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Depending on the circumstances, autophagy can be either a protective or damaging cellular process. The role of autophagy in
photodynamic therapy (PDT), a photo-chemotherapy that utilizes light to activate a photosensitizer drug to achieve localized cellular
damage, has been explored in recent years. It has been reported that autophagy in PDT is significantly influenced by the treatment
protocol. In this work, the role of Photofrin, a well-established clinical photosensitizer, in regulating cellular autophagy was investigated.
The effects of Photofrin on cellular autophagy induced by conventional starvation or rapamycin techniques were studied. By fluorescence
imaging, Western blotting and cell viability assays, it was found that Photofrin can effectively inhibit cellular autophagy induced by starvation
or rapamycin. This autophagy blocking is independent of the photosensitizing property of the drug. With Baf-A1, a well-established agent
that inhibits autophagosome from fusing with lysosome, we also found that, the observed phenomenon is not due to accelerated
degradation of existing autophagosomes, thus proving that the drug Photofrin alone, without light excitation, can truly block autophagy.
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In eukaryotic cells, lysosome/vacuole-dependent pathways that
contribute to the degradation of intracellular components are
macroautophagy, microautophagy, and chaperon-mediated
autophagy (Shintani and Klionsky, 2004). Macroautophagy
(hereafter referred as autophagy in this report) can be either a
protective or damaging cellular process that significantly
influences the fate of a cell (Klionsky and Emr, 2000; Shintani and
Klionsky, 2004; Levine and Yuan, 2005). On the one hand,
autophagy can protect cells by enveloping and breaking down
damaged large molecules and organelles, or by providing
intracellular nutrients and energy to those cells under
starvation by decomposing certain intracellular substances. On
the other hand, under certain circumstances, autophagy can
promote a so-called autophagy-death (Kanzawa et al., 2003;
Shimizu et al., 2004; Gonzalez-Polo et al., 2005; Reef et al., 2006;
Xu et al., 2006).

Photodynamic therapy (PDT) is a treatment modality that
utilizes photosensitizers and light to achieve localized biological
damage. Singlet oxygen (1O2) is highly cytotoxic and can oxidize
proteins, lipids, DNA, or other biological molecules, and is
commonly accepted as the predominant agent mediating PDT
cellular damage (Pass, 1993; Fritsch et al., 1998). In tissues, 1O2

typically has a short lifetime (<0.04msec) and a corresponding
small radius of action (<0.02mm) (Moan and Berg, 1991;
Dougherty et al., 1998). It is well established that, depending on
its molecular characteristics, each different photosensitizer has
its unique dominant subcellular localization, for example, Lysyl
chlorine p6 for lysosomes; hypericin for endoplasmic reticulum
(ER); and lysosomes, monocationic porphyrin for membranes;
and porphycene monomer for mitochondria (Dougherty et al.,
1998). The subcellular localization of a photosensitizer is also
influenced by factors such as the time period the drug has been
co-incubated with/administered to the target. As the
subcellular target of a PDT treatment is closely governed by the
localization of the photosensitizer (Pass, 1993; Dougherty et al.,
1998), it is not surprising that different photosensitizers may
evoke different combinations of apoptosis, necrosis, and
autophagy (Buytaert et al., 2007; Kessel, 2007). It has been
reported in recent literature that autophagy can protect cells
from death at lower PDT doses, but as PDT dose increases,
cellular death occurs, typically by apoptosis (Kessel et al.,
2006b). In the absence of apoptosis, cells can die by alternative
available routes including autophagy (Lockshin and Zakeri,
2004; Buytaert et al., 2006a).

Photosensitizers are known to have dark pharmacotoxicity
(effect on cells without being excited by light energy). Given
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appropriate conditions, it is likely that the effects of autophagy
can be influenced by the pharmacotoxicity of a photosensitizer
(Chen et al., 2009). Photofrin is a well-established clinical
photosensitizer that can be predominantly localized in
mitochondria by controlling its co-incubation/administration
time (Triesscheijn et al., 2006; Wu et al., 2006). In this study, the
effect of Photofrin alone on autophagy was investigated.

