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ABSTRACT

Photodynamic therapy (PDT) employing photosensiter

N-aspartyl chlorin e6 (NPe6) can induce lysosome disruption

and initiate the intrinsic apoptotic pathway. Yet the precise

signal transduction pathway remains poorly understood. In this

study, we have investigated the molecular mechanism in NPe6-

PDT-induced apoptosis in human lung adenocarcinoma cells

(ASTC-a-1). A recombinant fluorescence resonance energy

transfer (FRET) Bid probe was utilized to determine the kinetics

of Bid cleavage. The results show that cleavage of the Bid-FRET

probe occurred 150 ± 5 min after NPe6-PDT treatment, and

this process lasted for 45 ± 5 min. The Bid cleavage coincided

with a translocation of tBid from cytoplasm to mitochondria.

Remarkably, a significant protection against cell death was

observed by using small interfering RNA for Bid. Therefore, our

study clearly showed the dynamics of Bid activation and

redistribution during NPe6-PDT-induced apoptosis by using

real-time analysis in living cells, and the inhibition of cell death

by silencing Bid with interference strongly suggested that

activation of Bid is required for inducing apoptosis in this

experimental model.

INTRODUCTION

Photodynamic therapy (PDT) is a novel treatment modality
for certain cancer and other indications. PDT employs a
photosensitizer and visible light to generate singlet oxygen and

other reactive oxygen species (ROS), which ultimately cause
tumor destruction (1–4). The subcellular location of a photo-
sensitizer critically influences the kinetics and the regulatory

pathway activated following a PDT treatment (5,6). N-aspartyl
chlorin e6 (NPe6), a powerful and natural occurring photo-
sensitizer, is endowed with remarkable tumor localizing
properties and in vivo antineoplastic activity upon irradiation,

suggesting its clinical application as a promising PDT agent
(7,8). Irradiation of murine hapatoma 1c1c7 cells preloaded
with NPe6 caused lysosomal disruption, the activation of

procaspase-3 and apoptosis (9–11). However, the precise
cellular signal transduction mechanism in NPe6-PDT-induced
apoptosis still remains poorly understood.

One mode of cell deaths caused by PDT is apoptosis (4).
Apoptosis is a very important cellular event that plays a key role
in pathogeny and therapy of many diseases (12,13). Apoptosis

occurs either through death receptor activation (extrinsic
pathway) or mitochondrial outer membrane permeabilization

(intrinsic pathway) (14,15). Both pathways converge on a
common ‘‘central executioner,’’ a self-amplifying mechanism
that involves mitochondrial membrane permeabilization and

caspase activation cascades (16,17). Despite the central role of
mitochondria in apoptosis, mounting evidence suggests that
other organelles, including lysosome, endoplasmic reticulum
and Golgi apparatus, are also points of proapoptosis signaling

integration (15). Lysosomes, which are acidic degradative
organelles, have recently been implicated in the regulation of
cell death (15). Lysosomal proteases translocate from the

lysosomal lumen to the cytosol in response to various stimuli
such as ROS (9,18,19), p53 activation (20), staurosporine (21)
and tumor necrosis factor-a (TNF-a) (22), and so forth.

Bid, a member of BH3-only subgroup of Bcl-2 family, is a
unique proapoptotic protein (23,24). It plays an essential role
in apoptotic signaling, by inducing the proapoptotic function-

ality of Bak and Bax, leading to cytochrome c release. The
BH3 domain of Bid is required for its interaction with Bax or
Bak (25). It is also the target of the Bcl-2 or Bcl-xl (26). Bid is
normally present in its full-length inactive form in the cytosol.

Activation of Bid depends on the cleavage of intact Bid into its
truncated form of tBid. The activation of Bid can be conducted
by several proteases such as caspases (26,27) and calpains (28).

Recently, Reiners et al. (9) reported that lysosomal extracts
could cleave Bid in NPe6-PDT protocols. However, the role of
Bid in apoptosis induced by lysosomal disruption is not well

known.
The fluorescence resonance energy transfer (FRET) tech-

nique has been used widely to study protein–protein interac-
tion in living cells (29–34). In this study, we investigated the

molecular mechanism in NPe6-PDT-induced apoptosis in
ASTC-a-1cells. We utilized a recombinant Bid-FRET probe
to determine the kinetics of Bid cleavage and redistribution.

