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Abstract

Objective: The purpose of this in vitro study was to evaluate the effects of low-intensity laser irradiation (LILI)
on isolated lung cancer stem cells (CSCs) after several time intervals, using a wavelength of 636nm and
fluences between 5 and 20 Jem®. Background data: LILI has been proven to have a biomodulatory effect on
various diseased conditions. A number of studies have been conducted on CSCs. Methods: Lung CSCs were
isolated from lung cancer cells (A549), using cell surface marker CD 133. Isolated lung CSCs were divided into
four groups: group 1 consisted of control cells receiving no irradiation; groups 2, 3, and 4 were exposed to laser
irradiation at fluences of 5, 10, and 20 J/ecm?, respectively. LILI was performed using a 636 nm diode laser with
a power output of £85 mW. Cellular responses were evaluated after 24, 48, or 72h, and included cell mor-
phology, viability, and proliferation. Results: Cellular morphology indicated an increase in cell density caused
by cell proliferation over time. Biostimulatory effects were achieved in lung CSCs when examining viability
and proliferation. Conclusions: It should, therefore, be noted that a low wavelength of 636 nm at various
fluences induces biostimulation, which may have detrimental effects when using LILI as a form of regeneration.

Introduction self-sufficient. It has been reported that deregulation of the
SC niche leading to uncontrolled proliferation of SCs can
UNG CANCER ACCOUNTS FOR more cancer-related mor-  lead to tumoregenesis.” CSCs have also been found capable
A 4 talities worldwide than any other cancerin bothmenand  of metastasizing, being resistant to current treatment
women' Treatments for lung cancer include chemotherapy, methodologies such as chemo- and radiation therapy, and
radiation, and surgery. Despite these therapeutic advances, being resistant to cell death.5 An explanation for why che-
lung cancer still has a poor prognostic outcome, whichcanbe  motherapy fails to eradicate CSCs is its capability to only
attributed to its metastatic potential.” It has been suggested remove rapidly proliferating cells, and CSCs are usually
that lung cancer can be driven by a small subpopulation of  slow in multiplying and, therefore, unresponsive to this
sclf-renewing cells that can sustain malignant growth, called  treatment. As a result of current cancer treatments failing,
“cancer stem cells” (CSCs) or *“tumor-initiating cells.”” new treatment methods that will have a good prognosis,
These cells share various characteristics with normal stem and fewer side effects are being investigated. One of the
cells (8C) such as self-renewal and multipotent differentia- current therapies under investigation is photodynamic
tion.® An important difference between normal SCs and therapy (PDT), in which low-level light-emitting lasers are
CSCs, which researchers arc proposing, is their dependability used 1o activate a photochemotherapeutic compound called
on their stem cell niche. A stem cell niche is a specialized a “‘photosensitizer.”
microenvironment with the following features and functions: Low-intensity laser irradiation (LILI) is a photobiomodulative
it comprises of a group of cells situated in a special location  therapy that makes use of low intensities of light that is emitted
that maintains the SCs, it functions as a physical anchoring  coherently at a specific wavelength in the visible spectrum,
site between the SCs and their environment, it generates ex-  which consists of red and near-infrared (TR) light between 600
trinsic factors that control SC proliferation and lineage fate, and 1070 nm, also known as the optical window where effective
and it also controls the asymmetric division of these cells*  tissue penetration is maximal. This therapeutic model exposes
CSCs evade this advanced niche, signalling control quicscence  cells or tissues to visible red light and near-IR light, having either
and proliferation as a result of its genetic mutation, making it  a biostimulatory or a bioinhibitory effect.” The mechanism by
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which LILI induces a photobiological effect is chromophore
stimulation at the mitochondrial level, causing various metabolic
effects, depending upon the wavelength and fluence used.®

Previous studies conducted using LILI with wavelengths
between 625 and 675nm and fluences ranging from 1 to
15I/em? all indicated a biostimulatory effect showing an
increase in proliferation and viability on various cells;’'3
however, studies indicated biochemical inhibition when
using higher wavelengths of 800-830nm and fluences
210Jfem? %1415

