary mechanisms of low-level
light therapy (LLLT) involve light absorption in mitochondria or other organelles and lead
to modulation of signaling pathways, via production of ROS, ATP, Ca2*, and NO [8].
Secondary effects include changes in stress signaling, cell metabolism, cytoskeleton,
proliferation, homeostasis, and increased cell survival [9-11]. Several studies have shown
that exposing cultured cells in vitro to LLLT using varying wavelengths and doses can
protect the cells from dying after they have been treated with different cytotoxic mediators.
Eells and Wong-Riley’s laboratory have shown the cytoprotective effect of LLLT applied to
cultured neurons that had been treated with cyanide [12], tetrodotoxin [13], rotenone and
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MPP+ [14]. Da Xing demonstrated LLLT-induced cytoprotection and reduced apoptosis in
neurons exposed to amyloid-beta peptide [15, 16].

Previous studies showed that the antitumor effect of hematoporphyrin monomethyl ether-
mediated PDT markedly inhibited the proliferation of sarcoma cell lines (LM8, MG63,
Saos-2, SW1353, TC71, and RD) through a caspase-dependent apoptosis pathway, both in
cells and in a mouse sarcoma model [17]. Importantly, this report concluded that PDT could
be a minimally invasive and highly selective treatment to decrease the local recurrence rate
of malignant bone tumors during limb salvage procedure. Maintaining a sufficiently high
ATP level enhanced the caspase-3 activity and nuclear fragmentation after PDT for cells
treated with glucose [18].

In our present study, we asked whether the human osteosarcoma cell line MG-63 treated
with 810 nm NIR laser followed by NPe6-PDT would show increased survival after PDT
via a cytoprotective mechanism, or alternatively if the cells would show enhanced efficacy
of PDT. Enhanced PDT cytotoxicity could be mediated either by increased uptake of NPe6,
or by enhanced apoptosis; both effects could in principle be caused by increased ATP
production.

Material and methods

Light sources

Cell culture

A Ga-Al-As diode laser (Acculaser Inc., USA) was used for LLLT, 810 nm, continuous
wave, irradiance of 20 mW/cm? appropriately [19]. A non-coherent filtered lamp
(LumaCare, USA) (652+15 nm, irradiance of 20 mW/cm?) was used for PDT. The power
densities of both light sources were measured with a power meter (Thorlab, USA). After
preliminary experiments the fluences of both the 810 nm laser and the 652 nm lamp was set
at 1.5 J/lem? achieved after an exposure duration of 1.2 minutes for both.

A human osteosarcoma cell line MG-63 (ATCC, Mannassas, VA) was cultured in RPMI
1640 medium (Invitrogen, USA) supplemented with 10% fetal bovine serum (Invitrogen,
USA), 1% penicillin-streptomycin (Invitrogen, USA) at 37°C and 5% CO> in an incubator.

Cell viability and PDT treatment

MG-63 cells were seeded at a density of 5 x 103 per well in 96-well culture plates (Fisher
Scientific, USA) for overnight culture. At the start of the experiment, 1.5 J/cm? of 810 nm
NIR was delivered, and then the medium was replaced by a new medium with various
concentrations of NPe6 (Light Science Corp., USA) for a 2 h-incubation.

Before PDT treatment, the cells were washed with PBS and replaced by a new medium
without fetal bovine serum, then exposed to 1.5 J/cm? of red light At 24 h after PDT
treatment, the viability of MG-63 cells was quantitatively measured by a Prestoblue cell
assay (Invitrogen, USA). The cells were incubated in cell permeable resazurin-based
solution for 1 h at 37°C. Cell viability was quantitatively measured by fluorescent reader
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(Molecular Devices, USA) with excitation at 560nm and emission at 590nm. Survival of
cells was normalized to control cells without NPe6 treatment and laser irradiation.

For each sample, the cellular viability was calculated from the data of 3 wells (n=3) and
expressed as a percentage, compared with the untreated cells (100%). Comparison of the
mean optical density between the untreated (100%) and treated cells 24 h after PDT allowed
the evaluation of the cytotoxicity. Each experiment was repeated 3 times.

Cellular uptake of NPe6

MG-63 cells (1x10° cells) were seeded in 6-well culture plates and incubated at 37°C, 5%
CO, overnight. Before incubation, MG-63 cells were treated with or without 1.5 J/cm? of
810 nm NIR. The medium in the cell culture well were replaced with medium containing 5
or 10 uM NPe6 and incubated for 2 hours.