The role of Bid in our experimental model was determined by
using small interfering RNA (siRNA) for Bid. Our data clearly
show the dynamics of Bid activation and redistribution, and a

significant protection against cell death was observed by
silencing Bid.

MATERIALS AND METHODS

Materials. Dulbecco’s modified Eagle medium (DMEM) was pur-
chased from GIBCO (Grand Island, NY). Cell counting kit-8 (CCK-8)
was purchased from Dojindo Laboratories (Kumamoto, Japan).
Z-IETD-fmk (caspase-8 inhibitor) was purchased from BioVision
(Mountain View, CA). LipofectamineTM Reagent, mitochondrion-
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specific dye (MitoTracker Red) and lysosome integrity (Acridine
Orange; AO) were purchased from Invitrogen (Carlsbad, CA). The
photosensitizer NPe6 was a generous gift from Dr. C. Julie (Light
Science Corporation). Bid-FRET and Bid-cyan fluorescent protein
(CFP) were kindly supplied by Dr. K. Taira (National Institute of
Advanced Industrial Science and Technology, Tsukuba, Japan) (32).

Cell culture, transfection and PDT treatment. The human lung
adenocarcinoma cell line (ASTC-a-1) was obtained from the
Department of Medicine, Jinan University (Guangzhou, China)
and cultured in DMEM supplemented with 10% fetal calf serum,
penicillin (100 U mL)1), and streptomycin (100 lg mL)1) in 5%
CO2 at 37�C in a humidified incubator. Transfection was performed
with LipofectamineTM reagent according to the manufacturer’s
protocol. The medium was replaced with fresh culture medium
after 5 h. Cells were examined 36 h after transfection. Cells were
coincubated with 33 lMM NPe6 in the dark at 37�C for 10 h. After
removing the culture medium, the cells were rinsed with PBS and
subsequently irradiated with a semiconductor laser (NL-FBA-2.0-
635; Shanghai, China) at a fluence of 4 J cm)2 (fluence rate: 10
mW cm)2).

Confocal microscopy. Cyan fluorescent protein, MitoTracker Red,
NPe6 and AO emissions were monitored confocally using a commer-
cial laser scanning microscope combination system (LSM510 ⁄Confo-
Cor 2; Zeiss, Jena, Germany) with a Plan-Neofluar 40· ⁄ 1.3 NA Oil
objective. Excitation wavelength and detection filter settings for each
of the fluorescent indicators were as follows: CFP fluorescence was
excited at 458 nm with an Ar-ion laser and emission was recorded
through a 470–500 nm band-pass filter. MitoTracker Red and NPe6
fluorescence was excited at 633 nm with a He–Ne laser and emitted
light was recorded through a 650 nm long-pass filter. AO fluorescence
from the cells was excited at 458 nm with an Ar-ion laser and the
emission was recorded through a 650 nm long-pass filter. For time-
course imaging, culture dishes were mounted onto the microscope
stage equipped with a temperature-controlled chamber (Tempcontrol
37-2 digital; Zeiss).

FRET image acquisition and data analysis. Fluorescence resonance
energy transfer was also performed on an LSM510 confocal
microscope. To monitor the fluorescence of FRET-Bid reporter, the
458 nm line of an Ar-ion Laser was used to excite CFP, reflected by a
dichroic mirror (main beam splitter HFT458 ⁄ 514). The emission
fluorescence was split by a second dichroic mirror (secondary beam
splitter NFT515) into separate CFP (470–500 nm band-pass) and
yellow fluorescent protein (YFP; 530 nm long-pass) channels, respec-
tively. The quantitative analysis of the fluorescence images was
performed using Zeiss Rel 3.2 image processing software (Zeiss) by
drawing regions around individual cells and obtaining the average
fluorescence intensity of YFP, CFP and YFP ⁄CFP emission ratio in
each region for each image.

