
Contents lists available at ScienceDirect

International Journal of Biochemistry
and Cell Biology

journal homepage: www.elsevier.com/locate/biocel

Blue light emitting diodes irradiation causes cell death in colorectal cancer
by inducing ROS production and DNA damage

Gege Yana,c,1, Lai Zhanga,c,1, Chao Fenga,c,1, Rui Gonga,c, Elina Idiiatullinaf, Qihe Huanga,c,
Mingyu Hea,c, Shuyuan Guod, Fan Yanga,c, Yuan Lia,c, Fengzhi Dinga,c, Wenya Maa,c,
Valentin Pavlove, Zhenbo Hana,c, Zhiguo Wanga,c, Chaoqian Xue, Benzhi Caib,c, Ye Yuana,c,⁎,
Lei Yangb,⁎⁎

a Department of Clinical Pharmacy, The Second Affiliated Hospital of Harbin Medical University, Harbin, 150086, China
bDepartment of Orthopedics, The First Affiliated Hospital of Harbin Medical University, Harbin, 150001, China
c Department of Pharmacology, College of Pharmacy, Harbin Medical University, Harbin, 150081, China
d Department of Cardiology, The First Affiliated Hospital, Cardiovascular Institute, Harbin Medical University, Harbin, 150001, China
e Department of Pharmacology, College of Pharmacy, Mudanjiang Medical University, Mudanjiang, 157011, China
f Central Laboratory of Scientific Research, Bashkir State Medical University, Ufa, 450008, Russia

A R T I C L E I N F O

Keywords:
Blue LED light
Colorectal cancer (CRC)
Reactive oxygen species (ROS)
Apoptosis
DNA damage
Epithelial-mesenchymal transition (EMT)

A B S T R A C T

The light emitting diodes (LEDs) irradiation has been demonstrated to be potential therapeutic strategies for
several diseases. However, the blue LED effects remain largely unknown in colorectal cancer (CRC), which is a
major cause of morbidity and mortality throughout the world. In this study, we determined the effects of blue
LED irradiation, the maximal light emission at 470 nm in wavelength, in human CRC cell lines SW620 and HT29.
The cells were irradiated with blue LED light for 0 J/cm2, 72 J/cm2, 144 J/cm2, 216 J/cm2 and 288 J/cm2 re-
spectively. We found that irradiation with blue LED light induced a marked decrease of live cells and an increase
of dead cells. Additionally, lower cell proliferation and a remarkably increase of cell apoptosis were observed in
blue LED-irradiated cells as compared with non-irradiated control group. The cell migration was significantly
inhibited by blue LED irradiation 24, 48 and 72 h later compared with non-treated group. Blue LED-treated CRC
cells further displayed a remarkably inhibition of EMT process in CRC cells. Finally, we found the accumulation
of ROS production and DNA damage were induced by blue LED irradiation. These results indicated that blue LED
irradiation inhibits CRC cell proliferation, migration and EMT process as well as induces cell apoptosis, which
may result from increased ROS accumulation and induction of DNA damage.

1. Introduction

Colorectal cancer (CRC) is one of the most commonly cancers
worldwide, which occurs in the colon or rectum. An estimated
1,361,000 people are diagnosed with CRC annually (Rabeneck et al.,
2015). It is causally associated with a combination of genetic and en-
vironmental factors (Wei et al., 2004). General treatments used for CRC
patients include some combination of surgery, radiation therapy, che-
motherapy and targeted therapy (Hollande et al., 2010). Despite sub-
stantial progress in the treatment of CRC, the prognosis for patients of
the disease remains poor (Markowitz and Bertagnolli, 2009).