Photobiomodulation relies on specific parameters such as
wavelength, fluence, power density, pulse structure, and
treatment time when applied to biological tissue. This al-
lows for targeting of specific light-absorbing molecules in
specific tissues, operating on the principle of photochemis-
try, as opposed to photothermogenesis. The light energy
absorbed causes singiet state excitation of oxygen mole-
cules, leading to triplet state excitation causing an energy
transfer to ground state molecular oxygen (a triplet) to form
the reactive species, singlet oxygen. Alternatively superox-
ide may be formed as a result of electron reduction. LILI
operates at an exact wavelength of light, which influences
the depth of tissue penetration. Similar to normal cells,
cancer cells also contain with intracellular chromophores.
Different cellular chromophores are stimulated at different
wavelengths.'®'7 Therefore, the prediction can be made that
in targeting cancerous cells, the outcome expected can be
controlled by the wavelength as well as by the energy output
that will lead to either stimulation or inhibition. The exact
mechanism behind the stimulation of the light-absorbing
molecules producing these two different effects is still being
investigated.

CSCs can be identified and isolated using their antigenic
markers.'® Promonin 1 (CD 133) is a pentaspan trans-
membrane glycoprotein usually found on cell surfaces.!® It
has been used to identify and isolate different SCs and
CSCs.2 Lung CSCs have previously been isolated using the
surface marker CD133,2! and the same antigenic marker
was used in this study. Control cell lines used were the
CaCo-2 (Caco-2, HTB-37™) cell line, which is a continuous
cell of heterogeneous human epithelial colorectal adeno-
carcinoma cells, which have been found to express CD
133.%° SKUT-1 (SKUT-1, HTB114™) is a cell line derived
from human uterus leiomyosarcoma cells.*? These cells do
not express the surface marker CD 133, as they were used as
a somatic cell line and contributed as the negative control
cell line. In this study, we aimed to evaluate the biomodu-
lative effects induced by LILI on isolated lung CSCs. It
resulted that there were possible detrimental effects asso-
ciated with LILI when it was used in tissue with underlying
malignancy, as LILI provides effective tissue penetration
and can produce similar results to the cell layer, as was
found in this study.

Materiais and Methods
Cell culfture

This study used commercially obtained lung cancer cells
(A549, ATCC® CCL-185). Rosewell Park Memorial In-
stitute 1640 medium (RPMI) (Sigma, R8758), supplemented
with 10% fetal bovine serum (FBS) (Biochrom, S0615),
0.5% penicillin/streptomycin (Sigma, P4333), and 0.5%
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amphotericin B (Sigma, A2942) was used to culture these
cells in. The cells were incubated at 37°C in 5% CO, and
85% humidity. Cells were grown to confluence before iso-
lation of the CSCs. Upon lung cancer cells reaching con-
fluence, the cells were washed twice with Hank’s balanced
salt solution (HBSS) (Sigma, H9269) and detached from the
culture dish using 1mL/25cm?® of TryplExpress (Gibco,
12604).> For experimental purposes, isolated lung CSCs
were cultured in complete medium using only 5% FBS.
Cells were seeded at a final concentration of 2x 10* cells in
3mL complete medium, and cultured in a 3.4 cm® diameter
culture dish followed by incubation for 24 h to allow cells to
attach.

Control cell lines were cultured in Dulbecco’s Modified
Eagle's Media (DMEM) (Sigma, D5796) supplemented
with 109% FBS, 2mM L-Glutamine (Sigma, G7513), 1%
penicillin/streptomycin (Sigma, P4333), and 1% amphoter-
icin B (Sigma, A2942) for CaCo2 (ATCC®, HTB-37™)
which was used as the positive control,” and DMEM (Sigma,
D5796) supplemented with 10% FBS (Biochrom, S0615), 1%
penicillin/ streptomycin (Sigma, P4333), and 1% amphoteri-
cin B (Sigma, A2942) for SKUT-1 (ATCC®, HTB114™) as
the negative control.?*

Isolation of lung CSCs

Lung CSCs were isolated using the magnetic bead iso-
lation kit (Miltenyi Biotec, QuadroMACS™ separation unit
130-091-051), where they were magnetically labelled with
microbead conjugated antibodies directed at the antigenic
surface marker of interest. Lung CSCs were enriched using
the CD133 MicroBead Kit (Miltenyi Biotec, CD133 Mi-
croBead Kit, human 130-050-801) designed for the positive
selection of cells expressing human CD133 antigen.

