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Abstract

Helium-neon (He-Ne) laser has been used in many clinical fields, and caught our interest on cancer treatment.
We conducted the study of He-Ne laser in lung cancer for the sake of the most common cause of cancer deaths
worldwide, and up to 50% of the patients with advanced non-small-cell lung cancers with brain metastases. In this
study, we used two human lung cancer cell lines A549, H1299, bronchial epithelial cell line BEAS-2B to detect the
effects of He-Ne laser on proliferation and migration capabilities by MTT, trypan blue exclusion and wound healing
analysis, followed by Western blot analysis to identify the putative signaling pathway evoked by the He-Ne laser.
Low-power He-Ne laser slowed H1299 migration by inhibiting Extracellular signal-regulated protein kinases (ERK)
phosphorylation, and decreased A549 cell proliferation via p38 up-regulation. However, He-Ne laser increased NT2
cell proliferation and migration activities through ERK activation. The low-power He-Ne laser had diverse effects on
different cells, possibly suppressive effect on malignant cells, but growth provocation on pluripotent cells. We
proposed that the low-power He-Ne laser renders a beneficial alternative for cancer treatment and for tissue repair.

Keywords: NSCLC; He-Ne laser; Proliferation; Migration; MAPK

Abbreviations:
ERK: Extracellular Signal-regulated Protein Kinases; JNKs: Jun N-

terminal kinases; MAPK: Mitogen-Activated Protein Kinases; PDT:
Photodynamic Therapy

Introduction
Lung cancer is the most common cause of cancer deaths in the

world, accounting for 27.19% of all cancer deaths in the United State
of America [1], and in Taiwan the crude death rate gradually increased
during the past decade from 2004 to 2013 [2]. No matter by
chemotherapy and radiotherapy, unsatisfactory outcomes in lung
cancer patients are often attributed to the difficulties for early
detection and sometimes to limited interventional feasibility to target
the tumour bulk.

In this study we explored the alternative approach for the
management of lung cancer. Photodynamic therapy (PDT) has been
proposed as a treatment option for the centrally-located early lung
cancer at stage 0 (TisN0M0) and stage I (T1N0M0) [3], including the
exposure of cells and tissues to a photosensitizing drug followed by
irradiation with low-power laser, and was compatible with the
absorption spectrum of the photosensitizer drug [4].

Since 1960s, there had been medical applications involving the use
of the laser. The low-power laser with output power less than one watt
(between 1 and 500 mW) [5] will not damage the hydrogen bonds in
the tissues but brings about a photochemical effect [6]. Depending on
the power density, frequency, wavelengths, irradiation procedures, and

the cell types, the low-power laser has evidences to modulate various
biological processes in animal models and cell-based interventions [7–
9], the latter including cell proliferation, differentiation, apoptosis, and
release of growth factors from cells [10–12].

In addition, it has been applied in treating diseases with limited
regeneration and in promoting wound healing [13,14], and some
clinical studies had stated the wavelengths most beneficial with red
and near infrared ranges (from 630 to 850 nm) for the
photobiostimulation effects [15,16].

The Helium-neon (He-Ne) laser with wave length of 632.8 nm is a
low-energy laser emitting radiation in the visible light spectrum. He-
Ne laser stimulated a number of biological processes, including cell
growth, proliferation, and migration [17–19]. Other evidences were
also proposed that He-Ne laser irradiation affected both bioenergetics
and biogenesis of mammalian mitochondria and increase cytokine/
growth factor release [20–22].

However, the mechanisms associated with the photo-modulatory
effects of the He-Ne laser remained elusive, as the ill-defined effects of
low-power He-Ne laser on cancer cell proliferation and migration,
including the lung cancers. Thus, we would like to investigate the
mechanisms involved in photostimulatory effects induced by He-Ne
laser irradiation in lung cancer cells and to evaluate its application in
lung cancer treatment.

