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Anti-tumor effect of low power laser irradiation on gastroenterological cancer

Ye Tian

Interdisciplinary Program of Biomedical, Mechanical & Electrical Engineering, The
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Abstract

Primary hepatocellular carcinoma (HCC) and colorectal cancer (CRC) are two of the
most common clinical malignancies along with high morbidity and mortality. As
low-power laser irradiation (LPLI) can induce cytotoxicity or cell apoptosis on several
types of hyperplasia, LPLI may be a potential alternative treatment for
gastroenterological cancers. The current in vitro study focused on LPLI-induced
apoptosis and mechanism after 532-nm laser irradiation on two different carcinoma cells.
Squamous cell carcinoma (VX2) and murine colon carcinoma (CT26) cells were cultured
for the feasibility LPLI testing. The applied fluence varied from 0 to 600 J/cm® MTT
analysis, fluorescence imaging, wound healing assay, and cell apoptosis tests were
performed 24 hr post-irradiation to monitor cellular responses. The current results
demonstrated a dose-dependent stimulatory effect of LPLI on the cell viability, migration
and apoptosis of VX2 and CT26 cells. The therapeutic fluence of 600 J/cm? induced
statistically significant inhibition in the cell viability. Both the wound healing assay and
the cell apoptosis tests confirmed that LPLI with high fluences could inhibit cell
migration as well as induce cell apoptosis. The current findings demonstrate that LPLI

might be a potential treatment for the carcinoma cells. Further studies will be performed
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to evaluate the feasibility of LPLI in in vivo tumor models.
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1. Chapter 1: Introduction

1.1. Motivation

As the second global leading cause of cancer deaths, liver cancer has long been
a widely concerned issue. Primary hepatocellular carcinoma (HCC), a major form
of liver cancer, is currently known to be attributed to chronic HBV and HCV
infection, alcoholism, autoimmune hepatitis, diabetes, obesity, and a variety of
metabolic diseases [1]. The incidence of this cancer is almost equivalent to its
mortality rate [2]. According to data [3] from the Centers for Disease Control, the
incidence of HCC in the United States increased year by year from 2001 to 2006
(Figure 1). In 2012, the number of the diagnosed HCC cases worldwide was
estimated to be 700,000 [4]. In addition, colorectal cancer (CRC) is one of the
most common malignant tumors in the digestive system [5], and the second
leading cause of cancer mortality among cancers that affect both men and women
[6] (Figure 2). The disease usually begins as a polyp (benign tumor), and the
polyps eventually become cancerous over time [7]. The risk of colorectal cancer
is influenced by genetic and lifestyle factors. Studies of family clustering have
shown that about 20%-30% of colon cancer cases have a potentially definable
genetic cause, also it is estimated that 3%-5% of colon cancer occur in
genetically defined high-risk colon cancer family syndromes [8]. Therefore, the
prevention and treatment of CRC has become a hotspot in cancer control research.
As the existing postoperative chemotherapy drugs are not effective, it is of great

clinical significance to study and find the new alternative treatment schemes.

In recent years, the rabbit epidermoid VX2 tumor, which was derived from a
1



virus-induced skin papilloma, has been used as a model system for studying liver
cancer because of similarities of its blood supply to that of human liver tumors [9,
10]. Furthermore, a previous study reported that both VX2 and human HCC
model cell line (HepG2) share quite a few common features, which also supports
the rationality of VX2 cells as a model of liver cancer [11]. On the other hand,
CT26 from colon carcinoma in mice was often used as a colon cancer model in
vitro due to its rich blood supplies and rapid growth, which is similar to human

colon carcinoma in pathological and imaging characteristics [2].
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Figure 1. Hepatocellular carcinoma incidence rate, by sex
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Figure 2. Age-adjusted colorectal cancer incidence and death rates and Healthy People 2020 (HP

2020) targets

1.2.  Thesis contribution

The aim of this current study was to elucidate the induction of apoptosis and
its mechanism after 532-nm diode-pumped solid-state (DPSS) laser irradiation of
squamous cell carcinoma (VX2) and murine colon carcinoma (CT26) cells. In
Chapter 2, we constructed in vitro cell models of colon cancer and liver cancer,