Cell viability assays. The human lung adenocarcinoma cell line
(ASTC-a-1) cells were cultured in a 96-well microplate at a density of
5 · 103 cells ⁄well for 24 h and then coincubated with 33 lMM NPe6 for
10 h at 37�C in the dark. The samples were then divided into five
groups and exposed to semiconductor laser irradiation at fluence of 0,
1, 2, 4 and 8 J cm)2, respectively. After the irradiation, 96-well
microplates were returned to the incubator for a further culture. Cell
cytotoxicity assay was assessed with a colorimetric tetrazolium salt-
based assay, CCK-8. OD450, the absorbance value at 450 nm, was read
with a 96-well plate reader (DG5032; Huadong, Nanjing, China), to
determine the viability of the cells. The viability of cells was calculated
as: cell viability (% of control) = ODTre ⁄ODCon · 100% (where
ODTre was the absorbance value at 450 nm of treated cells and ODCon

was the absorbance value at 450 nm of control cells).
Caspase-8 activity assay. The activity of caspase-8 was measured

using the following fluorogenic enzyme substrate IETD-AFC (Alexis
Biochemicals, Coger, Paris, France). After the desired duration of
different treatments, the cells were harvested at 1200 g and lysed
with extraction buffer provided by the manufacturer. Cell lysates
were centrifuged at 10 000 g at 4�C for 10 min, and the superna-
tants were collected. After incubation at 37�C for 1 h, the samples
were read in a fluorometer equipped with a 400 nm excitation filter
and a 505 nm emission filter. The enzyme activity was expressed as
relative fluorescence units per milligram protein of protein. The
arbitrary values were presented as the mean ± SD of four exper-
iments.

RNA interference. Bid suppression was accomplished using Bid
short hairpin RNA (shRNA) constructs. To generate Bid knockdown
plasmids, several annealed sets of oligonucleotides encoding shRNA
corresponding to different sequences in Bid coding region were cloned
individually into pGPU6 ⁄GFP ⁄Neo vector (GenePharma, Shanghai,
China). The oligonucleotides of shRNA were synthesized as follows: 1,
shBid-33: 5¢-CAGCGGGATGAGGAGTGCATCACAAATTCAA-
GAGATTTGTGATGCACTCATCCCTTTTTTG-3¢; 2, shBid-486:
5¢-CACCGCGCCGTCCTTGCTCCGTGATTCAAGAGATCACGG
AGCAAGGACGGCGTTTTTTG-3¢. The negative control shRNA
(shNC) was also generated and the oligonucleotides sequence were as
follows: 5¢-CACCGTTCTCCGAACGT GTCACGTCAAGAGAT-
TACGTGACACGTTCGGAGAATTTTTTG-3¢. Transient transfec-
tions with siRNA constructs were carried out using LipofectamineTM

according to the manufacturer’s instruction. The transfection efficiency
was 50–60%.

Image processing and statistical analysis. Real-time single cell
analysis was performed to study the kinetics of Bid distribution; the
cells were labeled with Bid-CFP and MitoTracker Red. In each
experiment, 100–300 confocal images were recorded in a time series.
The images were then analyzed using Zeiss Rel3.2 image processing
software. The Bid-CFP localization in mitochondria was determined
based on the overlap of Bid-CFP and MitoTracker Red fluorescence
images. The cells exhibiting strong punctate staining of Bid-CFP,
which overlapped with the distribution of MitoTracker Red, were
counted as the cells with mitochondrially localized Bid. Untreated
ASTC-a-1 cells usually had very low levels of diffuse Bid-CFP staining
in the cytoplasm exhibiting only low levels of mitochondrial localiza-
tion. At the selected time points, the percentage of cells showing Bid
distribution to mitochondria was assessed by counting the number of
cells exhibiting mitochondrial Bid. Date were collected from n = 150–
200 cells per treatment in 10–15 randomly selected image frames from
three independent experiments.

Data are represented as mean ± SEM. Statistical analysis was
performed with Student’s paired t-test. Differences were considered
statistically significant at P < 0.05.