Materials and Methods

Cell culture
Human lung adenocarcinoma cell lines A549 (ATCC® access

number, CCL-185TM), H1299 (ATCC® CRL-5803TM), malignant
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pluripotent human testicular embryonal carcinoma cell NT2
(NTERA-2 cl.D1, ATCC® CRL-1973TM), and the primary
immortalized bronchial epithelial cells, BEAS2B (ATCC®

CRL-9609TM) were all maintained at 37°C in a humidified
atmosphere containing 5% CO2. Cells were cultured in DMEM or
RPMI 1640 medium (Life Technologies, Rockville, MD, USA)
supplemented with 10% heat-inactivated fetal bovine serum (FBS; Life
Technologies) and 1% penicillin-streptomycin (Life Technologies).

Low-power He-Ne laser irradiation
The experiments were conducted with a low-power He-Ne laser

(Model JY-ILIB-5, Bio-Resonancehuman energy Corp, Taipei,
Taiwan), which emits 632.8 nm wavelength with an output of 4.0 mW
for 0, 5, 10, 15 and 30 minutes. Dose effect was determined by the
treating durations. The cultured cells were harvested from the culture
Petri dishes for 24 hr incubation initially, and then rinsed once by
phosphate-buffered saline (PBS) before irradiation with 1ml retained
in the microtubes. The electrode tip of He-Ne laser was gently agitated
below the PBS surface with emitted laser to contact cells directly.
Throughout each experiment all dishes (including controls) were
maintained in PBS at room temperature. All irradiation experiments
were at least repeated in triplicates.

Cell viability assay
The cells were seeded onto 96-well plates at 4,000 cells per well in

culture media (100 μl). After culturing for various durations, cell
numbers were measured by thiazolyl blue tetrazolium bromide
(synonym as methylthiazolyldiphenyl-tetrazolium bromide, MTT)
assay according to the protocol (Sigma-Aldrich Corp., St. Louis, MO,
USA). In briefly, 10 μl of the MTT solution (5 mg/ml) were added to
each well and the cells were cultured for another 4 hr at 37℃. One
hundred microliters of 0.04 N HCl in isopropanol were then added to
each well, and mixed vigorously to solubilize colored crystals produced
within the cells. The absorbance value at 570 nm was measured by a
multi-well scanning spectrophotometer.

Growth curve determination
The effect of He-Ne laser irradiation on cellular proliferation was

assessed by visually counting the number of cells in conjunction with
trypan blue exclusion. Cells were seeded with a density of 1-4×105

cells/well and were incubated overnight. Then cells were irradiated
with 4.0 mW He-Ne laser radiation for various time courses and
incubated for 1–3 days. The cells were then washed with PBS and
trypsinized, followed by mixing with equal volume of trypan blue dye.
Finally, the number of living cells was counted with a
hematocytometer chamber.

Cell migration assay
The cells were seeded into 6 cm culture dishes at a density of

2.5×105 cells and cultured in medium containing 10% FBS for 24 hr.
Then the nearly confluent cell monolayer was carefully scratched using
a 10 μl pipette tip. Any cellular debris was removed by washing with
PBS. After making wounds, the cultures were incubated at 37°C and
we took pictures immediately (t=0), 4, 8 and 12 hrs later. The number
of cells migrating into the cell-free zone was counted under a light
microscope. The experiments were performed in triplicate.

Western blot analysis
Western blot analysis was used to examine the expression levels of

the affected protein after low-power He-Ne laser irradiation in various
cell lines. The details of these procedures were described previously
[23]. The specific primary antibodies for anti-phospho-ERK1/2 (T202/
Y204, #9101, Cell Signaling Technology), anti-total ERK2 (#9102), and
anti-total p38 MAPK (mitogen-activated protein kinases) (#9212), all
from Cell Signaling Technology, were applied for the serial
investigations, with α-tubulin used as an internal control.

After incubation with the primary antibodies, membranes were
washed three times with TBST (Tris-buffered saline and Tween 20)
solution, followed by incubation with horseradish peroxidase (HRP)-
conjugated secondary antibodies (Santa Cruz Biotechnology, Santa
Cruz, CA, USA) and detection using an enhanced chemiluminescence
detection system (ECL, GE Healthcare, Piscataway, NJ, USA).