Light emitting diode (LED)-based light therapy has grown in

popularity in the past few years, which is a painless, relaxing, non-in-
vasive biophysical and highly effective treatment for several diseases
(Barolet et al., 2009; Neupane et al., 2010; Oshima et al., 2011; Stelian
et al., 1992; Teuschl et al., 2015). However, the LED light has been
widely and successfully used in the red and near infrared ranges
(Fonseca et al., 2013; Giacci et al., 2015; Karu, 2008; Li et al., 2014;
Takhtfooladi et al., 2015). To date, studies showed that these lights
have positive effects on injured cells triggering an instant response to
create adenosine triphosphate (ATP), which is cellular energy
(Benedicenti et al., 2008; Wang et al., 2015). It also has shown to in-
crease both DNA and RNA functions (Gao and Xing, 2009). More re-
cently, at wavelengths ranging from 400 to 500 nm, blue LED light has
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been shown to regulate cell growth, proliferation and apoptosis in some
cancer cells and non-cancer cells, such as B-cell lymphoma (Oh et al.,
2016), melanoma (Oh et al., 2015), skin tumors (Ohara et al., 2003)
retinal neuronal cells (Knels et al., 2011) and skin dermal fibroblasts
(Mamalis et al., 2015) by regulating autophagy, reactive oxygen species
(ROS) production and mitochondrial mediated signaling pathways.
Despite its functional importance in various fundamental bioprocesses,
the studies of blue LED irradiation on CRC cells have been still limited.
Accordingly, our study demonstrated that the functional importance of
blue LED irradiation on CRC cell growth, apoptosis and migration,
which provided profound insights into CRC therapy in the future.

2. Materials and methods

2.1. Culturing of colon adenocarcinoma cell lines

Human colon adenocarcinoma cell lines SW620 and HT29 were
obtained from ATCC (Manassas, Virginia, USA). These cells were cul-
tured in RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS) (Embriolife®, Vitrocell, Brazil) and antibiotics (penicillin
100 U/mL and streptomycin 100mg/mL). Cells were maintained at
37℃ in a water-saturated atmosphere with 5% CO2.

2.2. Blue LED irradiation, Irinotecan treatment and cell counting assay

Cells were irradiated one day after plating by using a blue LED light
(470 nm) at a power density of 20mW/cm2 for 72 J/cm2, 144 J/cm2,
216 J/cm2 and 288 J/cm2 respectively at room temperature. The cells
were vertical under the blue light source with the distance of 31.5 cm.
Besides, cells were subjected to Irinotecan (IT) (MOLBASE, Shanghai,
China, 97682-44-5) at the concentration of 25 μM for 24 h when the
degree of cell confluence reaches 70%. After that, the cells were stained
with Trypan Blue and counted using count star easy cell analysis (Count
star, Shang Hai, China) to detect the number of live cells and the rate of
dead cells.

2.3. Ethynyl-2-deoxyuridine (EdU) cell proliferation assay

The EdU cell proliferation assay was described previously (Cai et al.,
2016) using an EdU Apollo DNA in vitro kit (Ribobio, Guang Zhou,
China) according to the manufacturer’s protocol. Briefly, cells were
fixed with 4% paraformaldehyde (m/v) for 30min and then incubated
with 50 μM EdU at 37℃ for 2 h. After the cells were permeabilized in
0.5% Triton X-100, they were added to Apollo staining solution and
incubated in a shaker for 30min in the dark. Finally, the cells were
incubated with 20 μg/mL 4’,6-diamidino-2-phenylindole (DAPI) for
10min. The EdU index (%) was the average ratio of the number of EdU-
positive cells to total cells in randomly selected areas under a fluores-
cence microscope (IX73P1F, Olympus Optical, Tokyo, Japan). Cores
≥10 cells were included in the analysis.

2.4. Apoptosis assay

Cells were cultured for 24 h after irradiation with blue LED light for
144 J/cm2 or no irradiation. The percentages of apoptotic cells were
measured using Annexin V-FITC staining (Beyotime Biotechnology,
Shang Hai, China) by flow cytometry (Guava PCA, Merck Millipore,
Billerica, Massachusetts, USA). Briefly, cells were washed twice with
cold PBS and re-suspended at a concentration of 1×106 cells/mL in
100 μL binding buffer. After staining with Annexin V-FITC, cells were
analyzed by flow cytometry (Guava PCA, Millipore). Ten thousand cells
were acquired and data were processed by the software FCS Express V3
(De Novo Software, Los Angeles, CA, USA).