3



and investigated the effects of different laser fluences on the cell viability of the
two types of cells. In order to exclude the influence of temperature, the
temperature of each well was monitored after LPLI treatment. In Chapter 3,
fluorescence staining, wound healing assay, and flow cytometry were performed
24 hours post-irradiation to monitor cellular responses. we quantitatively
compared the effects of different fluences of laser on cell migration, apoptosis,
and necrosis. Finally, Chapter 4 summarized the work, put forward conclusions

and future directions for development.
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2. Chapter 2: Low power laser irradiation for

gastroenterological cancer cells treatment

2.1. Abstract

Low power laser irradiation has been shown to regulate a variety of biological
processes, including cell viability, cell proliferation, cell migration and apoptosis.
The current study investigated the effect of LPLI with different fluences at 532
nm on the growth of two types of gastroenterological cancer cells in vitro. After
24 hours of laser irradiation, cell activity was measured by MTT assay.
Meanwhile, in order to eliminated the influence of photo-thermal effect, the
temperature of medium was monitored during the experiment. The experimental
results showed that high fluence (300-600 J/cm?®) LPLI significantly inhibited
cell viability, and the inhibitory effect of LPLI on cell viability mainly depends
on cell type and laser fluence. Furthermore, detection results of the temperature
(< 42 C) also showed that the cellular responses were associated with

non-thermal processes.

2.2. Introduction

Low-power laser irradiation (LPLI), which is also referred to low-level laser



therapy (LLLT), usually irradiates at 1 to 1000 mW/cm? [1]. This form of laser
therapy also known as photobiomodulation (PBM), primarily uses light to
promote tissue repair, reduce inflammation, and produce analgesia, with a
low-power light source (laser or LED) [2]. Due to the low power (usually less
than 1 W depending on the target tissue) there is no significant temperature rise in
the treated tissue, therefore, the basic structure of the tissue will not be
significantly changed after treatment [3]. Studies have shown that various
biological processes, including cell viability, cell proliferation, cell migration and
cell apoptosis, can be regulated by LPLI [4]. Some reports suggest that LPLI
interfere with cell cycle development and induce cytotoxicity or cell apoptosis in
some types of hyperplasia, revealing that it is a potential alternative cancer
treatment [5]. A 632 nm laser can induce significant cell growth with fluences
ranging from 3 to 15 J/cm?, whereas 50 J/cm® of laser irradiation inhibited the
viability of HeLa cells [6]. LPLI at 808 nm with fluences of 18, 32 and 54 J/cm?
reduced tumor proliferation in human-derived glioblastoma A-172 cells in a
dose-dependent stimulatory manner [7]. With respect to the cytotoxicity of laser
induced thermal therapy (LITT) on tumor treatments, LITT can not only reduce

the growth of tumor cells but induce the death of glioma cells isolated from the



brains of rats [8]. Furthermore, LPLI with high fluences (> 60 J/cm®) induced
apoptosis of ASTC-a-1 cells in human lung adenocarcinoma [9, 10]. However, a
study conducted by Frigo L et al. (2009) showed that LPLI with 1050 J/cm? at
660 nm promoted melanoma tumor growth in vivo [11]. These studies showed
that these two additional variables (power density and fluence) could affect

cellular response to laser irradiation.

LPLI can regulate various processes in different biological systems [12-14].
Passarella et al. [15] reported that compared to non-irradiated mitochondria, laser
irradiation could generate additional electrochemical potential and increase the
synthesis of Adenosine Triphosphate (ATP) in mitochondria. A recent
research [16] showed that the release of platelet-derived growth factor (PDGF)
and TGF-B induced by low-energy laser biological stimulation increased the
proliferation of fibroblasts. In addition, Yu et al.[16] found that the cytokines
released by the irradiated fibroblasts were significantly different from those
released by the nonirradiated fibroblasts. The data from these studies concluded
that the influences of LPLI on cell apoptosis and proliferation mainly rely on the
laser fluences and cell types. Nevertheless, despite various studies, the direct

effect of LPLI on VX2 and CT26 cells in culture has been poorly explored.



Therefore, the aim of this current study was to elucidate the induction of
apoptosis and its mechanism after 532-nm diode-pumped solid-state (DPSS)
laser irradiation of squamous cell carcinoma (VX2) and murine colon carcinoma

(CT26) cells.