After the MG-63 cells were washed with PBS, they were dissolved in 300 pl cell lysis
buffer. 150 pl lysates were then transferred to luminescence 96-well plates (Corning, USA)
and the amount of NPe6 was fluorometrically determined with an excitation wavelength of
400 nm and emission at 660nm by a fluorescent plate reader. Cell protein was quantitatively
measured by Bradford Reagent (Sigma, USA), which allowed the amount of NPe6 per unit
of cell protein to be calculated.

Measurement of ROS generation induced by NIR combined with PDT

MG-63 cells (1x10° units) were seeded in 6-well culture plates and incubated at 37°C, 5%
CO» overnight. To monitor ROS generated by NPe6 mediated-PDT, we pretreated MG-63
cells with 1.5 J/cm? of 810 nm NIR and incubated with 5 and 10 pM NPe6 for 2 h. After the
MG-63 cells were washed with PBS and replaced by a medium without fetal bovine serum,
they were exposed to 1.5 J/cm? of 652 nm red light for PDT, and then stained with CM-
H,DCFDA (Invitrogen, USA) immediately for 30 minutes to measure the level of ROS by
flow cytometry (BD Biosciences, USA).

Cell Localization of NPe6 via Confocal Microscopy

To determine NPe6 intracellular localization, we used confocal microscopy (Olympus
FV1000, Japan) to observe NPe6 in conjunction with fluorescent probes. Cells were plated
at a density of 5x103/well in a 96-well black walled plate with clear bottoms (Corning,
USA) overnight.

MG-63 cells were treated with or without 1.5 J/cm? of 810 nm NIR. After 2 h of incubation
with 10 uM of NPe6, cells were washed with PBS and stained with fluorescent probes
specific for different cellular organelles (Invitrogen, USA). Mitochondria were stained with
MitoTracker-Green FM (100 nM, 30 min, 37°C), lysosomes with LysoSensor-Red DND-99
(200 nM, 30 min, 37°C) and the nucleus with Hoechst 33342 (5 pug, 30 min, 37°C). Cells
were then examined under a confocal microscope. Excitation wavelength and detection filter
settings for NPe6 were 400 nm and recorded through a 665-nm IR band-pass filter,
respectively. MitoTracker-Green FM was excited at 488 nm with an argon ion laser and
emitted light was recorded through a 516-nm band-pass filter.
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LysoSensor-Red DND-99 was excited at 559 nm with an argon ion laser and emitted light
was recorded through a 590-nm band-pass filter. Hoechst 33342 was excited with a 405 nm
laser and emission was recorded through a 461-nm band-pass filter. Images were acquired
using FV10-ASW 2.0 viewer (Olympus, JAPAN) software.

ATP activity assay

MG-63 cells (5x10% units) were seeded in 12-well culture plates and incubated the cells at
37°C, 5% CO, overnight. MG-63 cells were treated with or without 1.5 J/cm?2 of 810 nm
NIR, and ATP was measured at each time point following NIR. To produce ATP release,
200 pl cell lysis buffer was added and plates were placed on shaker for 5 minutes. 100 pl
lysates were then transferred to luminescence 96-well plates (Corning, USA). 100 pl of Cell-
Titer Glo Assay mix (Promega, USA) was added into each well to evaluate ATP level. After
shaking for 5 minutes, the culture plate was incubated for 10 minutes at room temperature to
stabilize the luminescence signal. The luminescence signal was determined by a plate
reader.

Pretreatment with mitochondrial respiratory chain inhibitor Antimycin A

MG-63 cells (5x103 units) were seeded in 96-well plates and incubated overnight at 37°C,
5% CO5. The next day antimycin A was added to the wells at 1 nM final concentration for 1
hour incubation, then fresh medium was added and the cells were treated with 1.5 J/cm? of
810 nm NIR. Next NPe6 was added for a 2-hour incubation, and then cells were washed
with PBS and fresh medium added prior to delivery of 1.5 J/lcm? of 652 nm red light for
PDT The cell viability was measured at 24 h as described above.

Statistical Analysis

Results

All results are expressed as the mean + standard deviation. The Student’s t test was
performed for statistical analysis, and differences between groups were considered
significant at a p value <0.05.

NIR-LLLT enhanced PDT effectiveness

To determine whether NIR-induced increases or decreases in PDT-mediated cytotoxicity,
MG-63 cells were pre-treated with or without 1.5 J/cm? of 810 nm NIR, before incubation
with NPe6 at concentration of 10 uM for 2 h. At the end of NPe6 incubation, cells were
washed with PBS and supplied with medium without FBS. After exposure to 1.5 J/cm? of
652 nm red light for PDT, cells were incubated for 24 hours followed by a cell viability
assay as shown in Figure 1.