Many techniques exist for monitoring cellular autophagy
(Klionsky et al., 2008). In this study, using GFP-LC3 labeled
autophagosome fluorescence, the LC3 conversion (Western
blotting) and the corresponding cell viability assay, it was found
that Photofrin alone, without light excitation, can effectively
inhibit cellular autophagy induced by starvation or rapamycin.
As autophagy is a dynamic multi-step process (Klionsky and
Emr, 2000; Klionsky et al., 2008), the effect of Photofrin on
autophagy was also investigated by blocking the fusion of
autophagosomes with lysosomes with Bafilomycin A1 (Baf-A1).
It was found that Photofrin blocks the formation, rather
than accelerates the degradation, of autophagosomes. As a
supplementary study, the inhibitive properties of Photofrin on
autophagy were also tested in in vitro PDT for its potential
impact on biological outcomes of the treatment.
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Materials and Methods
Cell culture and transfection

Human lung adenocarcinoma (ASTC-a-1) and human cervical
carcinoma (HeLa) cells were cultured in Dulbecco’s modified Eagle
medium (DMEM, GIBCO, Grand Island, NY) supplemented with
10% fetal calf serum (FCS), penicillin (100 units/ml), and
streptomycin (100mg/ml) in 5% CO2, 95% air at 378C in a
humidified incubator.

The plasmid, rat microtubule-associated protein light chain 3
(LC3) inserted into pEGFP-C1 (Clontech, Palo Alto, CA, USA) and
pBabe-puro vectors (GFP-LC3, a kind gift from Professor Marja
Jäättelä, Apoptosis Department, Institute of Cancer Biology,
Danish Cancer Society, Denmark) (Kabeya et al., 2004; Hoyer-
Hansen et al., 2007), was transfected using the LipofectamineTM

2000 Reagent (Invitrogen, Carlsbad, CA) according to the
manufacturer’s protocol. ASTC-a-1 cells that stably expressed
GFP-LC3 protein were selectively obtained for the study with
G418 (0.8 mg/ml, Sigma–Aldrich, St Louis, MO).

Autophagy inducers and inhibitors

A cellular autophagy model was established by subjecting cells
to either dual starvation of amino acid and serum, or 100 nM
rapamycin (Alexis Biochemicals, Lausen, Switzerland). Both
techniques are well established for autophagy induction.

To date, there are no clearly defined autophagy inhibitors.
Most of the so-called autophagy inhibitors have complex effects
on cellular pathways. Nevertheless, 3-methyladenine (3-MA,
Sigma–Aldrich) and Baf-A1 (Sigma–Aldrich), are currently
accepted as standard autophagy inhibitors and were used in the
current study (5 mM and 10 nM, respectively). They were added to
the culture 30 min before each corresponding experiment.

Cell viability assay

Cell Counting Kit-8 (CCK-8, Dojindo Laboratories, Kumamoto,
Japan) was used in the current study to evaluate cell viability after
various treatments. Optical density (OD) was directly read using an
automatic plate reader (Tecan infinite M200, Grodig, Austria) from
each microplate well. The value was normalized to that of the
untreated cells from the same plate.

Fluorescence imaging assays

Cells transfected with GFP-LC3 were observed by fluorescence
imaging assays were used as an indicator to monitor the production
of autophagosomes in real time. Briefly, cells were cultured on
coverslips and maintained at 378C and 5% CO2 throughout each
experiment in a mini-incubator (CTI-Controller 3700, Zeiss, Jena,
Germany) built on the microscope stage. The time series of
the fluorescence were imaged with a commercial laser scanning
microscope combination system (LSM 510, Zeiss) equipped with a
Plan-Neofluar 100�/1.3 NA Oil objective. The GFP fluorescence
was excited at 488 nm with an Argon ion laser and the emission was
recorded through a 500–550 nm band-pass filter. To minimize the
undesired photodynamic effects caused by the 488 nm light used
for image collection, a well-established singlet oxygen quencher,
Dehydro-L-(þ)ascorbic acid dimer (DHA, 3.5 mM, Sigma–Aldrich),
was added to the samples that were used for monitoring the effect
of Photofrin on the production of autophagosomes induced by
starvation.

To identify the subcellular localization of Photofrin, cells were
incubated with Photofrin (20mg/ml, Axcan Pharma Ltd, Dublin,
Ireland) in the dark for 16 h. Then, the cells were co-loaded with
100 nM MitoTracker deep red 633 (Molecular Probes, Eugene, OR,
USA), which localizes in cell mitochondria, for 15 min. Prior to
imaging, cells were washed three times with DMEM and maintained
in the final fresh replacement of culture medium. Confocal images
of Photofrin fluorescence from the cells were obtained using a
488 nm excitation light from an argon laser and a 600–650 nm
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band-pass barrier filter. Images of MitoTracker deep Red 633
fluorescence from the cells were obtained using a 633 nm
excitation light from the He–Ne laser and a 650-nm long-pass filter.
Control studies were performed to assure that there was no
crossover of the signals. In specific, the fluorescence of
MitoTracker is negligible when the excitation and imaging
collection was set for Photofrin fluorescence, and vice versa.