RESULTS

Localization of NPe6 in ASTC-a-1 cells

To determine the subcellular localization of NPe6 in ASTC-a-1
cells, fluorescence images of NPe6 were acquired using the
LSM confocal microscopy. NPe6 displayed a punctuated

pattern of fluorescence primarily in the perinuclear area
(Fig. 1, left panel). To assess whether NPe6 localizes to the
lysosomes, cells were coincubated with AO, an acidophilic dye

commonly used to localize lysosomes and endosomes. AO also
displayed a punctuate, perinuclear fluorescence (Fig. 1, middle
panel). In the overlay image (Fig. 1, right panel), the NPe6

Figure 1. Localization of NPe6 in ASTC-a-1 cells. ASTC-a-1 cells
were loaded with 33 lMM NPe6 and 0.5 lMM AO. NPe6 (left panel) and
AO fluorescence (middle panel) were visualized by confocal micro-
copy. The overlay fluorescence image (right panel) of NPe6 and AO
indicates that NPe6 is primarily localized in the lysosomes in
ASTC-a-1 cells. Scale bar: 10 lm.
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fluorescence corresponded closely to that of AO, indicating the
lysosomal localization of NPe6 in ASTC-a-1 cells.

NPe6-PDT induces apoptosis in ASTC-a-1 cells

By having established that NPe6 localized preferentially to

lysosomes, we next determined a dose of PDT that would
induce apoptosis. ASTC-a-1 cells were loaded with 33 lMM

NPe6 for 10 h and subsequently irradiated with various light

fluences. Cell viability was analyzed with CCK-8 assay. As
shown in Fig. 2a, the viability of cells was obviously lower
when irradiated with 4 J cm)2 and continued to decrease as

the irradiation fluence increased. However, the viability did
not decrease when only treated with light or NPe6. Therefore,
this PDT protocol (33 lMM NPe6, 4 J cm)2) was chosen for

the further experiments. The states of apoptotic cells induced
by this dose of PDT were analyzed in different time as

indicated. As shown in Fig. 2b, the cell viability decreased
over time.

Characterization of YFP-Bid-CFP in living ASTC-a-1 cells

Activation of Bid was monitored by FRET technique follow-

ing the methods of our previous study using a fusion protein
YFP-Bid-CFP (31), which was constructed by connecting YFP
and CFP to the N terminus and the C terminus of Bid,

respectively (32). At normal condition, CFP and YFP are
covalently linked together, energy can be transferred directly
from CFP to YFP, so fluorescence emitted from YFP can be

detected when CFP is excited. Cleavage of full-length Bid
results in a separation of YFP and CFP, reducing the efficiency
of resonance energy transfer. Acceptor bleaching experiments

Figure 2. NPe6-PDT induces apoptosis in ASTC-a-1 cells. (a) Viabil-
ity of cells irradiated at different fluences as indicated with or without
33 lMM NPe6 was assessed by the CCK-8 assay 6 h posttreatment. The
data represent the mean ± SEM of four independent experiments.
(b) Viability of cells after NPe6-PDT treatment (33 lMM NPe6,
4 J cm)2) at indicated time. The data represent the mean ± SEM of
four independent experiments.

Figure 3. Characterization of Bid FRET probe in living ASTC-a-1
cells. FRET between CFP and YFP was confirmed by acceptor
bleaching technique. (a) YFP was selectively bleached in a single cell by
repeated scanning of the cell area at high laser power at 514 nm. Scale
bar: 10 lm. The experiment was repeated twice. (b) Quantitative
analysis of CFP and YFP fluorescence following the bleaching of YFP.
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were carried out to assess the sensitivity of the FRET probe in
our experimental system. The acceptor fluorophore YFP was
selectively bleached in a single cell area by repeated scanning
with a 514 nm laser (Fig. 3a, YFP). Upon 458 nm laser

excitation, the level of CFP and YFP fluorescence emission
was measured from the photobleached cell and plotted as a
function of time (Fig. 3b). Upon bleaching there was a marked

decrease in the acceptor fluorescence (YFP), which coincided
with an increase in the donor fluorescence (CFP) because of an
inability of the acceptor to accept energy from the donor after

bleaching. Therefore, the increase of CFP fluorescence upon

YFP bleaching confirmed that FRET exists between the two
fluorescent proteins in the Bid-FRET probe in living cells.