MG-63 cells pre-treated with NIR showed significantly higher cytotoxicity after NPe6-
mediated PDT in cell viability assays. Furthermore, the data also showed that NIR alone at
various fluences without PDT had no effect on the cell viability.
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Cellular uptake of NPe6 after NIR-LLLT

We measured the level of cellular uptake of NPe6 after zero or 1.5 J/cm? of 810 nm NIR by
fluorescence plate reader. Fluorescence intensity of NPe6 was moderately (5-10%)
increased by pre-treatment with LLLT with both 5 and 10 pM NPe6 concentration and this
increase reached statistical significance at 10 uM (Figure 2).

NIR-LLLT increases PDT-induced ROS generation

To monitor ROS production form NPe6-mediated PDT, the fluorescent molecular probe
H,DCFDA was used to determine ROS in the cells after PDT by flow cytometry. We treated
MG-63 cells with or without 1.5 J/cm? of 810 nm NIR and then cells were incubated with 10
M NPe6 for 2 hours. After exposure to 1.5J/cm? of 652 nm light for PDT, cells were
immediately incubated in medium containing H,DCFDA for flow cytometry analysis. The
data showed that the pre-treatment with NIR slightly (but significantly at 10 uM) increased
PDT-induced ROS generation in MG-63 cells compared to PDT cells without LLLT as
shown in Figure 3.

Intracellular localization of NPe6 in MG-63 cells

To determine whether pre-treatment with 1.5 J/cm? of 810 nm NIR made any difference in
the subcellular localization of NPe6 we used fluorescent molecular probes specific for
different cellular organelles and confocal microscopy. Figure 4 shows the fluorescence
microscope pictures of MG-63 cells incubated with NPe6 (red fluorescence), mitochondria
(green fluorescence), nucleus (blue fluorescence), and lysosome (yellow fluorescence). The
merged picture indicates that the majority of NPe6 was located in lysosomes with a minor
amount detected in mitochondria. Although there appeared to be more NPe6 red
fluorescence visible in NIR treated cells compared to control cells, the localization did not
appear to be different.

Stimulation of ATP production by NIR-LLLT

To determine the effect of NIR on cellular ATP production, ATP levels were measured after
exposure to 1.5 J/cm? of 810 nm NIR at intervals of 5 minutes and 2 h. The results indicated
that the ATP level significantly increased more than two-fold 5 min after LLLT and was still
significantly increased (about 70%) after an interval of 2 h as shown in Figure 5.

NIR-LLLT potentiation of NPe6 PDT cytotoxicity is abrogated by antimycin A, an inhibitor
of ATP synthesis

A previous study demonstrated that 660 nm LLLT-induced expression of M1-related
cytokines and chemokines (CCL2) in the human monocyte cell line THP-1 was inhibited by
antimycin [20]. To examine if NIR-mediated increase in NPe6 PDT-induced cytotoxicity
depends on ATP synthesis, we treated MG-63 cells with or without 1.5 J/cm? of 810 nm
NIR, with and without NPe6-PDT, with and without the mitochondrial respiration chain
inhibitor antimycin A. There were six combinations: (1) control; (2) antimycin A alone; (3)
PDT alone; (4) NIR + PDT; (5) antimycin A + PDT; (6) antimycin A + NIR + PDT. It
should be noted that antimycin A is expected to have a certain level of cytotoxicity in its
own right [21]. Figure 6 shows that antimycin A alone produced 15% Kkilling and this was
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significant. PDT alone produced 22% killing, and the PDT-killing after pretreatment with
NIR was 33% (a significant increase over PDT alone as reported above). The combination
of two different cytotoxic modalities (antimycin A and PDT) produced an additive effect
giving 51% killing. Importantly, when NIR was added after antimycin A and then followed
by PDT, the 50% killing was not significantly different from that found with antimycin A
plus PDT alone. In other words the potentiation of killing found by combining NIR and PDT
has been abrogated by use of antimycin A, an inhibitor of mitochondrial respiration.

Discussion

In this study we asked an intriguing question: does the pretreatment of cancer cells with
NIR-LLLT, protect the cancer cells from the cytotoxic effects of subsequent PDT, or
conversely does it increase the cell killing? If the cell killing is increased is this because the
uptake of NPe6 in increased, or is it because the increase in cellular ATP allows the cells to
die more efficiently?