Western blotting

Briefly, after a treatment of starvation for 1 h or rapamycin for 2 h,
cells were washed three times with pre-cooled PBS and then
harvested. The cells were lysed in a buffer containing 50 mM Tris
(adjusted to pH 8.0 with HCl), 150 mM NaCl, 1% TritonX-100,
100mg/ml PMSF, and 1� protease inhibitor cocktail set I
(Calbiochem, San Diego, CA, USA). The samples were separated
by 15% SDS–polyacrylamide gel electrophoresis and transferred
onto PVDF membrane. The resulting membrane was blocked with
5% skim milk, incubated with designated primary and secondary
antibodies. The following antibodies were used for immunoblot:
anti-MAP1-LC3 (Novus Biologicals, Littleton, CO, USA),
anti-b-actin (Santa Cruz Biotechnology, Santa Cruz, CA, USA),
IR-Dye1800CW anti-rabbit IgG (Rockland, Gilbertsville, PA), and
Alexa Fluor 6801 goat anti-mouse IgG (Molecular Probes). The
signals were detected with an ODYSSEY Infrared Imaging System
(LI-COR, Lincoln, NE, USA) and the gray value of protein bands
quantified with Photoshop (Adobe, San Jose, CA) was used to
determine the ratio of LC3-II/Actin.

PDT treatment

Since Photofrin is a clinical photosensitizer, the effects of its
potential intrinsic autophagy blocking properties on treatment
were investigated. Cells were cultured in 96-well microplates at
a density of 5� 103 cells/well or on coverslips for 12–24 h, then
co-incubated with Photofrin (5mg/ml) for 16 h. Prior to a light
irradiation, cells were washed three times with DMEM and
maintained in the final fresh replacement of culture medium. For
PDT light irradiation, two types of light source were utilized.
A semiconductor laser (NL-FBA-2.0-635, nLight Corporation,
Shanghai, China, 635 nm with maximum output of 2 W) was used
for cell viability assay, and a He–Ne laser (0.76mW, 633 nm, built-in
component of the laser scanning microscope system) was used for
confocal study. The cells were irradiated at 10 mW/cm2 for various
times at room temperature.

Experimental procedures

To evaluate the effects of Photofrin alone on autophagy, cells were
cultured in DMEM overnight to allow it to adhere, then co-
incubated with Photofrin (5mg/ml) for 16 h in the dark, and finally
subjected to EBSS starvation, rapamycin, or PDT treatment, as
described above. After the treatments, autophagy of the processed
cells was directly or indirectly evaluated by using cell viability assay,
fluorescence imaging technique, and Western blotting.

Data analysis

To evaluate the production of autophagosomes in the fluorescence
imaging results, GFP-LC3 puncta were counted or the pixels of the
GFP-LC3 conglomeration were assessed with Photoshop when
Baf-A1 was used as an inhibitor. Each data set was collected from at
least two independent experiments, with a minimum of 7 cells
per experiment. The P-value was analyzed with a student t-test.
The absolute number of LC3 puncta itself may not be the best
presentation of autophagosomes, as there are reported false-
positive in previous studies (Kuma et al., 2007). On the other hand,
changes in the number of puncta, once a cell is subjected to
autophagy, is a much more reliable indicator for the status of
autophagosomes (Klionsky et al., 2008). Therefore, the increase of
GFP-LC3 puncta after an autophagy inducer added was selected as
the autophagy indicator for this article.
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Results
Subcellular localization of Photofrin

Over years of research and clinical work, it has been well
established that mitochondria are a significant binding site for
Photofrin (Wilson et al., 1997). This requires a typical in vitro
co-incubation/in vivo administration time of around 16–24 h
(Wilson et al., 1997; Dougherty et al., 1998). The subcellular
localization of Photofrin in our experiment was investigated
with fluorescence imaging for the cell lines in use. As shown in
Figure 1, after 16 h of co-incubation, the subcellular localization
of Photofrin is closely related to that of mitochondria, while its
presence in cell membrane is also demonstrated. This is
consistent with previous reports by this and other laboratories
(Wilson et al., 1997; Wu et al., 2006). Commercial Photofrin is
purified to be around 85% oligomeric materials with a small
percentage of non-fluorescent aggregates (Hennessey et al.,
2003). It has been reported that some of the non-fluorescent
aggregates may be decomposed into fluorescent components
after being taken up by cells (Croce et al., 2002). Nevertheless,
it cannot be completely excluded that certain non-fluorescent
aggregates may still exist in the cells and their subcellular
localization is not identified by the presented fluorescence
images.