Statistical analysis
All experiments were performed in triplicate and analyzed by

ANOVA (Excel, Microsoft). All statistical tests were two-sided, and P
value <0.05 was considered statistically significant. Where appropriate,
the data are presented as the mean ± standard deviation.

Ethical declaration
This is a cell-based study, without laser use for the animals and

humans. Thus our work did not have the revisions by the Institutional
Animal Care and Use Committee (IACUC) and Institutional Review
Board (IRB).

Results

Low-power He-Ne laser irradiation significantly slowed A549
cell proliferation

At first we would like to explore the effect of the low-power He-Ne
laser on the cell growth by the proliferation and viability assays. The
primary immortalized bronchial epithelial cell, BEAS2B, and lung
cancer cells, A549 and H1299 cells, were applied to assess the effects of
He-Ne laser irradiation on cell growth by trypan blue exclusion assay
(Figure 1).

The low-power He-Ne laser irradiation lacked the effect on BEAS2B
cells (Figure 1A). However, no matter long- (30 min) or short-treating
(5 min) duration of the laser exposure applied with 4 mW He-Ne laser
irradiation, the cell numbers of A549 cells decreased significantly after
48 hr, as compared with the ones without treatment (0 min, P<0.05;
Figure 1B).

For the study of H1299 cells, there was no significant change of the
cell numbers after low-power He-Ne laser exposures (Figure 1C). On
MTT assay for the cell viabilities of these cell lines after laser emission,
as shown in Figure 2A and 2C, long exposure time (30 min) of low-
power He-Ne laser irradiation could lead to a decrease in cell viability
of both BEAS2B and H1299 cells, but not for the cells on the shorter
time treatment.

In contrast, both short and long exposure of low-power He-Ne laser
irradiation resulted in decreasing cell viabilities after 2 days in A549
cells (Figure 2B, P<0.05). This result was consistent with the trypan
blue exclusion data.
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Figure 1: The effects of low-power He-Ne laser irradiation on cell
growth were assessed by trypan blue exclusion assay. (A) BEAS2B,
(B) A549, and (C) H1299 cells were seeded with a density of
1-4×105 cells per well and were irradiated with 4.0 mW He-Ne laser
radiations for various time courses and incubated for 1-3 days.
Three independent experiments were performed. The data are
presented as the mean ± SD. *P<0.05 compared with the untreated
control group (0 min).

Figure 2: The effects of low-power He-Ne laser irradiation on cell
viability were determined by MTT assay. (A) BEAS2B, (B) A549,
and (C) H1299 cells were seeded with 4,000 cells per well and were
irradiated with 4.0 mW He-Ne laser radiations for various time
courses and incubated for 1-3 days. All data are shown as the mean
± SD of the results from three independent experiments. *P<0.05
compared with the untreated control group.

Low-power He-Ne laser irradiation significantly suppressed
H1299 cell mobility

Besides cell proliferation and viability, we investigated cell mobility
analyzed by the scratch wound healing assay (Figure 3), which implies
the reactions between tumor cells and extracellular matrix while
invasion. The low-power He-Ne laser irradiation had no effects on
A549 cell mobility (Figure 3A). But lower migration capability of
H1299 cells occurred after low-power He-Ne laser irradiation with
longer treatment time, more prominent after harvesting for 8 and 12
hrs as compared with that of the untreated control group (Figure 3B,
P<0.05). Although less viability changes on laser treatment in above
experiment, H1299 cells had more suppression of cell mobility after
long-duration laser irradiation.

Figure 3: The effects of low-power He-Ne laser irradiation on cell
mobility were assessed by wound healing assay. The numbers of (A)
A549 and (B) H1299 cells migrated into the cell-free zone after 4.0
mW He-Ne laser irradiations for various time courses were
evaluated at indicated time intervals after scratch wounding. The
triplicated experiments were conducted independently and the data
shown as the mean ± SD. *P<0.05, compared with the untreated
control group.