PDT mediated by NPe6 combined with 810 nm NIR laser led to higher (not lower)
cytotoxicity against MG-63 cells (Figure 1). Furthermore, NIR alone without PDT had only
a relatively slight effect on the cell viability. We initially tested the hypothesis that the NIR-
induced increase in mitochondrial activity and consequent ATP production would enhance
cellular uptake of the NPe6.

It is known that NPe6 is largely taken up into cells by endocytosis, where the NPe6 first
goes into early endosomes, that then turn into late endosomes, and finally into lysosomes
[22]. Roberts and Berns examined [23] the effect of reducing the incubation temperature to
2°C of cells treated with NPe6, and found that at low temperatures the uptake and
consequent PDT-induced cytotoxicity was markedly reduced. This observation suggested
that an active cellular uptake process was occurring, such as endocytosis, which requires
consumption of cellular energy to power the uptake of NPe6. It is further known that NPe6
binds to serum proteins particularly high density lipoprotein and albumin [24], and it may be
hypothesized that protein bound PS such as albumin-NPe6 are more likely to be taken up by
endocytosis. The significant but rather limited increase in NPe6 uptake after LLLT
suggested that a mechanism was induced by NIR that either increased endocytosis of NPe6,
or interacted with some other pathway that affected uptake (Figure 2). To our knowledge
there have been no reports of LLLT being used to increase uptake of any PS.

To compare PDT-induced ROS generation with or without NIR treatment, the samples were
stained with H,DCFDA immediately after PDT treatment, and a higher ROS level was
observed after NIR combined with PDT (Figure 3). It should be noted that adding
H,DCFDA after the PDT light has been switched off, is likely to primarily measure the ROS
produced inside the cells due to damage to mitochondria or other organelles, rather than the
ROS directly produced by photochemical activation of the NPe6. This is because of the
extremely short lifetime of the major photochemical ROS, singlet oxygen and hydroxyl
radicals. Therefore this observation is likely to show increased intracellular damage with
PDT after LLLT, consistent with reduced cell survival.
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Localization of the NPe6 in lysosomes is correlated to cell death mechanisms through
disruption of lysosomal membrane and release of enzymes such as cathepsins to activate
apoptotic pathways in the cytosol including the cleavage of pro-apoptotic protein Bid, and
the release of cytochrome C from the mitochondria [25]. Our results show that more NPe6
was accumulated in lysosomes and other cellular compartments after NIR combined with
PDT (Figure 4).

Previous studies indicated that 632.8 nm He-Ne laser induced an increase in cellular ATP
level through activation of the electron flow in the respiratory chain of irradiated HeLa cells
[26]. 810 nm laser can increase cellular ATP levels through up-regulation of mitochondrial
respiration, and leads to ROS production that can activate NF-kB in mouse embryonic
fibroblasts, and LLLT-induced ATP synthesis could be inhibited by the mitochondrial
respiration chain inhibitor antimycin A [27].

Our results also showed that ATP rapidly increased after exposure to 810 nm LLLT and the
increase lasted for 2 h after irradiation (Figure 5). However, the NIR-induced increase in
cytotoxicity was abrogated in the presence of antimycin A, indicating that the mitochondrial
respiratory chain acts as a key regulator in the NIR-induced increase of NPe6 uptake and
cytotoxicity (Figure 6).

A sufficient supply of cellular energy is required for efficient apoptotic cell death in general
[28], and specifically for efficient apoptosis after PDT [18]. Human epidermoid carcinoma
cell line A431 can be killed with chloroaluminum(ll) phthalocyanine tetrasulfonate
mediated PDT [29]. An appropriate level of ATP is critical during the apoptotic cascade. A
higher light dose led to a rapid decline in mitochondrial activity and cellular ATP content,
and resulted in necrotic cell death, rather than apoptotic cell death. The intracellular ATP
level of hypoxic cardiac myocytes was also a critical determinant of the form of cell death
whether by apoptosis or necrosis [30]. A recent report from Abraham et al [31] described a
new cancer treatment approach that combined LLLT, hyperthermia and ionizing radiation.
Although these authors did not investigate the mechanism in any detail, it is reasonable to
hypothesize that the role of LLLT in the triple combination is to elevate cellular ATP
providing more cellular energy for efficient cell death.