FRET analysis of Bid cleavage kinetics in NPe6-PDT-induced

apoptosis

Fluorescence resonance energy transfer was used to monitor
the dynamics of Bid cleavage in ASTC-a-1 cells expressing Bid-
FRET after NPe6-PDT treatment. Figure 4a shows the

FRET, CFP fluorescence emissions and FRET ⁄CFP ratio.
The intensity of CFP increased with time while that of FRET

Figure 4. Dynamics detection of Bid cleavage during NPe6-PDT-induced apoptosis in living cells. (a) Fluorescence image series of FRET and CFP
emission in ASTC-a-1 cells transfected with FRET-Bid after NPe6-PDT treatment. The panels of FRET, CFP and FRET ⁄CFP are shown
separately. Scale bar: 10 lm. (b) Dynamics of FRET, CFP emission intensities and FRET ⁄CFP ratio after NPe6-PDT treatment. (c) Dynamics of
FRET ⁄CFP ratio after different treatments as indicated. Caspase-8 inhibitor Z-IETD-fmk (10 lMM) was added 1 h before PDT treatment and kept
in the medium throughout the experimental process. The data represent the mean ± SEM of three independent experiments. The FRET ⁄CFP
ratio at the first time point is normalized to 1. The FRET ⁄CFP ratio in experiments using untreated transfected cells verifies that the experimental
settings were stable and reliable. (d) Caspase-8 activity was measured by assessing the fluorometric cleavage of IETD-AFC after treatment with
NPe6-PDT. The experiment with TNF-a treatment verifies that 10 lMM Z-IETD-fmk is sufficient to abrogate caspase-8 activation in treated
ASTC-a-1 cells. The data represent the mean ± SEM of four independent experiments.
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decreased after PDT treatment. The ratio of FRET to CFP
fluorescence emission started decreasing about 150 min after
treatment, as shown in Fig. 4b and c. The decrease of the
FRET ⁄CFP ratio indicated that Bid was cleaved.

To determine whether Bid activation induced by NPe6-PDT
was a caspase-8-dependent event, cells were pretreated with
caspase-8 selective inhibitor Z-IETD-fmk for 1 h before PDT

treatment. In the presence of Z-IETD-fmk, the ratio
FRET ⁄CFP was the same as that of NPe6-PDT treated cells,
indicating that Z-IETD-fmk did not block Bid activation

(Fig. 4c). And the enzymatic assay for caspase-8 activity also
demonstrated that caspase-8 was not activated (Fig. 4d). The
results indicate that the Bid cleavage in our experimental

model was caspase-8 independent.

Real-time detection of Bid redistribution induced by NPe6-PDT

To monitor the dynamics of Bid redistribution after being
cleaved by PDT treatment in ASTC-a-1 cells, Bid-CFP

fluorescence image was used to monitor the Bid migration.
Cells were loaded with MitoTracker Red to label the
mitochondria. The typical images of real-time distribution of

Bid-CFP in control nonapoptotic cells are shown in Fig. 5a.
Bid-CFP has a diffuse distribution throughout the cytoplasm,
with little or no evident association with mitochondria.

Figure 5b shows typical spatial and temporal relationships of
Bid-CFP and MitoTracker Red after a PDT treatment. Bid-
CFP translocated to mitochondria from cytoplasm as revealed
by the overlaps of the Bid-CFP and MitoTracker Red

fluorescence images. Quantitative analysis of time-dependent
redistribution of Bid-CFP confirmed these findings (Fig. 5c).

Suppressing Bid blocks cell death induced by NPe6-PDT

To determine whether Bid is a key mediator in NPe6-PDT-
induced apoptosis, siRNA technique was used to suppress the
expression of Bid protein. Four shRNAs constructs, including

shBid-33, shBid-486, shBid-196 and shBid-160 were designed.
The data show that shBid-33 and shBid-486 obviously
suppressed the expression of Bid protein compared with

negative control shNC, whereas shBid-196 and shBid-160
had less effect (Fig. 6a and b). The morphology of cells
expressing shNC, shBid-33 and shBid-486 after NPe6-PDT
treatment was observed using LSM confocal microscopy

Fig. 7a. The fourth panel shows the typical hallmarks of

apoptosis after NPe6-PDT treatment for 6 h. However, a
significant protection against cell death was observed in cells
expressing shBid-33 and shBid-486 (Fig. 7a, the sixth and

