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Abstract: Objective: This study is to investigate the antitumor effects and possible mechanisms of chlorin e6-me-
diated photodynamic therapy (Ce6-PDT) on human colon cancer SW480 cells. Methods: SW480 cells were treated 
with Ce6, followed by photodynamic irradiation. Subcellular localization of Ce6 in SW480 cells was observed with 
confocal laser scanning microscopy (LSCM). Reactive oxygen species (ROS) levels were monitored with fluores-
cence microscopy. Cell proliferation and apoptosis were detected by the MTT assay and flow cytometry, respectively. 
Scratch test and colony formation assay were employed to analyze the cell migration ability and colony formation 
ability. Results: LSCM showed that, in SW480 cells, Ce6 was evenly distributed within the ER and lysosomes, with 
nearly no distribution in the mitochondria and nuclei. When SW480 cells were subjected to Ce6-PDT, the ROS levels 
would be elevated, in a dose-dependent manner. Moreover, Ce6-PDT treatment could inhibit the cell proliferation 
and enhance the apoptotic process, in SW480 cells. However, Ce6 treatment alone without photodynamic irradia-
tion could not induce any significant differences in the cell proliferation and apoptosis. In addition, the migration 
ability and colony formation ability of SW480 cells were decreased by Ce6-PDT treatment at appropriate dosages. 
Conclusion: Ce6-PDT treatment could enhance ROS production and apoptosis, inhibit cell proliferation, decrease 
migration ability and colony formation ability, in SW480 cells, in a dose-dependent manner. These findings might 
provide experimental evidence for the application of Ce6-PDT in clinical treatment of colorectal cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer, and ranks the fourth leading cause 
of cancer-related mortality, throughout the 
world. There are more than 1.2 million new 
cases and 0.6 million deaths due to CRC each 
year [1]. At present, surgical resection is the 
most common curative therapy for CRC. The 
patient survival rate is related to the clinical 
stage of the cancer at diagnosis, and the 5-year 
relative survival is about 65% [2]. However, the 
relative survival rate of patients with unresect-
able metastatic lesions drops to less than 5% 
[3]. Moreover, treatment options are extremely 
limited in cases of patients with chemotherapy 
resistance, peritoneal carcinomatosis, and 
other poor conditions. Therefore, novel thera-
peutic strategies are still needed for refractory 
CRC cases. 

In recently years, photodynamic therapy (PDT) 
has been considered as a promising anticancer 
modality in addition to traditional surgery and 
chemotherapy treatments. With PDT, photosen-
sitizers are first systematically or topically 
administrated, and then excited by specific light 
wavelengths. The energy is transferred to oxy-
gen to induce reactive oxygen species (ROS) 
production. When photosensitizers accumu-
late, subcellular damages would occur, which 
might result in apoptosis and/or necrosis [4, 5]. 
Based on the preferential accumulation of pho-
tosensitizers, PDT provides improved selectivity 
in targeting tumors [6]. Moreover, since PDT 
causes essentially no effects on connective tis-
sues, the anatomical integrity of hollow organs, 
including the colon, could be preserved in 
patients undergoing PDT [7]. Chlorin e6 (Ce6) is 
a second-generation photosensitizer with a 
strong absorption in the red spectrum of light, 
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which could be readily synthesized from chloro-
phyll. Remarkable clinical benefits have been 
obtained with C6-mediated PDT (Ce6-PDT) in 
the treatment of various cancers, including 
melanoma, bladder cancer, and nasopharyn-
geal cancer [8-11]. 

In the present study, effects of Ce6-PDT on the 
ROS level, cell proliferation and apoptosis, 
migration ability, and clone formation ability in 
human colon cancer SW480 cells were investi-
gated. Our findings might provide theoretical 
and experimental basis to support Ce6-PDT in 
treating CRC.

Materials and methods

Cell line and cell culture

SW480 colon cancer cells were purchased 
from Nanjing KGI Biotechnology Co., Ltd, 
Nanjing, Jiangsu, China. These cells were cul-
tured with Leibovitz’s L-15 medium (Gibco, 
GrandIsland, NY, USA) containing 10% fetal 
bovine serum (FBS; Gibco), 2 mmol/L gluta-
mine, 100 U/ml penicillin, and 100 µg/ml strep-
tomycin (all from Thermo Scientific, Waltham, 
MA, USA), in a 37°C, 5% CO2 humidified incuba-
tor. Cells were passaged every 2-3 d, and cells 
in the logarithmic growth phase were used for 
the experiments.