2.5. Antigen Ki67 and γ-H2 A.X immunostaining

γ-H2 A.X immunostaining was used to detect DNA double-strand
breaks (DSBs). Ki67 immunostaining was applied to test cell prolifera-
tion. Cells were fixed using 4% paraformaldehyde (m/v) and permea-
bilized using a 0.3% Triton X100 solution. The cells were then in-
cubated in PBS supplemented with 0.1% Tween and 2% fetal bovine
serum (FBS) (Embriolife®, Vitrocell, Brazil) for 1 h. Cells positive for γ-
H2 A.X were detected using mouse anti γ-H2 A.X phospho S139 (200×
diluted, ab26350, Abcam, Cambridge, UK). Cells positive for Ki67 were
determined by a rabbit anti Ki67 (200× diluted, 9129, Cell Signaling
Technology, USA). A secondary incubation step was performed using
Alexa Fluor® 594 goat anti-mouse (200× diluted, ab150116, Abcam)
and Alexa Flour® 488 Conjugate anti-rabbit (200× diluted, 5429, Cell
Signaling Technology). After a PBS wash, the cells were progressively
dehydrated with alcohol, and then, nuclear staining was performed
with DAPI (2.5 μg/mL). Fluorescence signals were visualized under a
confocal laser scanning microscope (FV10i, Olympus Optical).

2.6. Western blot

This assay was described previously (Ma et al., 2018). Cells were
lysed in cell lysis buffer (P0013B, Beyotime Biotechnology) supple-
mented with PMSF protease inhibitor. Protein concentration was
measured using the BCA Protein Assay Kit (P0010S, Beyotime Bio-
technology). 70 μg protein was separated on a polyacrylamide gel and
transferred to a nitrocellulose membrane. The membrane was in-
cubated overnight at 4℃ with primary antibodies diluted in PBS with
rabbit monoclonal antibodies of anti-TWIST1 (1,000× dilution, 18125-
1-AP, Proteintech, Chicago, USA); anti-N-Cadherin (1,000× dilution,
13116); anti-E-Cadherin (1,000× dilution, 3195); anti-Vimentin
(1,000× dilution, 5741); and mouse monoclonal antibody of anti-
GAPDH (1,000× dilution, OTI2D9, ZSGB-BIO, Beijing, China). A sec-
ondary incubation step was carried out with anti-rabbit IgG (5,000×
dilution, 14708, rabbit monoclonal antibody) or anti-mouse IgG
(5,000× dilution, 3420, mouse monoclonal antibody). The rest anti-
bodies without mention of companies were purchased from Cell Sig-
naling Technology. The western blot bands were collected by odyssey
CLx and quantified with LI-COR Image Studio Software (LI-COR Bios-
ciences, Lincoln, NE). The results were expressed as fold changes by
normalizing the data to the control GAPDH values.

2.7. Quantitative reverse transcription polymerase chain reaction (qRT-
PCR)

Total RNA was extracted using TRIzol reagent (Life technologies,
CA, USA) according to the manufacturer’s instructions. Briefly, 500 ng
total RNA was reverse transcribed to cDNA in a total reaction volume of
10 μL with High Capacity cDNA Reverse Transcription Kit (Thermo
Fisher Scientific, USA). Further analysis was performed with 1 μL cDNA
using SYBR Green PCR Master (Rox) (Roche, Basel, Switzerland) in a
7500 Fast Real-Time instrument (Applied Biosystems, Foster City, CA,
USA). Relative expression was evaluated using the comparative CT
method and normalized to endogenous GAPDH mRNA. E-cadherin
Forward primer: GATAATCCTCCGATCTTCAATCCC; E-cadherin
Reverse primer: CAATATGGTGTATACAGCCTCCC. Vimentin Forward
primer: TTTGAAGAAACTCCACGAAGAGGA; Vimentin Reverse primer:
CCACATCGATTTGGACATGCT.