Low-power He-Ne laser irradiation increased p38 expression
levels in A549 cells and decreased the phosphorylation of
ERK in H1299 cells

As already known, mitogen-activated protein kinases (MAPKs) play
critical roles in cell proliferation, migration, oncogenesis,
differentiation, inflammation and stress responses [24,25]. Therefore
we further investigated the intracellular signaling molecules for the
behavioral changes of the A549 and H1299 cells. Laser-irradiated cells
followed by harvest for 48 hr were then subjected to Western blot
assay.

In A549 cells, the expression levels of p38 significantly increased 2.5
to 5.4 folds after low-power He-Ne laser irradiation (Figure 4A). In
H1299 cells, the longer exposure (durations, 15 and 30 min) on low-
power He-Ne laser irradiation decreased the phosphorylated ERK, but
no significant changes in the expression levels of p38 (Figure 4B).
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These results may suggest different molecular mechanisms after low-
power He-Ne laser irradiation in these two lung cancer cells.

Figure 4: Immunoblot analysis showed the effects of low-power He-
Ne laser irradiation on MAPK expression levels. The expression
levels of p-ERK, ERK2, and p38 proteins in the (A) A549 and (B)
H1299 cells that were irradiated with 4.0 mW He-Ne laser
irradiations for various time courses were determined by Western
blot analysis after recovery for 48 hr. The α-tubulin served as an
internal control.

As a comparison, we chose another cell line, pluripotent human
testicular embryonic carcinoma NT2 cells isolated from lung
metastatic lesions, to check whether the above phenomena were cell
type-specific on laser irradiation. NT2 cells were irradiated by 4 mW
He-Ne laser for different durations, and cell proliferation activity was
determined by trypan blue exclusion and MTT assays.

No matter what the treatment durations were, the slopes of cell
growth curves of NT2 irradiated with low-power He-Ne laser
increased evidently after 48 and 72 hrs, as compared with those of the
untreated control group (Supplementary Figure 1A).

In addition, the result of MTT assay also revealed higher cell
viability after 30-min exposure of low-power He-Ne laser irradiated
group than in the control group on day 2 and day 3 (Supplementary
Figure 1B, P<0.05).

Moreover, the migration capacity of NT2 cells also increased by
38% to 56% after the long exposure (15-30 min) of low-power He-Ne
laser irradiation (Supplementary Figure 1C, P<0.05). Furthermore,
elevated expression of phosphorylated ERK occurred after the low-
power He-Ne laser irradiation, no matter the irradiation time of 5, 10,
15 and 30 min (Supplementary Figure 1D).

Discussion
Low-power laser irradiation has been applied in wound healing,

adjuvant treatment of spinal cord injury, and mucositis caused by
cancer therapies [13,26]. But this study stated the direct effects on lung
cancer cells by low-power He-Ne laser irradiation. Low-power He-Ne
laser irradiation significantly decreased proliferation of A549 cells by
increasing expression level of p38 protein. In addition, it also
suppressed H1299 cell migration capability via lowering
phosphorylation of ERK. To our knowledge, this is the first study to
demonstrate that the low-power He-Ne laser irradiation could
suppress cell proliferation and migration through the MAPK
alterations in lung cancers.

However, the low-power He-Ne laser irradiation on the pluripotent
NT2 cells had the contrary results. It increased NT-2 cell proliferation
and migration via ERK activation. Low-power laser irradiations have
been demonstrated to promote proliferation in several fairly-
differentiated cell types, including endothelial cells, lymphocytes,
fibroblasts, melanocytes, and HeLa cells [19,27–31]. Mechanisms for
the mitogenic effects of low-power laser irradiation have been stated,
including MAPK pathway [32]. It has been proposed that laser
induced dimerization of some ligand-free receptors, and then auto-
phosphorylation resulting in the downstream effects [9] such as the
increased concentration of intracellular calcium and activated calcium
channels [33,34]. Moreover, it has been shown that low-power laser
energy would result in increase in reactive oxygen species, adenosine
triphosphate or cyclic AMP via energy absorbed by mitochondrial
respiratory chain components [35,36].