Photosensitizer preparation and PDT proce-
dure

Chlorin e6 (Ce6; Frontier Scientific Inc., Logan, 
UT, USA) was dissolved in PBS (pH 7.4) in dark, 
and stored at -20°C. SW480 cells were incu-
bated with Ce6 at indicated concentrations 
(e.g., 0, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 
μg/ml), and then subjected to the photodynam-
ic irradiation from a semiconductor laser (at the 
Key Laboratory of Optoelectronic Technology, 
Northwestern University, Xi’an, Shaanxi, China), 
with 32 mW output power at the light wave-
length of 650 nm, giving an irradiation dosage 
of 6 J/cm2. After the treatments, these cells 
were cultured until further experiments. 

Laser scanning confocal microscopy (LSCM)

Subcellular localization of Ce6 in SW480 cells 
was detected with LSCM. Briefly, SW480 cells 
were planted onto the confocal laser dish at a 
density of 5 × 104 cells/mL, and cultured for 24 
h. After treated with 0.5 μg/ml Ce6 for 8 h, 

these cells were washed with PBS, and then 
incubated with 1 μmol/L ER-Tracker™ Green, 
50 nmol/L LysoTracker Deep Red, and 100 
nmol/L MitoTracker Green FM (all from Life 
Technologies, Gaithersburg, MD, USA), respec-
tively, in dark at 37°C for 30 min, to label ER, 
lysosomes, and mitochondria. After washed 
with PBS, the cells were observed under LSCM 
(Leica, Heidelberg, Germany) with emission 
wavelengths of 514 nm, 488 nm, and 647 nm.

ROS level measurement

ROS levels were assessed with the kit from 
Beyotime (Haimen, Jiangsu, China), according 
to the manufacturer’s instructions. SW480 
cells were seeded onto a 6-well plate as a den-
sity of 5 × 104 cells/ml, and cultured for 24 h. 
After the Ce6-PDT treatment, these cells were 
treated with 2’, 7’-dichlorofluorescin diacetate 
(DCFH-DA; 1:1000 diluted in serum-free culture 
medium) at 37°C for 20 min. SW480 cells free 
from intervention were used as the blank con-
trol, cells treated with 0.5 µg/ml Ce6 without 
photodynamic irradiation were used as the neg-
ative control, and cells treated with ROS induc-
er were used as the positive control. The fluo-
rescence was observed under an inverted 
fluorescence microscope (IX71; Olympus, 
Tokyo, Japan), and Image J software was used 
for the fluorescence intensity analysis.

MTT assay

SW480 cells were seeded onto a 96-well pla- 
te in 200 μL medium, at a density of 3 × 104 
cells/ml, and cultured for 24 h. After the Ce6-
PDT treatment, these cells were incubated with 
5 mg/ml MTT (Sigma, St. Louis, MO, USA) for 4 
h. Then 100 μL DMSO (Sigma) was added, and 
the cells were shaken for 10 min. Absorban- 
ce (OD) at 570 nm was read on a microplate 
reader (BioRad, Hercules, CA, USA), and the  
cell survival rate was calculated according to 
the following equation: Cell survival rate (%)  
= 1-(ODcontrol-ODtreatment)/(ODcontrol-ODmedium) × 
100%.

Annexin-V/PI staining and flow cytometry

SW480 cells were seeded onto a 6-well plate at 
a density of 4 × 105 cells/well. After the Ce6-
PDT treatment, cells were collected and re-sus-
pended in 100 μl binding buffer. Cells were 
stained with 20 μL annexin V/PI (Roche, Basel, 
Switzerland) in dark for 20 min, and then cell 
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apoptosis was detected by the flow cytometer 
(Beckman Coulter, Miami, FL, USA).

Scratch test

The cell migration ability was assessed by the 
scratch test. SW480 cells were seeded onto a 
24-well plate at a density of 2 × 105 cells/ml, 
and cultured for 24 h. The linear scratch was 
made with a 10-μl sterile pipette tip, and then 
the cells were subjected to the Ce6-PDT treat-
ment. After 48 h, scratch wound healing was 
observed under microscope.

Colony formation assessment

SW480 cells were seeded onto a 24-well plate 
at a density of 4 × 102 cells/ml. Following the 
Ce6-PDT treatment, these cells were further 
cultured for 1-2 w. After washing with PBS, cells 
were subsequently fixed with 5 ml methanol for 

20 min and stained with Giemsa staining solu-
tion for 30 min. The stained cells were washed 
with running water and dried up in air, and then 
observed under microscope. Colony with more 
than 50 cells were counted, and the colony for-
mation rate was calculated according to the fol-
lowing equation: Colony formation rate (%) = 
(Number of colony formation /Number of seed-
ed cells) × 100%.