2.8. Measurement of reactive oxygen species (ROS) production

Intracellular levels of ROS production were measured using a
Reactive Oxygen Species Assay Kit (S0033, Beyotime Biotechnology)
according to the manufacturer’s instructions. After washing three times
with PBS, cells were incubated with 10 μMDCFH-DA probes for 30min
at 37℃. Following the removal of the superfluous DCFH-DA probes that
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did not penetrate into CRCs, the cells were fixed in 4% paraformalde-
hyde (m/v) for 30min and stained with DAPI (20 μg/mL) for 10min.
The cells were imaged with a fluorescence microscope (Olympus
Optical). Cores ≥10 cells were included in the analysis.

2.9. Cell migration assay

A scratch assay was done to assess cell migration. An artificial
wound was created before irradiation by blue LED light using a sterile
200 μL pipette tip on the confluent cell monolayer in 6-well plate. To
visualize migrated cells, images were taken at 0, 24, 48 and 72 h after
treatment. The rate of wound closure was performed with Image J
software (NIH, USA).

2.10. Statistical analysis

All assays were repeated at least three times, and values were given
as the mean ± SEM. Statistical analysis was performed by one-way
analysis of variance (ANOVA) followed by Dunnett’s Multiple
Comparison test (GraphPad Software Inc., San Diego, CA) for cell
counting assays. For two-group comparisons, the Shapiro-Wilk test was
used for normality test (22.0.0.0 version, IBM, Armonk, New York,
USA). Student’s unpaired t-test was used for normal distributed data
and Mann-Whitney U test was performed for non-normally distributed
data. P values< 0.05 were considered statistically significant.

3. Results

3.1. Inhibition of CRC cells growth upon blue LED irradiation

The maximal light emission of the blue LED light is at a 470 nm
wavelength shown previously (Yuan et al., 2017). We examined the
effect of blue (peaked at 470 nm) and red (peaked at 630 nm) LED ir-
radiation on CRC cell growth. SW620 and HT29 cells were exposed to
LED light for 0 J/cm2, 72 J/cm2, 144 J/cm2, 216 J/cm2 and 288 J/cm2

respectively, and subsequently cell growth was evaluated by Trypan
Blue staining and then analyzed by cell counting assays. The obvious
shrinkage and rounding of the cells were observed upon treatment with
blue LED irradiation for more than 144 J/cm2 in both cell lines com-
pared with non-irradiated control group (Fig. 1A). However, no sig-
nificant differences were seen between irradiation for 72 J/cm2 and
non-irradiated control group. Moreover, significant changes of live and
dead cell numbers were upon treatment with blue LED irradiation for at
least 144 J/cm2 or 216 J/cm2 in both cell lines (Fig. 1B and C). With
blue LED irradiation for 288 J/cm2, the average percentages of dead
cells were increased maximally to 45% and 61% in SW620 and HT29
cell lines respectively. However, as the results shown in Fig. 1D–F, it
shows no effect of red LED irradiation on colorectal cell growth, in-
dicating this effect was specific upon irradiation with blue LED lights in
CRC cells.

To further compare the effects of treatments between blue LED and
irinotecan (IT), a DNA topoisomerase poison. Both treatments cause cell
death in SW620 and HT29 CRC cell lines. Besides that, blue LED irra-
diation with 144 J/cm2 induced a more cell death effects than IT
treatments in both cell lines (Fig. 1H and I).

3.2. Inhibition of proliferation and induction of apoptosis in blue LED
irradiated CRCs

To further investigate the effects of blue LED irradiation on CRC cell
proliferation, the EdU staining and Ki67 staining were employed to
determine the percentages of EdU-positive and Ki67-positive cells after
blue LED irradiation for 0 J/cm2 or 144 J/cm2. A decrease of percen-
tages of proliferative cells was observed after irradiation with blue LED
lights compared with non-irradiation control groups. The percentages
of EdU-positive cells have reduced from around 27% to 1% in SW620

and from 10% to 5% in HT29 (Fig. 2A and B). Similar results were
observed in Ki67 staining assay (Fig. 2C and D). Blue LED irradiation
also reduced the percentages of ki67 positive cells in both SW620 and
HT29 CRC cell lines. These results indicated that blue LED irradiation
significantly inhibits CRC cell proliferation.