Figure 5. Dynamics of Bid translocation to mitochondria during
NPe6-PDT-induced apoptosis in single living cell. (a and b) Typical
time-course confocal images of living ASTC-a-1 cells labeled with Bid-
CFP and MitoTracker Red under different treatment conditions. The
two panels of Bid-CFP and MitoTracker Red are shown separately
and are merged to show the overlay. Bid-CFP localization at
mitochondria was determined based on the overlap of Bid-CFP and
MitoTracker Red fluorescence images. (a) Control cells only treated
with light or NPe6 without Bid translocation over time. (b) Time-lapse
images of Bid-CFP translocation after NPe6-PDT treatment. Scale
bar: 10 lm. (c) Quantification of cells showing mitochondrial Bid-
CFP. At indicated time points, the percentage of cells showing Bid
translocation to mitochondria was assessed by counting the number of
cells exhibiting mitochondrial Bid. Data were collected from 150 to 200
cells per treatment in 10–15 randomly selected image frames from three
independent experiments. Data represent the mean ± SEM.
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seventh panel, and Fig. 7b). These data demonstrate that Bid
plays an important role in NPe6-PDT-induced apoptosis in
ASTC-a-1 cells.

DISCUSSION

Apoptosis has been found to be a prominent form of cell

death in response to PDT for many cells in culture,
evidenced by assays measuring either the fragmentation of
DNA or the condensation of chromatin (3,4,35). PDT
inflicts damage to cells largely via ROS. The ROS travel

only about several tens of nanometers before reacting with a
molecule (5,36). It is clear that the subcellular localization of
the photosensitizer coincides with the primary site of

photodamage. Furthermore, local photodamage to specific
subcellular targets influences the kinetics and regulatory
pathways activated by PDT (5,6,37). It has been reported

that NPe6 was a novel powerful photosensitizer. It is
preferentially accumulated in lysosomes and causes lyso-
somal disruption after irradiation and results in apoptosis

(9,38). However, the cellular signaling from lysosomal
disruption leading to the execution-phase characteristics of
apoptosis should be further explored.

Bid, which was first reported in 1996 and is widely expressed

in various tissues, plays an essential role in apoptosis (23). It

Figure 6. Suppressing Bid using siRNA in ASTC-a-1 cells.
(a) ASTC-a-1 cells were transfected with the same amount of
shBid-33, shBid-486, shBid-196 and shBid-160 and cultured for 36 h.
The levels of endogenous Bid were assessed by immunoblotting.
ShNC was a negative control for shRNA. b-Actin served as a
loading control. (b) Interference effects of shRNAs on Bid expres-
sion. The amounts of Bid in the culture medium were assayed 36 h
after transfection. Densitometric results presented as mean ± SD
are obtained from three separate blots and plotted as a percentage
of the control level.

Figure 7. Suppressing Bid inhibits NPe6-PDT-induced cell death in
ASTC-a-1 cells. (a) Typical time-course confocal images of ASTC-a-1
cells after different treatments as indicated. Scale bar: 10 lm. (b)
Viability of cells after different treatments as indicated. The viability of
cells was assessed by the CCK-8 assay 6 h post-treatment. Data
represent the mean ± SEM of four independent experiments, P-values
for significantly different pairwise comparisons were indicated
(*P < 0.05; N.S., not significant).
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has been established that Bid serves the unique function of
interconnecting the extrinsic death receptors for TNF-a and
Fas to the mitochondrial amplification loop of the intrinsic
pathway (24,27). However, the role of Bid in apoptosis

induced by lysosomal disruption is still controversial. Reiners
et al. (9,10) reported that Bid cleavage contributed to cyto-
chrome c release and procaspase-3 activation in lysosomal

photodamage model of apoptosis in hepatoma cell line 1c1c7.
The results are consistent with that by Cirman et al. (39,40)
who reported that lysosomal proteases cause cytochrome c

release from mitochondria through Bid cleavage. These
evidences suggest that Bid may be an important mediator of
apoptosis. Nevertheless, Bid does not contribute to apoptosis

induced by the lysosomotropic photosensitizers ciprofloxacin
or norfloxacin, as Bid-deficient mouse embryonic fibroblasts
are not protected against mitochondrial membrane permeabi-
lization (41). Moreover, a study employing a model of cystatin

B ⁄Bid double knockout mice shows that the absence of Bid did
not rescue the neurological phenotype caused by constitutional
activation of cathepsins (42). In the present study, we observed

the dynamics of Bid activation and redistribution using real-
time analysis in NPe6-PDT-induced apoptosis. To evaluate the
role of Bid in our experimental model, we employed siRNA

technology to highly suppress the expression of Bid protein
(Fig. 6a and b). The results show that the suppressing of Bid
significantly inhibited apoptosis caused by NPe6-PDT treat-
ment (Fig. 7).