Statistical analysis

Data were expressed as mean ± SD. SPSS19.0 
software was used for statistical analysis. The 
t-test was used for the pairwise comparisons, 
and ANOVA was used for the multiple compari-
sons. The LSD test was performed for the inter-
group comparison, and the Kruskal-Wallis H 
test was applied in case of non-normal distri- 
bution. P < 0.05 was considered statistically 
significant. 

Figure 1. Subcellular localization of Ce6 in human colon cancer SW480 cells. SW480 cells were cultured incubated 
with 0.5 μg/ml Ce6 for 8 h, and then stained with 1 μmol/L ER-Tracker™ Green, 50 nmol/L LysoTracker Deep Red, 
and 100 nmol/L MitoTracker Green FM, respectively, in dark for 30 min. The subcellular distribution of Ce6 (red), ER 
(green in the upper panel), lysosomes (blue in the middle panel), and mitochondria (green in the lower panel) were 
detected with LSCM. Scale bar, 25 μm.
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Results

Subcellular localization of Ce6 in human colon 
cancer SW480 cells

The subcellular localization of Ce6 in human 
colon cancer SW480 cells was first investigat-
ed. SW480 cells were incubated with 0.5 µg/ml 
Ce6 for 8 h. LSCM showed that Ce6 was evenly 

distributed within the ER and lysosomes.  
In contrast, Ce6 was hardly located in the  
mitochondria and nuclei (Figure 1). In the fol-
lowing experiments, the effects of Ce6-
mediated photodynamic therapy (Ce6-PDT) on 
the ROS level, cell proliferation and apoptosis, 
migration ability, colony formation ability, in 
human colon cancer SW480 cells were in- 
vestigated.

Figure 2. Effects of Ce6-PDT on the ROS level in human colon cancer SW480 cells. A. SW480 cells were treated 
with Ce6 at 0, 0.125, 0.25, 0.5, and 2.0 μg/ml, respectively, followed by photodynamic irradiation at 650 nm (6 J/
cm2). SW480 cells free from intervention were used as the blank control, cells treated with 0.5 μg/ml Ce6 without 
photodynamic irradiation were used as the negative control, and cells treated with ROS inducer were used as the 
positive control. The ROS level was measured with fluorescence probe. B. Statistical analysis of the fluorescence 
intensities indicating ROS level in SW 480 cells. Compared with the blank control group, *P < 0.05; compared with 
the previous group, #P < 0.05.
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Ce6-PDT increases ROS level in human colon 
cancer SW480 cells

The effects of Ce6-PDT on the ROS level in 
human colon cancer SW480 cells were next 
investigated. These SW480 cells were incubat-
ed with Ce6 at the concentrations of 0, 0.125, 
0.25, 0.5, and 2.0 µg/ml, respectively, and 
then subjected to the photodynamic irradiation 
at 650 nm, with an irradiation dose of 6 J/cm2. 
After the treatment, the ROS levels in SW480 
cells were measured. SW480 cells free from 
intervention were used as the blank control, 
cells treated with 0.5 µg/ml Ce6 without photo-
dynamic irradiation were used as the negative 
control, and cells treated with ROS inducer 
were used as the positive control. Our results 
indicated that, compared with the blank control 
group, the ROS levels were significantly 
increased in the Ce6-PDT groups (Figure 2; P < 
0.05). Moreover, within the Ce6-PDT-treated 
groups, the ROS level was elevated along with 
the increasing treatment concentrations of Ce6 
(Figure 2B), with statistical significance (P < 
0.05). These results suggest that the Ce6-PDT 
treatment could significantly increase the ROS 
level in human colon cancer SW480 cells, in a 
dose-dependent manner. 

Ce6-PDT inhibits proliferation of human colon 
cancer SW480 cells

To investigate the effects of Ce6-PDT treatment 
on SW480 cell proliferation, these cells were 
treated with Ce6 (0, 0.125, 0.25, 0.5, 1.0, 2.0, 
4.0, and 8.0 µg/ml, respectively) and the sub-
sequent photodynamic irradiation, and then 
MTT assay was performed. SW480 cells treat-
ed with Ce6 at corresponding concentrations 
without photodynamic irradiation were used as 
controls. Our results showed that, photodynam-
ic irradiation alone could not influence the cell 
survival rate. On the other hand, without photo-
dynamic irradiation, different treatment con-
centrations of Ce6 did not result in significant 
differences in the cell survival rate, either. 
Importantly, the survival rates of SW480 cells 
treated with Ce6-PDT were dramatically de- 
creased compared with corresponding controls 
(Figure 3A). Moreover, the cell survival rate 
exhibited a declining trend when Ce6 treatment 
concentration increased in the Ce6-PDT groups 
(Figure 3A). These results suggest that Ce6-
PDT treatment could inhibit the proliferation of 
human colon cancer SW480 cells, in a dose-
dependent manner.