In mammalian cells, there are at least three MAPK cascades that are
activated by different environmental stresses. For example, p38 and
the Jun N-terminal kinases (JNKs) are strongly activated by stress
signals such as high osmolality, pro-inflammatory cytokines, heat
shock, and UV irradiation [37,38]. The ERK was vital in growth
factor-induced mitogenesis, cell transformation, and differentiation
[39]. A known result stated that low-power He-Ne laser irradiation
provoked proliferation of melanoma cells through the mitochondrial
pathway, which subsequently activates JNK and increases the
transcriptional activity of activator protein-1, AP-1 [40]. In skeletal
muscle cell regeneration, low-power He-Ne laser irradiation could
activate ERK but with no effect on JNK or p38 [41].

As a comparison in the present study, the low-power laser
irradiation promoted NT2 cell proliferation with ERK activation.
Interestingly, low-power laser irradiation had no effect on H1299 cell
or even decreased A549 cell proliferation through up-regulation of p38
protein kinase in this study. The negative p38 signaling effect on cell
proliferation and the underlying molecular mechanisms had been
documented [42]. Some studies indicated that p38 could mediate
either DNA-damage-induced apoptosis or oncogene-induced
senescence through activating p53, a downstream effector of p38
[43,44]. Therefore, p38/p53 axis would be supposed to conduct the
proliferation inhibition of A549 cells, which contain wild typed p53,
after low-power He-Ne laser exposure. However, p53-null H1299 cell
line lost this effect on cell proliferation. The role of p53 on lung cancer
cells after laser treatment needs more work to dissect.

Besides the cell proliferation, differentiation, inflammation,
oncogenesis, and stress response, there was also evidence about MAPK
family contributing to cell migration [24]. On using the specific
inhibitors for the ERK pathway, migration of different cell types in
response to growth factors, cell matrix proteins, and other stimuli
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became inhibited [25]. Our results showed that low-power laser
irradiation could suppress H1299 cell migration abilities via inhibiting
ERK activation. In contrast, the NT2 cell told a different story about
the enhanced cell migration through increase in ERK phosphorylation.
Direct activation of the downstream signaling substrates or indirect
responses via other signal pathways activated after low-power laser
irradiation still needs to be identified. For clinical interest, migration
changes after low-power He-Ne laser irradiation may be a critical issue
for dealing with metastasis of human lung cancers. For instance, it has
been demonstrated that the combination of vascular endothelial
growth factor inhibitors could improve the therapeutic efficacy of PDT
[45]. Therefore, the combination of PDT using low-power He-Ne laser
irradiation and molecule-targeted agents may become new clinical
strategies or treatment options for patients with lung cancers.

Some limitations existed in our study. First, in this cell-based study
the treatment device of the laser application was not the clinical
investigating route. Laser energy may activate the blood cells or
degrade the molecules in blood streams resulting in various cell
responses, and in a more diverse way from our cell model. Second, the
heat production caused by the laser may be a puzzling issue on
conducting our bench study, especially while the longer irradiating
duration. We monitored the temperature of the laminar hood but not
the one of the culture dishes during the laser treatment. Third, we did
not test other cancer cell lines of different tissue origins, or the
application of the pharmacological inhibitors for the signal pathways
in this study. It was mainly attributed to the limited financial support.
Fourth, we did not administrate the chemotherapeutic agents
concurrently with the laser treatment in this study for the possible
synergic or additive effects. Although someone may wonder the
palliative role of low-level He-Ne laser in cancer treatment, it is worthy
to conduct the clinical application of the laser on chemotherapy for
patients with lung cancers.

In conclusion, we stated that the low-power He-Ne laser irradiation
inhibits lung cancer A549 cell proliferation and suppresses H1299 cell
migration through p38 protein up-regulation and ERK
phosphorylation reduction, respectively. He-Ne laser may induce
different effects on lung cancer cells with diverse genetic background.
In addition, the low-power He-Ne laser irradiation promotes
proliferation and migration capabilities of human NT2 cells through
ERK activation. All these results suggest that the low-power He-Ne
laser irradiation may have various effects on cancers, possibly related
to the cell types. Catheter-assisted laser transmission may emerge the
novel strategies in cancer therapy, especially the He-Ne laser.
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