2.3. Materials and Methods

2.3.1. Chemicals

Dimethyl sulfoxide (DMSO) was purchased from Samchun Pure Chemical
Co., Ltd. (Pyeongteak-si, Gyeongi-do, Korea). All cells were cultured in medium
including Dulbecco's modified Eagle's medium (DMEM). Dulbecco's modified
Eagle's medium/F12 (DMEM-F12) were obtained from Cellgro (Mediatech,
Massachusetts, USA). 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT) was obtained from Sigma-Aldrich. Fetal bovine serum (FBS)
and phosphate-buffered saline (PBS) were obtained from Gibco. All the

chemicals were used directly in experiments without further purifications.

2.3.2. Cell culture

Squamous cell carcinoma (VX2) cell was purchased from the Korea cell line

Bank (Seoul, Korea). The cells were grown in DMEM-F12, which was

9



supplemented with 10% FBS and 1% penicillin (100 units/ml)-streptomycin (100

mg/ml) at 37 “C in an atmosphere that humidified 5% CO,

Murine colon carcinoma, metastatic CT26 cell was purchased from the Korea
cell line Bank (Seoul, Korea). The cells were grown in DMEM containing 10%
FBS and penicillin (100 units/ml)-streptomycin (100 mg/ml), at 37 C in an

atmosphere that humidified 5% CO..

2.3.3. LPLI

A 1-W 532-nm diode-pumped solid-state (DPSS, Changchun New
Industries Optoelectronics Technology Co, Ltd, Changchun, China) laser was
employed to transmit laser light through a 600-um optical fiber in the continuous
wave (cw) mode for cell treatments (Figure 3). The average power at the distal
end of the optical fiber was measured by using a power meter (Handheld Laser
Power & Energy Meter NOVA Il, Ophir, Israel) before testing. The laser
irradiation experiments were conducted in triplicate at room temperature. Before
the laser irradiation, the plastic cap was removed from 24-well plates. The cells
were irradiated at the equivalent power density of 1 W/cm? for 100, 150, 200,
300, and 600 seconds. The corresponding fluences were 100, 150, 200, 300, and

600 J/cm?, respectively.
10
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Figure 3. Experimental setup for in vitro 532-nm laser irradiation on gastroenterological cancer

cells.

2.3.4. Cell viability by MTT assay

Cell viability was determined by using MTT assay that is based on the
conversion of MTT into formazan crystals by living cells. The cells were
inoculated on a 24-well plate (5% 10* cells/well) under standard conditions
(37 C, 5% CO, atmosphere). The cells were irradiated with laser and then
incubated for 24 hours. For detection of cell viability, MTT reagent was added to
the LPLI-treated cells, and the cells were cultured in a humidified atmosphere for

3-4 hours. An increase in staining quantity can directly reflect the number of
11



viable cells. The viability assays were based on the manufacturer’s instructions.
The cell viability after 532 nm laser irradiation was detected by MTT assay. The
MTT assay solution was obtained by dissolving 50 mg MTT powder in a 50 mL
PBS solution, and the mixed solution was filtered. After the cell medium was
removed, 300 ul MTT solution was added to each well, and the cells were
incubated for 3-4 hours at 37 C and 5% CO,. Then, the MTT solution was
removed, and 300 ul DMSO was added to each well. The absorbance of the
solution at 540 nm was measured after pipetting and shaking. In order to exclude
the influence of temperature, the temperature of each well was monitored after

LPLI treatment.

2.3.5. Statistical analysis

All experiments were executed and repeated at least three times, and data
were reported as mean =SD. The data were statistically analyzed by using the

non-parametric Mann-Whitney test, and p < 0.05 was considered significant.

2.4. Results

Anti-tumor effects of LPLI on cancer cells was verified by cell viability tests in

vitro. The cell viability of the irradiated VX2 and CT26 cells was measured 24

12



hours post-irradiation. Death of the VX2 and CT26 cells was induced by
low-power laser irradiation in a dose-dependent stimulatory manner. For VX2
cells, after 24-hour incubation, the cell viability decreased significantly as laser

fluences increased (Figure 4).
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Figure 4. Cell viability after MTT assay experiment: Squamous cell carcinoma VX2 cells were
seeded in 24-well plate overnight and exposed to LPLI at fluences of 5-600 J/cm? and water bath
heating for 2 hours. Solid triangles represent the medium temperature (°C) after LPLI (*p < 0.01 vs.

control).
For the CT26 cells, the cell viability did not changed initially as the fluences
increased, but after 200 J/cm? the cell viability declined rapidly (Figure 5).