A single cell suspension was prepared, where the cell
number was determined. The cells were spun down and
resuspended in 80[71L buffer per 107 tota! ceils, and 20 L
MicroBeads per 10 total cells were added and incubated for
15 min at 2°-8°C. Cells were washed, centrifuged, and re-
suspended in 500 p1. buffer per 10® cells. The separation
column was prepared by running buffer through and dis-
carding the effluent. The cell suspension was applied to the
prepared column, where the unlabelled cells were collected
and discarded and the positively selected cells in the column
were flushed out into a svitable collection tube using buffer
and a plunger.?

Immunofiuorescence

Fluorescent labelling of surface antigens with CD 133
(Prominin-1), which is a monoclonal antibody hosted in
mouse and reacting in humans (USBio, 030034) on isolated
cells, was used to confirm whether the lung CSCs that were
isolated were of CSC origin.®® Isolated cells along with
control cell lines CaCo2 and SKUT-1 were cultured on heat-
sterilized cover slips placed in Petri dishes (3.5¢m diame-
ter), at a concentration of 2% 10> cells in complete media.
Cells were incubated overnight to attach to the cover slip.
Cultures were removed from the incubator and washed
twice with ice-cold phosphate-buffered saline (PBS)/bovine
serum albumin (BSA)/azide buffer (PBS, Sigma, P4417),
0.1% wfv BSA (Sigma, A2153), and 0.01% w/v azide
(Sigma, 58032) on ice, and then incubated with 10% serum
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(Normal Goat Serum, abcam, ab7481) for 30 min on ice as a
blocking step, and then washed twice again. Cells were then
incubated with 100 pL primary antibody rabbit anti-human
CD 133* (Abnova, PAB12663) in working buffer (2% se-
rum in PBS BSA/azide buffer) for 30 min on ice. Cells were
then rinsed three times with PBS BSA/azide buffer and in-
cubated with 100 uL. of the secondary fluorescent antibody
(abcam, ab6717) in working buffer for 30 min on ice, pro-
tected from light. Cells were rinsed three times as before and
fixed in 4% parafomaldehyde for 10min. After fixation,
cells were rinsed once briefly with PBS, and then once with
tap water before being stained with 4'-6-diamidino-2-
phenylindole (DAPI) (Sigma, D9564) and mounted on glass
slides using 0.1M propylgallate (Sigma, 02370). Slides
were viewed using a fluorescent microscope (Carl Zeiss,
Axio Observer Z1),

Laser irradiation

After 24 h of incubation, the culture medium was removed
and the cells were washed with HBSS. Fresh medium was
added, and cells were irradiated using a 636 nm diode laser
(LTTAOQD-PLT20-636nm) provided by the National Laser
Center (NLC) of South Africa. The power output was mea-
sured using the FieldMate Laser Power Meter (Detector S/N:
125J07R) and the value was used to calculate the exposure
time. Cells were irradiated with energy densities of 5, 10, and
20J/emm:’. Cells were irradiated from above, at room temper-
ature with the culture dish lid off. Irradiation was performed
in the dark, omitting nuisance variables that would interfere
with the laser effect, such as polychromatic light. Laser pa-
rameters are shown in Table 1. Cell cultures were divided
into four study groups. Group | was an uniradiated control,
group 2 was irradiated at 5 J/em?, group 3 was irradiated at
10J/em?, and group 4 was irradiated at 20Jcm? Post-
irradiation, cells were incubated for 24, 48, or 72h.

Cell momphology

Morphological changes in the four different study gronps
of isolated lung CSCs were observed and studied using an
inverted light microscope (Wirsam, Olympus CKX41) 24,
48, cr 72h post-irradiation. Morphological pictures were
taken with the SC30 Olympus camera.