Effect of DHA on autophagy

In the current study, DHA was used to minimize the
photodynamic effect produced by the scanning laser during
confocal microscopy study. As Scherz-Shouval et al. (2007)
reported, reactive oxygen species (ROS) are essential for
autophagy by regulating Atg4. The potential effect of DHA on
the production of autophagosomes induced by starvation or
rapamycin was investigated as part of our preliminary study to
establish the conditions for the experiments. As shown in
Figure 2, the inhibitory effect of DHA on the autophagosome
production was minimal under starvation conditions
(Fig. 2A and B), while it was almost unaffected under rapamycin
treatment (Fig. 2C and D). This minor difference is likely due to
the fact that rapamycin is a much milder autophagy inducer
compared to starvation, as reported by Kawai et al. (2006).
Given the circumstances, in the following study, DHA was only
used in the fluorescence imaging assay when the stimulator was
starvation but not in any other studies. Furthermore, to exclude
a role of DHA in autophagy inhibition process, the inhibitory
effect of Photofrin on autophagy was confirmed with cell
viability assay and Western blotting, free of DHA, and light
irradiation.
Fig. 1. Subcellular localization of Photofrin. Fluorescence imaging of AST
corresponding overlay (right). The arrow indicates the position of cell me
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Inhibitive effect of Photofrin on autophagy

Autophagosome images were collected from cells subjected to
starvation or rapamycin. As shown in Figure 3, autophagosome
formation increased within 20 min after starvation and reached
its peak at 40 min. When the cells were pre-treated with
Photofrin and then subjected to the same starvation process,
there was little autophagosome formation during the same
period of time (Fig. 3B and E). The absence of autophagosome
formation continued for up to 150 min, suggesting that the
effect of the Photofrin is not a mere delaying of the
autophagosome formation. A similar autophagosome inhibition
effect by Photofrin was also observed with rapamycin
(Fig. 3D and F).

By utilizing Baf-A1, the inhibitive effect of Photofrin on
autophagy was further verified. In our preliminary study, Baf-A1
alone had no significant effect on the GFP-LC3 puncta for the
cells cultured in nutrient culture (data not shown). As
Figure 4A and C shows, Baf-A1 resulted in an accumulation of
GFP-LC3 labeled autophagosomes/autolysosomes by inhibiting
the fusion of autophagosomes with lysosomes. However, when
the cells were pre-treated with Photofrin, the extent of the
accumulation was clearly reduced (Fig. 4B and E, D and G). This
indicates that Photofrin inhibits the production, rather than
accelerates the degradation, of autophagosomes.

As a secondary verification of the inhibitory effect of
Photofrin on autophagy, Western blotting assay with an LC3
antibody was used to monitor the conversion of LC3-I to LC3-II
after various treatments. As demonstrated in Figure 5,
Photofrin could inhibit the conversion of LC3-I to LC3-II
induced whether by starvation or by rapamycin treatment.
With Baf-A1, the degradation of autophagosomes was reduced,
thus resulting in an accumulation of LC3-II. By adding Photofrin
into the above Baf-A1 study, there was a clear reduction of LC3-
I to LC3-II conversion. This is an independent confirmation that
Photofrin inhibits the production of autophagosomes rather
than accelerates the degradation of autophagosomes. The
results from the Western blotting experiments are in complete
agreement with the results of fluorescence imaging.

The effects of starvation, Baf-A1, and Photofrin were
investigated with CCK-8 assay. Cell viability evaluated 5 days
after 20 or 24 h starvation decreased significantly in both ASTC-
a-1 and HeLa cells, respectively. By treating the cells with Baf-A1
prior to the starvation, the cell viability further decreased
(Fig. 6A). This clearly suggests that the inhibition of autophagy
has reduced the self-protective capability of the cells. In
Figure 6A, it is demonstrated that Photofrin alone, at the
concentration used in the study, had negligible cytotoxicity.
C-a-1cells loaded with MitoTracker Red (left), Photofrin (middle), and
mbrane. Scale bar U 10mm.