Based on Annexin V-FITC staining, the percentages of apoptotic
cells were significantly increased in both SW620 and HT29 cell lines
upon 144 J/cm2 of irradiation of blue LEDs compared with non-irra-
diated control group (Fig. 3A and B). We also explored the expression
levels of apoptosis-related proteins Bax and Bcl-2 by Western blot. As
shown in Fig. 3C, the results indicated that blue LED irradiation re-
sulted in an increase of apoptotic Bax, whereas a decrease of anti-
apoptotic Bcl-2. Thus, blue LED irradiation leads to a decrease of pro-
liferative CRC cells and an increase of apoptotic cells.

3.3. Inhibition of migration and epithelial–mesenchymal transition (EMT)
of CRC cells with blue LED irradiation

Cell migration and invasion are implicated in the pathophysiology
of many diseases, especially cancers (Bozzuto et al., 2010). We per-
formed a scratch assay in monolayer cells to identify the effects of blue
LED irradiation on CRC cell migration. As shown in Fig. 4, blue LED
irradiation resulted in a significant reduction of cell migration in both
SW620 and HT29 cell lines. Cell migration began to reduce starting at
24 h and 48 h after treatments for SW620 and HT29 respectively, which
revealed that blue LED irradiation significantly inhibits CRC cell mi-
gration.

An epithelial-mesenchymal transition (EMT) is a biologic process
leading eventually invasion and metastasis in cancers (Kalluri and
Weinberg, 2009). To further determine the effects of blue LED irra-
diation on EMT process, we analyzed the expression levels of markers
associated with EMT upon blue LED irradiation in SW620 and HT29 cell
lines. Western blot analysis showed that blue LED irradiation led to a
remarkable increase in expression of epithelial marker E-cadherin as
well as decreases of mesenchymal markers expression of N-cadherin,
Vimentin and TWIST1 in SW620. However, the effects were a litter bit
weaker in HT29. E-cadherin and TWIST1 have relative slight changes
after treatment with blue LEDs in HT29 (Fig. 5A). In addition, qRT-PCR
analysis also revealed a significant increase in gene expression of E-
cadherin, whereas decrease in Vimentin (Fig. 5B). Taken together, these
findings demonstrated a significant inhibition of migration and EMT
process of CRC cells by blue LED irradiation.

3.4. Increase of intracellular reactive oxygen species (ROS) levels in CRCs
upon blue LED irradiation

Reactive oxygen species (ROS) can influence many central cellular
processes such as proliferation, apoptosis and senescence which are
implicated in the development of cancer (Waris and Ahsan, 2006). We
performed DCF-DA staining to further evaluate effects of blue LED ir-
radiation on ROS production in comparison to non-treated CRC cell
group. Blue LED irradiation significantly induced elevation of ROS
production in both the nucleus and the cytoplasm, (Fig. 6A) which led
to a significant increase of ROS-positive cells percentages by 95.9% and
48.2% in SW620 and HT29 cell lines respectively (Fig. 6B). These
findings indicated that blue LED irradiation is able to induce in-
tracellular ROS generation in CRCs.

3.5. Blue LED irradiation leads to DNA damage in CRC

Phosphorylation of the Ser-139 residue of the histone variant
H2 A.X, forming γ-H2 A.X, is an early cellular response to the induction
of DNA double-strand breaks (Mah et al., 2010). We therefore in-
vestigated if blue LED irradiation caused DNA damage in CRC cells
using γ-H2 A.X immunostaining. As compared with those in non-irra-
diated control groups, the percentages of γ-H2 A.X positive cells were
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significantly increased in the groups of blue LED irradiation (Fig. 6C).
After irradiation for 144 J/cm2, we observed a marked increase in DNA
damaged cells of 25.3% SW620 cells and 27.3% HT29 cells respectively
(Fig. 6D). Together, these results indicate that blue LED irradiation
resulted in an increased DNA damage in CRC cells.