During death receptor-mediated apoptosis, Bid is known to
be cleaved by caspase-8. Reiners et al. (9) reported that
caspase-8 unlikely contributed to Bid cleavage in NPe6-PDT

protocol and TNF-a treatment in murine hapatoma 1c1c7 cells
(43). In NPe6-PDT protocol, the elevations of caspase-8
activity occurred after caspase-3 activation and Bid cleavage

(9). In the absence of FADD in murine hapatoma 1c1c7 cells,
proca-caspase-8 was not activated in response to TNF-a (43).
Similarly, in our study Z-IETD-fmk did not block Bid

activation, demonstrating that caspase-8 did not contribute
to Bid cleavage in NPe6-PDT treatment (Fig. 4c). Lysosomal
extracts and some cathepsins are able to Bid activation in
several cell types following lysosomal disruption (9,39,40).

However, which specific lysosomal protease(s) is responsible
for Bid cleavage is not yet clear. Interestingly, though
caspase-8 was not activated in our experimental model

(Fig. 4d), compared with the results treated with NPe6-PDT,
the addition of Z-IETD-fmk slightly increased the relative
FRET ⁄CFP ratio. The mechanism for this event is not clear;

maybe the Z-IETD-fmk affect the intracellular physiological
condition related to Bid activation. Further studies are needed
to elucidate the mechanism.

Emerging experimental evidences have implicated that

lysosomes play an important role in apoptosis. In the case
of TNF-a, several investigators have reported that the
cytokine stimulates the release of lysosomal protease into

the cytosol. The induction of apoptosis by TNF-a has been
suppressed by pharmacological and molecular modulation of
lysosomal function or stability (22). In H2O2-induced apop-

tosis, lysosomal disruption occurred quickly and preceded
cytochrome c release and loss of DYm (19). In staurosporine-
treated T lymphocytes, cathepsins D triggers Bax activation,

resulting in selective apoptosis-inducing factor relocation
(21). Recent studies reported that PDT employing the

lysosomal photosensiter NPe6 can induce lysosome disrup-
tion and initiate the intrinsic apoptotic pathway (9,11). In our
study, we showed that photosensitizer NPe6 preferentially
localized to the lysosomes in ASTC-a-1 cells (Fig. 1), it

induced Bid activation after a PDT treatment (Figs. 4 and 5),
then activated the downstream apoptotic cascades, hence
leading to cell death.

FRET, a powerful technique, can spatio-temporally mon-
itor cellular events in different physiological conditions at a
single cellular level (44,45). It has been utilized to study enzyme

activity, protein location, protein translocation, small ligand
binding, protein–protein interaction, conformational change
and post-translational modification. This cannot be fully

elucidated by traditional biophysical or biochemical ap-
proaches that only measure the average behavior of cell
populations and the static spatial information available from
fixed cells and thus, cannot provide direct access to cells’ life

events in their natural environment (30). In the present study,
we employed FRET technique to monitor the dynamics of Bid
cleavage after NPe6-PDT treatment. The results clearly show

the spatial and temporal changes of Bid.
In conclusion, we have demonstrated that the activation

of Bid is required in NPe6-PDT-induced apoptosis in ASTC-

a-1 cells. Silencing of Bid could remarkably inhibit cell
death, suggesting that activation of Bid is required for
inducing apoptosis in this experimental model. At the same
time, we also monitored the dynamics of Bid activation and

redistribution in this model using real-time analysis in living
cells. The results show that Bid cleavage occurred
150 ± 5 min after NPe6-PDT treatment, which coincided

with a translocation of tBid from cytoplasm to mitochon-
dria. Our findings specifically contributed to an improved
understanding of the molecular mechanisms in NPe6-PDT

treatment.
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