It should be noted that our results only apply to the particular sequence of LLLT and PDT
that we chose to investigate. The LLLT could have been applied much longer before PDT
(for instance 12 or 24 hours), or after the NPe6 incubation so that PS uptake was not
affected by LLLT. Alternatively the LLLT could have been delivered after the red PDT
light, in which case perhaps we might have observed cytoprotection rather than potentiation
of killing.

LLLT stimulates mitochondrial respiration and ATP production to improve cell
proliferation, migration, and adhesion [32]. In this study, we found that pre-treatment with
LLLT increased rather than decreased the PDT cell killing. We also clarified that NIR-
induced ATP synthesis is involved in the efficacy of PDT mediated by NPe6. These findings
suggest that LLLT-induced an increase of cellular ATP and potentiates both drug uptake and
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cell apoptosis. In future, LLLT could be applied to potentiate not only PDT, but many other
cytotoxic cancer therapies that require drug uptake and efficient apoptosis.
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Figure 1. Cell viability of MG-63 cells pretreated with NIR-LLLT followed by PDT
MG-63 cells were treated with or without NIR-LLLT (fluence 1.5 J/cm?) before 10 uM

NPe6 incubation, and then treated with PDT at different fluences 0, 1.5, 3 and 6 J/cm2.
(Open circle and closed circle). Additionally, MG-63 cells were treated with NIR-LLLT
alone at various fluences 0, 1.5, 3 and 6 J/cm?, cell viability was measured at 24 hours
(Closed triangle). Cell viability was measured at 24 hours after PDT or NIR

Data are the mean £ SD. An asterisk represents p value < 0.05 as a significant difference
between NIR + PDT and PDT alone. All results in this figure are representative of
experiments performed in triplicate.

Photodiagnosis Photodyn Ther. Author manuscript; available in PMC 2016 March 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Tsai et al.

NPe6 (nM) / Protein (mg)

Page 12

000 4
5000 B Control

E NIR

4000

3000

J
-
-
o

1

1000 4

5 10
NPe6 incubation (uM)

Figure 2. Quantification of NIR enhances cell uptake of NPe6 in MG-63
MG-63 cells were treated with or without 1.5 J/cm? of 810 nm NIR-LLLT before NPe6

incubation for 2 hours. NPe6 was extracted, corrected for total protein concentration and
fluorescence level determined in each cell lysate.

Data are the mean + SD of the fluorescent signal. An asterisk represents the p value < 0.05
as a significant difference between control and NIR-LLLT cells. All results in this figure are
representative of experiments performed in triplicate.
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Figure 3. NIR-LLLT combined with PDT induced ROS generation determined by flow
cytometry

MG-63 cells were pretreated with 1.5 J/cm? of 810 nm NIR-LLLT and incubated with NPe6
for 2 h, exposed to 1.5 J/cm? 652 nm red light, and then stained with HoDCFDA for 30
minutes to measure the level of ROS by flow cytometry.

Data are the mean + SD of the fluorescent signal. An asterisk represents the p value < 0.05
as a significant difference between control and NIR-treated cells. All results in this figure
are representative of experiments performed in triplicate.
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Figure 4. Subcellular localization of the NPe6 in MG-63 cells
Confocal fluorescence images of subcellular localization of the MG-63 cells with or without

1.5 J/cm2 of 810 nm NIR-LLLT and 2 h of incubation with 10 uM NPe6. Cells were stained
with organelle-specific fluorescent probes. NPe6 is red, mitochondria are green, lysosomes
are yellow, and nucleus is blue, respectively. Scale bar indicates 10 um.
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Figure 5. NIR-LLLT stimulates ATP synthesis in MG-63 cells
MG-63 cells were treated with 1.5 J/cm2 of 810 nm NIR-LLLT. After 5 min and 2 h, cells

were lysed and Cell-Titer Glo Assay mix used to determine ATP levels. Data are the mean +
SD. An asterisk represents the p value < 0.05 as a significant difference between control and
NIR-treated cells. All results in this figure are representative of experiments performed in
triplicate.
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Figure 6. NIR-LLLT potentiation of NPe6-PDT is abrogated by antimycin A
After 1 hour incubation with 1 nM antimycin A, MG-63 cells were treated with or without

1.5 J/cm? of 810 nm NIR-LLLT before 2 hour NPe6 incubation, and then exposed to 1.5
Jlem? 652 nm red light for PDT.

Cell viability was measured at 24 h after PDT. Data are the mean = SD of the fluorescent
signal. p value < 0.05 showed a significant difference between the indicated groups. All
results in this figure are representative of experiments performed in triplicate.
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