Adenosine lriphosphate (ATF) cell viability assay

The number of metabolically active cells was determined
using the CellTiter-Glo® luminescent cell viability assay

TaABLE 1. LASER PARAMETERS UsING
THE 636 NM Diobe LASER

Parameters Value

Semiconductor (diode)
636
Continuous wave

Laser type
Wavelength (nm}
Wave emission

Powe: cutput (mW) 85

Power density (mW/cm?) 9.36

Spot size (cm? 9.1

Fluence (J/cm™) 5, 10, and 20

8min 54 sec,17 min
48 sec, 35 min 36sec

Duration of
irradiation * min, sec
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(Whitehead Scientific, Promega, G7573). This homoge-
neous method determines the number of viable cells in
culture based on ATP quantitation. The assay utilizes the
properties of a proprietary thermostable luciferase, which
generates a luminescent signal proportional to the amount of
ATP present released upon cell lysis. According to the
manufacturer’s protocol, 50 gL of reconstituted reagent was
added to an equal volume of cell suspension. The contents
were mixed in a shaker for 2min to induce cell lysis. The
contents were then incubated at room temperature for
10min to stabilize the luminescent signal.>” The amount of
ATP was quantified, and luminescence was recorded using
the Perkin Elmer, VICTOR3™ Multilabel Counter (model
1420) in relative light units (RLUs).

Trypan blue exclusion assay

Trypan blue staining method was used to quantify per-
centage viable cells. The assay is employed to identify dead
cells, as cells that are viable have intact membranes and can
cffectively exclude the dye, whereas dead cells with com-
promised membranes become stained. Equal volumes of
0.4% Trypan blue (Invirogen™, Trypan Blue Stain [0.4%)]
T10282) and cell suspension were mixed and Ioaded into a
counting chamber, where the number of cells that were viable
and dead was counted using the Countess® Automated Cell
Counter. Percentage viability was determined by calculating
the number of viable cells from the total number of cells,

Alamar biue cell proliferation assay

Alamar blue is a quantitative assay that uses a fluoro-
metric growth indicator based on detection of metabolic
activity. It uses a redox indicator, where metabolically ac-
tive cells will reduce the dye Resazurin, which is blue, to its
reduced form Resorufin, which is a fluorescent red. Then,
100 L of cell suspension was added 10 a 96 well microtiter
plate, and 10mL AlamarBlue® reagent (Invitrogen™,
AlamarBlue® DAL1025) was added. The plate was incu-
bated for 3h (37°C in 3% CO,). Fluorescence was then
measured using the Victor-3 (Perkin-Elmer, Separation
Scientific) at Ex/fEm 560/590,

Statistical analysis

The isolated lung CSC cell lines were used between
passage numbers one and four. Experiments were repeated
four times (2=4). All assays were performed in duplicate,
and the average was used. Results were statistically ana-
lysed using Sigma Plot Version 8.0, and the mean, standard
deviation, and standard error were obtained. A student ¢ test
and one way ANOVA were performed to detect differences
between the control and experiments and between experi-
mental groups, as well as differences between controls and
treated samples from 24 to 72 h. Statistical significances are
indicated in the figures as p<0.05 (%), p<0.01, (*%) and
p<0.001 (),

Resuits

Immunoflucrescence

Expression of the CD 133 stem cell marker after CSC
isolation was determined by indirect immunoflucrescence



TABLE 2. PERCENTAGE VIABILITY OF IRRADIATED AND CONTROL CELLS
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Fluence
5 Hem® 10 Jew? 20 Jem?®
Time

24h 64.5 +4.9075 71.25 +6.9537 70.625 +2.7186

60 +5.4924 69 +11.158 69.875 +6.9263
48h 88.325 +3.0682 [~ 87 +2.7003 * 90.625 +2.3038

89.75 +4.2647 91.75 +2.1747 «  84.875 +2.5362
72h 92,625 +1.8861 92.375 +1.1434 95375 10.826

91.875 +1.519 95.625 +0.4732 93,375 +1.2479
Control = SE.