During the tests, the temperature of the medium was measured and found to be

13



below 42 “C. It should be noted that the effect of temperatures between 36 C
and 42 “C for 2-hour incubation on the tumor cell viability is negligible [17]. To
confirm non-thermal effect during LPLI, both the cells lines were also heated in
a 42 'C water bath (Figure 4 and 5). The results showed that the cellular
responses were associated with non-thermal processes. In addition, previous
studies [18, 19] reported that laser irradiation therapy may damage normal cells
and tissues while killing cancer cells, leading to complications. Therefore, in this
experiment, human skin fibroblasts WS1 cells were selected as a control group
and subjected to high-fluence laser irradiation. As shown in Figure 6, the effect
of the high-fluence 532-nm LPLI is negligible on the cell viability of the normal

cells.

14
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Figure 5. Cell viability after MTT assay experiment: Murine colon carcinoma CT26 cells were
seeded in 24-well plate overnight and exposed to LPLI at fluences of 10-600 J/cm? and water bath
heating for 2 hours. Solid triangles represent the medium temperature (°C) after LPLI (*p < 0.01 vs.

control).
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Figure 6. Cell viability after MTT assay experiment: Effect of high-fluence LPLI on human skin

fibroblast WS1 cells viability were examined.

2.5. Results

LPLI has been widely researched due to its ability to induce inhibition tumor
cells, which makes it a potential cancer treatment. Effect of LPLI on cell
proliferation and death mainly depends on cell type and laser fluence. However,
the direct effect of LPLI on squamous cell carcinoma and murine colon
carcinoma cells in culture remains unexplored. In this study, the differences in the
cell viability between untreated cells (control) and LPLI-treated cancer cells were
evaluated by using MTT analysis. As shown in Figure 4, LPLI at 532 nm with a

fluence of 600 J/cm? exerted a strong cytotoxicity, inhibiting the viability of VX2

16



cells. However, for CT26 cells, a significant inhibitory effect was generated at a
much lower fluence of 200 J/cm?, which implicates that LPLI has different effects
on different cell lines. In addition, some studies showed mechanism of laser
thermal inhibition of tumor [20, 21]. For instance, Fisher JW (2010) reported that
a combination of laser irradiation and multi-walled carbon nanotubes (MWNTS)
elevated the temperature of the media and reduced the size of the tumor in human

prostate cancer and murine renal carcinoma cells [21, 22].

In the current study, all the cells were subjected to laser irradiation at room
temperature (26 C), and the medium temperature was monitored after the laser
irradiation (0-600 J/cm?). The temperature monitoring confirmed that after the
irradiation, the temperature of the media slightly increased to 42 ‘C (Figure 4 and
5). Moreover, the cells in a 42 € water bath experienced negligible thermal
responses, indicating that the anti-tumor effects of LPLI in this study was
associated with a non-thermal process. In order to verify whether LPLI may have
an effect on normal cells while killing cancer cells, human skin fibroblasts were
also selected for high-fluence laser treatment in the experiment. The results

(Figure 6) showed minimal effect of LPLI on the WS1 cell viability.
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2.6. Conclusion

Above all, this phase of study confirmed that high fluence LPLI significantly

inhibited the growth of gastroenterological cancer cells in vitro. The 600 J/cm?

and 200 J/cm? 532 nm laser irradiation reduced the viability of VX2 and CT26
cells, respectively, indicating that LPLI has different effects on different cell lines.
In addition, the temperature monitoring results also exclude the influence of laser
thermal effect. The next phase will continue to explore the specific anti-tumor

mechanism of LPLI on gastroenterological cancer cells in vitro.
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3. Chapter 3: In vitro investigation of anti-tumor

effects of low power laser irradiation

3.1. Abstract

High fluence LPLI also use low-power light source, but forms
overstimulation on cells or tissues through high fluences (usually above 80
J/lcm?), which in turn activates the mitochondrial apoptosis pathway, altering the
cell cycle, inhibiting cell proliferation and even causing cell death. Based on the
conclusions of the previous chapter, this study aims to investigate LPLI-induced
apoptosis and its mechanism after 532-nm high fluence LPLI on two different
cancer cells. Fluorescence staining, cell migration assay, and cell apoptosis tests
were performed 24 hours post-irradiation to monitor cellular responses. Both
wound healing and apoptosis experiments confirmed that high-throughput LPLI
could inhibit cell migration and induce apoptosis. The current findings

demonstrate that LPLI might be a potential treatment for the carcinoma cells.