Ce6-PDT promotes apoptosis of human colon 
cancer SW480 cells

To further investigate the effects of Ce6-PDT 
treatment on the apoptosis of SW480 cells, 
these cells were subjected to the Ce6-PDT 
treatment, and then the annexin-V/PI staining 
and flow cytometry analysis were performed. 
SW480 cells treated with Ce6 at corresponding 
concentrations without photodynamic irradia-
tion were used as controls. Our results showed 
that, Ce6 treatment alone did not lead to sig-
nificant differences in the apoptosis rate of 
SW480 cells. The apoptosis rates of SW480 
cells treated with Ce6-PDT were dramatically 
increased compared with corresponding con-
trols (Figure 3B, 3C; except for the groups treat-
ed with 0 µg/ml Ce6-PDT, P < 0.05). Besides, 
the apoptosis rates of SW480 cells were 
enhanced along with the increasing treatment 
concentrations of Ce6 in the Ce6-PDT groups 
(Figure 3C). These results suggest that the 
Ce6-PDT treatment could promote the apopto-
sis of human colon cancer SW480 cells, in a 
dose-dependent manner.

Ce6-PDT declines migration ability of human 
colon cancer SW480 cells

To investigate the effects of Ce6-PDT treat-
ments on the migration ability of SW480 cells, 
the scratch test was conducted. These cells 
were treated with Ce6 (0, 0.125, 0.25, 0.5, 1.0, 
2.0, 4.0, and 8.0 µg/ml, respectively) and the 
subsequent photodynamic irradiation. Our 
results showed that, higher Ce6 treatment con-
centration resulted in slower scratch wound 
healing process (Figure 4). These results sug-
gest that the Ce6-PDT treatment could decline 
the migration ability of human colon cancer 
SW480 cells.

Ce6-PDT decreases colony formation ability of 
human colon cancer SW480 cells

The effects of Ce6-PDT treatments on colony 
formation ability of SW480 cells were investi-
gated. Following the Ce6-PDT treatment, 
SW480 cells were further cultured for 1-2 w, 
and then subjected to Giemsa staining and 
observation. SW480 cells treated with Ce6 at 
corresponding concentrations without photody-
namic irradiation were used as controls. Our 
results showed that, in the Ce6-PDT groups, 
when the Ce6 treatment concentrations were 
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higher than 0.5 μg/ml, the colony formation 
abilities of SW480 cells were significantly lower 
than the corresponding controls (Figure 5; P < 
0.05). Moreover, the sizes and number of colo-
ny formation in the groups treated with higher 

Ce6 concentrations were dramatically smaller 
than the groups treated with lower Ce6 concen-
trations (Figure 5A). Furthermore, within the 
Ce6-PDT-treated groups, the colony formation 
ability was declined as the Ce6 treatment con-

Figure 3. Effects of Ce6-PDT on cell proliferation and apoptosis of human colon cancer SW480 cells. SW480 cells 
were treated with Ce6 at 0, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 μg/ml, respectively, followed by photodynamic 
irradiation. SW480 cells treated with Ce6 at corresponding concentrations without photodynamic irradiation were 
used as controls. A. The cell survival rates of SW480 cells were assessed by the MTT assay. B-C. Cell apoptosis 
of SW480 cell was detected by the annexin-V/PI staining and flow cytometry. B. Representative results of flow 
cytometry indicating the apoptosis assessment of SW480 cells treated with Ce6-PDT at 0, 0.25, 1.0, and 4.0 μg/
ml, respectively. C. Statistical analysis of apoptosis rates of SW480 cells treated with Ce6-PDT. Compared with the 
corresponding control group without photodynamic irradiation, *P < 0.05; compared with the previous group treated 
with Ce6-PDT, #P < 0.05.

Figure 4. Effects of Ce6-PDT on the migration ability of human colon cancer SW480 cells. Cell migration ability was 
assessed by the scratch test. The linear scratch was made with a 10-μl sterile pipette tip, followed by the Ce6-PDT 
treatment (0, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 μg/ml, respectively). After 48 h, scratch wound healing was 
observed and analyzed.
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centration was increased (Figure 5B; P < 0.05). 
These results suggest that the Ce6-PDT treat-
ment could decrease the colony formation abil-
ity of human colon cancer SW480 cells, in a 
dose-dependent manner.