4. Discussion

In this study, we investigated the effects of blue LED irradiation
with maximal light emission at 470 nm in wavelength on CRC cells. The
results demonstrated blue LED irradiation inhibited CRC cell pro-
liferation, migration and EMT process as well as induced apoptosis.
Their underlying mechanisms are associated with the increased ROS
production and DNA damage.

Fig. 1. The effects of blue LED irradiation on CRC cell growth. Following (A, B) blue LED and (C, D) red LED irradiation, CRC cells were stained with Trypan Blue and
determined by cell counting assay. (A, E) Representative images taken under a microscope (magnification × 40). The panels show the number of live cells and dead
cells as well as the percentages of dead cells in (B, E) SW620 and (C, F) HT29 cell lines. (H, I) Comparison effects between blue LED and Irinotecan (IT) treatments on
cell growth of SW620 and HT29 cell lines. N= 3; *P < 0.05; ***P < 0.001.

Fig. 2. Anti-proliferative effects of blue LED light exposure on CRC cells. CRC cells were treated with blue LED irradiation for 0 J/cm2 and 144 J/cm2. (A, B) An
ethynyl-2-deoxyuridine (EdU) staining assay was performed to assess CRC cell proliferation. Representative immunofluorescence staining of (A) SW620 and (B)
HT29. Shown are DAPI (blue), EdU (red) and merged images. Photos of the selected areas were taken randomly under fluorescence microscopy. The panels show
percentages of the EdU-positive cells in (A) SW620 and (B) HT29. (C, D) Representative epifluorescence images of (C) SW620 and (D) HT29 with Ki67 (green) and
DAPI (blue), and the panels show the percentage of Ki67 positive cells. N=5; ***P < 0.001. Bar: 100 μm.
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Previous reports demonstrated mitochondrial membrane potential
in blue LED-irradiated cells. They showed a loss of mitochondrial
membrane potential the presence of damaged mitochondrial membrane
after irradiation with blue LED (Oh et al., 2016). In addition, Argun
et al. observed that blue light induced a significant increase in in-
tracellular Ca2+ levels in ARPE-19 cells (Argun et al., 2014). Here, we
showed that an increase of ROS production and DNA damage was as-
sociated with negative effects of blue LED irradiation on CRC cells.
Interestingly, they also found blue light induced ROS accumulation and
cell apoptosis in their studies, which were similar with the results in our
study. Whilst blue light has been proven to delay cell division and DNA
synthesis of cells (Oldenhof et al., 2004). And in another study, Chui
et al. have determined that the blue LED irradiation did lead to a re-
markably decreased expression of genes associated with chromosomal
DNA replication and cell division (Chui et al., 2012). Therefore, we
assumed that the effects of blue LED light on CRCs might be caused by
an increase of mitochondrial membrane potential and intracellular
Ca2+ levels as well as a decrease of cell division.

As we know, many oncogenes and tumor suppressor genes have
been reported to casually link to the development of CRC. For example,
TGF-β mediated activation of MEK-Erk and p38-MAPK pathways
combined with SMAD4 loss have been directly correlated with CRC