3.2. Introduction

In the previous chapter, we mainly introduced the concept and research status

of LPLI. Low-power laser irradiation (LPLI) has been shown to regulate a variety
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of biological processes [1], including cell proliferation and differentiation [2], cell
viability [3], and cell apoptosis [4]. However, current studies have shown that the
effect of LPLI on cell proliferation is promoted at relatively low fluence and
inhibited at higher fluence [5]. High fluence LPLI also use low-power light
source, but forms overstimulation on cells or tissues through high fluences
(usually above 80 J/cm?), stimulates mitochondrial chromophores and the release
of various inflammatory factors (Figure 7), which in turn activates the
mitochondrial apoptosis pathway, alters the cell cycle, inhibits cell proliferation
and even leads cell death [6]. With the advantage of being non-invasive, High
fluence LPLI has been widely used in anti-tumor area in recent years. Previous
studies have stressed experimental and clinical results supporting the potential
anti-tumor effects of high fluence LPLI [7][8]. A phase I trial in patients with
advanced neoplasias demonstrated that a first treatment approach using an
infrared pulsed laser device was safe for clinical use and improved Karnofsky
Performance Status (KPS) and Spitzer Quality of Life Index (QLI) [9]. Also new
data have further confirmed that, under certain parameters, high fluence LPLI
may indeed be safe for use in cancer patients, despite decades of controversy

[10][11]. Anti-tumor activity was observed in 88.23% of patients with a 10-year
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of follow-up and 96% compliance of the treatment prescribed [12]. Furthermore,
several identified experimental studies [13][14][15] have further documented that
LPLI can modulate anti-tumor effects. Surveys such as that conducted by Tanaka
(2010) evaluated the non-thermal effects of IR radiation on cancer cells and
found that IR light, independent of thermal energy, can kill cancer cells [16].
Wang et al. [17] have showed that low-power laser irradiation may induce

apoptosis of human lung adenocarcinoma cells.

Nevertheless, despite various studies have confirmed the anti-tumor effect of
LPLI on a variety of different cancers, the direct effect of LPLI on
gastroenterological cancer in vitro has been poorly explored. Therefore, in the
previous chapter, the anti-tumor effect of LPLI on gastroenterological tumors in
vitro were mainly investigated. MTT assay was performed after 24 hours laser
irradiation. The current results indicate that high fluence LPLI does significantly
inhibit cell activity in two types of gastroenterological cancers. However, the
specific effects on cell growth, migration and apoptosis are unclear. Therefore,
we will further explore the in vitro anti-tumor mechanism of LPLI in this

chapter.

24



Extracellular matrix

@ 8 Q\ // 3
= @

-—

) ()

Nucleus

Figure 7. LPLI stimulates the production of mitochondrial reactive oxygen species (ROS) leading

to the release of various inflammatory factors in cancer cells.

3.3. Materials and Methods

Flourescein  diacetate  (FDA), 4'6-diamidino-2-phenylindole (DAPI),
propidium iodide (PI) and antibodies were obtained from Sigma-Aldrich. All the
chemicals were used directly in experiments without further purification. For
cells seeding and laser treatment conditions were performed as presented in

Chapter 2.

3.3.1. Live and dead cells fluorescence staining

VX2 and CT26 cells were inoculated on a 24-well plate (5x<10* cells/well)

under standard conditions (37 <C, 5% CO, atmosphere). The cells were subjected
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to laser irradiation. After 24 hours, the LPLI-treated cells were stained with
FDA/DAPI/PI fluorescence staining and then observed with a fluorescence
microscope to estimate the effect of LPLI on death of tumor cells. FDA stock
solution (25 mg/ml dissolved in acetone), DAPI stock solution (1 mg/ml
dissolved in acetone) and PI stock solution (1 mg/ml dissolved in distilled water)
were stored in the refrigerator of 4 <C. Then, 7 ( of FDA, 42 i DAPI and 42 i
PI stock solution were diluted into a 4.2 ml of medium. The staining time was
7—10 minutes. After the staining, the cells were washed three times with 300 pl
PBS, and they were then observed under a fluorescence microscope. Bright
green or blue cells represented viable cells, while red cells were considered

nonviable.