Fig. 2. Effect of DHA on autophagy. Effect of DHA on the production of autophagosomes induced by starvation (A,B) or rapamycin (C,D) in
ASTC-a-1 cells, with B and D showing the corresponding numbers of GFP-LC3 puncta per cell. Each data is from two independently experiments,
and at least 7 cells, P-value is evaluated by student t-test. Scale bar U 10mm.
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When the cells were co-incubated with Photofrin during the
starvation, the viability of both cell lines was significantly
reduced (Fig. 6A and B).

As described above, Photofrin can inhibit the formation of
autophagosome and the conversion of LC3-I to LC3-II induced
by EBSS starvation or rapamycin in ASTC-a-1 cells (Figs. 3–5).
To test if this inhibitory effect is not a cell-type specific event,
the same studies were repeated with HeLa cells. The results
clearly demonstrate that the autophagy inhibition effect of
Photofrin is also true for the HeLa cells, as shown in the
supplemental Figures 1–3.

Autophagy in Photofrin-mediated PDT

The effect of 3-MA and Baf-A1 on Photofrin-mediated PDT, as
evaluated with CCK-8 assay, is summarized in Figure 7. Each
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data set is normalized to that of untreated cells. The inhibitors
showed little effect on the cell viabilities for the PDT treatment
(One Way ANOVA followed by a post hoc Tukey’s test).
Figure 8 is a representative imaging sequence of in situ
autophagosomes before and after a PDT treatment. These
images demonstrate that, up to the death of the cells, there was
no observable autophagosome formation.

Discussion

Depending on the circumstances, autophagy can serve as either
a cellular survival or death pathway. For example, it is generally
accepted that during nutrient deprivation and other forms
of cellular stress including that from ROS, autophagy is
pro-survival (Levine, 2005; Kaushik and Cuervo, 2006; Massey
et al., 2006; Ogata et al., 2006). On the other hand, by utilizing



Fig. 3. Inhibitive effect of Photofrin on autophagy. Representative autophagosome fluorescence imaging sequences from ASTC-a-1 cells
subjected starvation or rapamycin only (A and C) and that pre-treated with Photofrin followed by starvation or rapamycin (B and D), with E and F
showing corresponding numbers of GFP-LC3 puncta per cell. Each data is from two independently experiments, and at least 7 cells, P-value is
evaluated by student t-test. Scale bar U 10mm.
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the ER-associating photosensitizer hypericin, Buytaert et al.
(2006a,b) report that, by inhibiting apoptotic pathways, HeLa
cells experience a sustained autophagy that ultimately leads to
cell death. Kessel et al. (2006a,b) report that, with yet another
ER-associating photosensitizer porphycene CPO, autophagy in
PDT can either promote cellular survival or death, depending
on the extent of PDT damage. It is well established that
photosensitizers with different subcellular localization have
different mechanisms to destroy target cells (Pass, 1993;
Dougherty et al., 1998). For photosensitizers from different
pharmacological categories, the effects of autophagy and its role
in cellular pathways are likely to be complex and need to be
investigated accordingly.

In the current study, the most important report is that
Photofrin itself, without light activation as in a typical PDT
treatment, can be an effective autophagy inhibitor. With
JOURNAL OF CELLULAR PHYSIOLOGY
fluorescence imaging, we have observed that autophagosome
formation can start as early as 20 min after cells are subjected to
starvation. Autophagy plays a significant role in protecting cells
from damage caused by starvation. This is evidenced by the fact
that autophagy inhibitor Baf-A1 could induce additional cell
damage during extended starvation. Although Photofrin could
also reduce cell viability in cellular starvation, its mechanism
is somewhat different from that of Baf-A1. By fluorescence
imaging and Western blotting assay, it has been observed
that Photofrin can reduce the GFP-LC3 puncta and LC3-II
conversion induced by starvation and rapamycin, indicating that
Photofrin possesses an autophagy inhibition property.
However, in comparison with Baf-A1, Photofrin blocks
autophagy by inhibiting the formation of autophagosomes,
rather than inhibiting the fusion between lysosomes and
autophagosomes.