metastasis (Papageorgis et al., 2011). Damage Specific DNA Binding
Protein 2 (DDB2) suppresses EMT process in CRC cells (Roy et al.,
2013). The novel long noncoding RNA TUSC7 inhibits proliferation by
sponging miR-211 in CRCs (Xu et al., 2017). These findings generally
suggested a complicated multifactorial process involved in the regula-
tion of the CRC development. While in our study, we found increased
ROS accumulation and induction of DNA damage after blue LED irra-
diation. In theory, ROS can be produced in the mitochondria via the
electron transport chain. Additionally, ROS levels can be increased
dramatically by exogenous sources, such as ultra violet (UV). In a study,
they determined UV exposure induces DNA breakdown and causes
cellular damage through the production of ROS leading to programmed
cell death in retinal pigment epithelium ARPE19 cells (Roduit and
Schorderet, 2008). More importantly, several studies showed the ROS
accumulation are able to promote tumor progression via regulating
some oncogenes or tumor suppressor genes expression. Ju et al., found
the accumulation of ROS induced by luteolin resulted in suppression of
NF-κB and potentiation of JNK to sensitize lung cancer cells to undergo
TNF-induced apoptosis (Ju et al., 2007). Levistolide A has been de-
monstrated to induced CRC apoptosis via ROS mediated endoplasmic
reticulum (ER) stress pathway (Yang et al., 2017). Therefore, we as-
sumed the effects of blue LED irradiation on CRC cells might be

Fig. 3. Pro-apoptotic effects of blue LED irradiation on CRC cells. The percentages of apoptotic CRC cells were stained by Annexin V-FITC and determined by flow
cytometry upon irradiation with blue LED. (A) Representative images of analyzed results of flow cytometry after Annexin V-FITC staining in both SW620 and HT29
cell lines. (B) The panels show percentages of apoptotic cells in SW620 and HT29. (C) Western blot was performed to detect the protein levels of Bcl-2 and Bax in
SW620 and HT29 after exposed to blue LED irradiations for 0 J/cm2 and 144 J/cm2. They were normalized to GAPDH. N=3; *P < 0.05; **P < 0.01.
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associated with regulation of some oncogenes/tumor suppressor genes.
Our previous study has demonstrated the toxic effects of blue LED

irradiation on bone marrow-derived mesenchymal stem cells (BMSCs)
(Yuan et al., 2017). Blue LED irradiation also induced increases of ROS
production and DNA damage in BMSCs. Thus, we assume the toxic ef-
fects of blue LED irradiation were actually non-specific for cancer cells.
However, the sensitivity to the effects was much different for various
types of cells. Niu et al. showed combination of curcumin with blue LED
light united red light irradiation can attain a higher efficiency of reg-
ulating cell proliferation and apoptosis in skin keratinocytes (Niu et al.,
2015). Thus, it is necessary to investigate whether irradiation with a

combination of different LED colors will have synergistic effects with
medical treatments or drugs on CRC cells. Further studies are needed to
elucidate the effects of LEDs with different wavelengths, which may
produce different effects and to determine the molecular mechanisms of
these effects.

In summary, our study provided a direct evidence that blue LED
irradiation has inhibited effects on CRC cells, which characterized by
inhibition of CRC cell growth, proliferation, migration and EMT process
as well as induction of cell apoptosis. It might be caused by induced
ROS production and DNA damage. Collectively, these findings provided
a novel potential therapeutic strategy for CRC in the future.

Fig. 4. Inhibition effects of blue LED irradiation on CRC migration. Scratch assay was performed on confluent SW620 and HT29 cells and migration into the wound
was monitored for 24, 48 and 72 h under microscopy. (A, B) Representative images of scratch assays at the initial time of scratch (0 h) and after 24, 48 and 72 h in
SW620 and HT29 cell lines. Bar graphs show the relative cell migration efficiency after blue irradiation over time in (C) SW620 and (D) HT29 cell lines. N=5; *P <
0.05; **P < 0.01.

Fig. 5. Inhibition of EMT in CRC cells with blue LED irradiation. (A) Western blot analysis of EMT markers E-cadherin, N-cadherin, Vimentin and TWIST1 were
shown in (left) SW620 and (right) HT29 CRC cell lines respectively. (B) E-cadherin and Vimentin mRNA expression in (above) SW620 and (below) HT29 following
the irradiations of blue LED for 0 J/cm2 and 144 J/cm2. Data are expressed as the mean ± SEM. *P < 0.05; **P < 0.01; ***P < 0.001.
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