Discussion

Since 1970s, photodynamic therapy (PDT) has 
been developed, which is a promising treat-
ment method for cancers and other diseases 
[12, 13]. During PDT, photosensitizers accumu-
late in tumor cells, and the subsequent photo-
dynamic irradiation at specific wavelength stim-
ulates the photosensitizers to produce ROS, 
through which those targeted cells would be 
killed [14, 15]. Several organelles, including ER, 
lysosomes, mitochondria, Golgi, and plasma 
membrane, etc., are popular locations for pho-
tosensitizers [14, 16, 17]. However, a given 

photosensitizer might not usually bind to a spe-
cific intracellular structure and/or localization, 
which would lead to the diversity of cell death 
pathways involved in PDT [18, 19]. 

PDT stimulates the production of ROS, which is 
an important cellular signaling molecule partici-
pating in cell proliferation, apoptosis, differen-
tiation, immune response, and other physiologi-
cal and/or pathological processes. ROS 
induced by PDT would cause toxic effects, in 
which the singlet oxygen is considered to be the 
major damaging species within cells. In fact, 
the life span of singlet oxygen in liquid environ-
ment is rather short, with the estimated maxi-
mum of 4 microseconds. During this time peri-
od, the singlet oxygen can diffuse only 10-20 
nm from the generation spot. Even in the third 
half-life, the diffusion distance of singlet oxy-
gen cannot exceed the whole cell or organelles 

Figure 5. Effects of Ce6-PDT on the colony formation ability of human colon cancer SW480 cells. After the treatment 
of Ce6-PDT treatment (0, 0.125, 0.25, 0.5, 1.0, 2.0, 4.0, and 8.0 μg/ml, respectively), SW480 cells were further 
cultured for 1-2 w. Formed colonies with more than 50 cells were counted, and the colony formation rate was calcu-
lated. SW480 cells treated with Ce6 at corresponding concentrations without photodynamic irradiation were used 
as controls. A. Representative results from colony formation tests of SW480 cells treated with Ce6-PDT at 0, 0.125, 
0.25, and 0.5 μg/ml, respectively. B. Statistical analysis of colony formation rates of SW480 cells treated with Ce6-
PDT. Compared with the corresponding control group without photodynamic irradiation, *P < 0.05; compared with 
the previous group treated with Ce6-PDT, #P < 0.05. 
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[20]. Therefore, the investigation of the subcel-
lular localization of photosensitizers is of great 
importance for the initial injury site, response 
type, and treatment outcome with PDT. 

In the present study, the subcellular localiza-
tion of Ce6 in SW480 cells was detected with 
LSCM. Our results indicated that Ce6 was 
mainly located within the ER and lysosomes, 
without any distribution in the mitochondria 
and nuclei. In another research, we investigat-
ed the subcellular localization of Ce6 in human 
colon cancer SW620 cells, which is of the same 
origin with SW480 cells, but with differential 
metastatic potentials. The results indicated 
that, in SW620 cells, Ce6 was mainly located in 
the ER, followed by the mitochondria, with hard-
ly any distribution in the lysosomes and nuclei 
(unpublished data). Moreover, it has been 
reported that lysosomes are the major locating 
sites for Ce6 in human fibroblasts [21]. These 
results indicate that even the same photosensi-
tizer will related to different intracellular struc-
tures and/or locations, depending on the cell 
type, indicating that various cell death path-
ways might be induced by PDT. 

Interestingly, we found that in SW480 cells 
treated with low concentrations of Ce6 (0.125 
and 0.25 μg/ml), the cell proliferation rate and 
colony formation ability were slightly increased. 
It has been reported that the ROS stimulated 
by PDT could simultaneously induce cell apop-
tosis and autophagy [22, 23]. Moreover, some 
photosensitizers at low doses can induce apop-
tosis and autophagy, while at high dosages, 
they mainly induce apoptosis [24]. Based on 
these results, we presume that Ce6 treatment 
at low dosage might mainly induce autophagy 
in cells, which may actually protect the tumor 
cells, while high dosages of Ce6 would lead to 
cell deaths. Of course, further studies are still 
needed to clarify the detailed mechanisms. 

In conclusion, our results showed that Ce6 was 
evenly distributed within the ER and lysosomes 
in SW480 cells. Ce6-PDT treatment could 
enhance the ROS production and apoptosis, 
inhibit the cell proliferation, decrease the 
migration ability and colony formation ability, in 
SW480 cells, in a dose-dependent manner. 
These findings might provide experimental evi-
dence for the application of Ce6-PDT in clinical 
treatment of CRC.
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