Fig. 4. Inhibitive effect of Baf-A1 on aggregates of autophagosomes. Baf-A1 inhibition of the degradation of autophagosomes induced by
starvation (A and B) or rapamycin (C and D) when Photofrin was absent (A and C) or present (B and D) in ASTC-a-1 cells, with E and G
showing corresponding numbers of pixel counts of GFP-LC3 conglomeration per cell. And F is a representative for analysis of the aggregates
of autophagosones. Each data is from two independently experiments, and at least 7 cells, P-value is evaluated by student t-test.
Scale bar U 10mm.
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Although we have demonstrated that the autophagy
inhibition effect of Photofrin is independent of PDT, it is natural
to test how Photofrin affects autophagy in PDT. The autophagy
inhibition property of Photofrin was tested with in vitro PDT.
Fluorescence imaging was used to monitor autophagosomes in
situ during PDT treatment. Regardless of the irradiation light
fluence, there was no autophagosome generation in the treated
cells up to their PDT death. Furthermore, autophagy inhibitors
3-MA and Baf-A1 had little effect on the biological outcome of
Photofrin-medicated PDT in vitro. This evidence further
supports our hypothesis that the photosensitizer Photofrin
itself is an effective inhibitor of autophagy. To the best of our
knowledge, the current study is the first report of autophagy
investigation with Photofrin. The absence of autophagy in
Photofrin-mediated PDT is contradictory to what has been
reported in other photosensitizers. Evidently, there are several
literature reports that autophagy does occur after PDT
mediated by various photosensitizers (Buytaert et al., 2006a;
Kessel et al., 2006b; Kessel and Reiners, 2007; Xue et al., 2007).
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The lack of autophagy in Photofrin-mediated PDT is attributed
to the fact that Photofrin itself may be an autophagy inhibitor.
This difference between Photofrin and photosensitizers of
other chemical nature may have an important impact on the
future research of PDT.

The effect of Photofrin on autophagy is likely to be a complex
issue and attributed to several factors that are yet to be
explored, specifically that Photofrin alone can induce a number
of enzymes that may impact cellular events (Gomer et al., 1991).
One of the most probable mechanisms may relate to the fact
that, given proper co-incubation/administration time, Photofrin
is predominately localized on mitochondria. It has been
traditionally assumed that mitochondria turnover is a result of
cellular autophagy (Rodriguez-Enriquez et al., 2006; Kim et al.,
2007). By blocking caspases in eukaryotic cells to prevent the
cells from rapidly developing apoptosis, it was found that
mitochondria could be selectively eliminated by autophagy
(Xue et al., 2001; Tolkovsky et al., 2002). Similarly, by examining
CHO-K1 cells transfected with a mitochondrial matrix green



Fig. 5. Effects of different treatments on conversion of LC3-I to
LC3-II. Western blotting assay to detect the LC3-I to LC3-II
conversion after ASTC-a-1 cells were subjected to starvation (A)
or rapamycin (B) combined with various treatments: Photofrin (pf),
starvation (Star), rapamycin (Rap), and Bafilomycin-A1 (Baf-A1).
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fluorescent protein (mtGFP), it was shown that the extent of
autophagy induced via several different means is directly related
to the degradation of mtGFP (Kawai et al., 2006). These results
clearly demonstrate the involvement of mitochondria in
Fig. 6. InhibitiveeffectsofPhotofrinandBaf-A1onstarvedcell viabilities. (
a-1 and HeLa cells subjected to combinations of Photofrin (pf), starvation
conducted 5 days after starvation. Data are representative of four indepen
between groups (student t-test, P < 0.001). (B) Optical microscopy image o
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autophagy, yet the actual role of mitochondria is not clearly
defined. Combining the results of the current study that
Photofrin can completely block autophagosome production
and the known fact of its significant co-localization with
mitochondria, it is reasonable to propose that mitochondria
may be an active component in regulating autophagosome
generation, rather than a mere downstream event of the
process. Clearly, this speculation requires further in-depth
investigation for its validation.

In conclusion, the current study has investigated the effect of
a clinical drug Photofrin on autophagy. It is demonstrated that
Photofrin has a clear inhibitive effect on cellular autophagy
induced by various stimuli. Presently, most of the currently
available autophagy inhibitors are not fit for in vivo applications.
Although it has several known side effects such as prolonged
skin sensitization, Photofrin is a well-established clinical
drug with abundant pharmacokinetic data and application
experience. It is reasonable to suggest that Photofrin may be a
candidate as an autophagy inhibitor and it is justified for future in
vivo research.
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