Trypan blue exclusion (percentage) was performed to assess cellular viability of different irradiation fiuences and measured after several
time intervals. Differences were noted when comparing viability from 24 to 72h post-irradiation, showing an increase in viability over time

from all different fluences used.

cancer treatments, but also about LILI when used as a
therapeutic model. Cancer treatments such as surgery, ra-
diotherapy, and chemotherapy still offer restricted prog-
nostic outcome when it comes to competence, and produce
undesirable side effects. Therefore, alternate therapeutic
options are essential, and need to be investigated.”™ The
focus needs to be turned to CSC-targeted therapy. LILI on
the other hand which has been used for its desired effects of
increased cell proliferation and viability,9 can be harmful,
bearing in mind CSC characteristics.

Previous studies conducted on lung cancer indicated that
CD 133 positive cells displayed a greater ability for self-
renewal, tumor initiation, and drug resistance.”® In previous
studies conducted using neuroblastoma (NB) tumor samples
expressing CD133, the marker was shown to repress cell
differentiation and accelerated cell proliferation, anchorage-
independent colony formation, and in vive tumor forma-
tion,”® all indicative of CSC characteristics.

In this study, we explored the possibility of outcomes
using LILI on lung CSCs. Lung CSCs were successfully
isolated using the CID 133 cell surface marker. Control cells
receiving no irradiation maintained their cell marphology,
whereas there was an increase seen in viability and prolif-
eration as a result of normal cell cycle maintenance. These
results concur with those of Mvula et al.'* In this study, cells
exposed to laser irradiation showed a similar trend com-
pared with control cells, although it should be noted that
when the test cells were compared with their unirradiated
controls over a time period of 2472 h, statistical differences
were obtained, indicating a remarkable increase in viability
and proliferation at the different fluences used, showing a
significant stimulation in the cell cycle leading to an expo-
nential rate in mitosis. There were changes in cell mor-
phology, increased cell viability, and increased cell
proliferation. These results can be explained by the fol-
lowing: previous studies suggest that LILI can stimulate
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cells with a wavelength of 636nm and a low fluence of
5J/cm®."* One SC characteristic is that they stay quiescent
until regeneration of cells stimulates the proliferation via a
specific signal, whereas CSCs proliferate uncontrollably
regardless of any cell signalling pathway,*! allowing the
unirradiated control CSCs and irradiated CSCs to prolifer-
ate at a similar rate. CSCs are capable of self-renewal op-
posing cell death,® even when exposed to higher fluences of
20 J/cmz, suggesting that irradiation at 5, 10, and 20 J/cm?
with a wavelength of 636 nm has no damaging effect, but
rather a proliferatory effect on lung CSCs. This is then in
agreement with previous studies also indicating that pa-
rameters such as wavelength, fluence, and intensity play an
important role in photobiomodulation of cellular metabo-
lism,"™'>'* which shows that wavelengths between 600
and 800 nm with fluences of 5-20J/em? can induce biosti-
mulation, whereas wavelengths of 800-1070 nm with flu-
ences of 2040 J/cm?® may be able to induce bioinhibition.

Conclusions

This study indicates the possible detrimental effect that
LILI may have when used as a biostimulatory therapy on
the underlying tissue CSCs when considering the prolif-
eration and viability induced using visible wavelengths.
Therefore, LILI should be used with caution clinically,
bearing in mind the risk of stimulating potential underiying
CSCs, as LILI provides optimum penetration depth in tis-
sue, reaching underlining cell layers, which may react
similarly to in this study. When considering the use of LILI
as a bioinhibitory treatment of human lung cancer, one
needs to explore these effects on lung CSCs, vsing higher
wavelengths such as IR, because visible red light initiates
CSC proliferation and viability. This study focused on lung
CSCs at 636 nm. Other CSCs may respond differently than
lung CSCs as it has been indicated in several studies that
cancer cell lines differ with respect to their response to
photobiomodulation. We propose that additional research
should be conducted to establish the effects of LILI on lung
as well as additional CSCs, determining the effect of
wavelength and fluence.
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