3.3.2. Cell migration assay

To assess effect of LPLI on cell migration, an in vitro wound healing assay
was conducted. VX2 and CT26 cells were inoculated into 24-well plates (5x10*
cells/well) and incubated at 37 'C and 5% CO, atmosphere for 24 hours. A
wound scratch was made to disrupt a confluent cell monolayer. The tumor cells
were irradiated by 532-nm light at 1 W/cm? for various irradiation times. The

cell migration was estimated by applying phase contrast microscopy for a period
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of 48 hours, which was sufficient to complete scratch closure. The area devoid of
the cells was calculated in pixels at 0, 12, 24 and 48 hours by using Image J
(National Institute of Health, Bethesda, MD). The percentage reduction of the

scratched area between the first and last time points was calculated.

3.3.3. Cell apoptosis analysis

Annexin V/PI staining analysis was used for further detecting the proportion
of early apoptosis cells and late apoptosis/necrosis cells [18]. VX2 and CT26
cells were inoculated into 24 well plates at the density of 4x10° cells/well and
3%10° cells/well, respectively. Then, the cells were irradiated with 532-nm light
and incubated for 4 hours. The cells were harvested with a microcentrifuge tube
after incubation and were washed twice with 100 pl cold PBS. Then, the cells
were resuspended in a buffer solution (140 mM NaCl, 2.5 mM CaCl,, 10 mM
Hepes/NaOH) at a concentration of 1<10° cells/ml. An Annexin V/PI staining
solution was added to the cells. The cells were gently stirred and incubated at
room temperature (26 °C) in the dark environment for 15 minutes. A 400 pl of
buffer solution was added to each microcentrifuge tube. The cells were analyzed
by using flow cytometry within 1 hour. Each sample was analyzed at least 110"

cells. Pl negative, Annexin V positive or both Annexin V and Pl positive
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percentage cells were used to represent the number of early apoptosis cells and
late apoptosis/necrosis cells, respectively. The data were analyzed by the leading

platform FlowJo for single-cell flow cytometry analysis.

3.3.4. Statistical analysis

All experiments were executed and repeated at least three times, and data
were reported as mean =SD. The data were statistically analyzed by using the

non-parametric Mann-Whitney test, and p < 0.05 was considered significant.

3.4. Results

3.4.1. FDA/DAPI/PI staining

The treated VX2 and CT26 cells stained by FDA, DAPI and Pl were
observed to evaluate anti-tumor effect of LPLI on the tumor cells (Figure 8 and 9)
under a fluorescence microscope. The green emission comes from the viable
cells nuclei stained by FDA, the blue emission from nuclei stained by DAPI, and
the red emission from the nonviable cells stained by PI. Both control (Figure 8a
and 9a) and low fluence (Figure 8b and 9b) displayed clear green and blue, and
minimal red emissions from the nuclei, indicating that the cells were viable. For

VX2 cells, the cells irradiated by a high fluence laser (300-600 J/cm?) exhibited
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a slight increase in the red emission, thus revealing a slight increase in the
number of the dead cells (Figure 8c and 8d). In contrast, the CT26 cells treated
with a high fluence laser showed a significant increase in cellular death (Figure
9c and 9d), indicating selective anti-tumor effects as a result of the LPLI

treatments.

(d)

Figure 8. Fluorescence microscopy analysis of VX2 cell death at various fluences: Nuclei were
stained with FDA (green), DAPI (blue), and dead cells were stained with PI (red): (a) control, (b)

100 J/cm?, (c) 300 J/em?, and (d) 600 J/cm? (Magnification = 40x and scale bar = 20 pm).
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Figure 9. Fluorescence microscopy analysis of CT26 cell death at various fluences: Nuclei were
stained with FDA (green), DAPI (blue), and dead cells were stained with Pl (red): (a) control, (b)

100 J/cm?, (c) 300 J/cm?, and (d) 600 J/cm? (Magnification = 40x and scale bar = 20 pm).

3.4.2. Invitro cell migration assay

The correlational analysis results of wound healing assay were presented in
Figure 10 and 11. The wound size decreased over time, and the rate of wound
healing was used as a measure of cell migration. In a range of laser fluences
(100-600 J/cm?), the migration rate of the cells from the border of the original
scratch zone to the inner was decelerated. For VX2 cells, the migration rate was

significantly reduced at 600 J/cm?, while for CT26 cells, the migration rate nearly
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stopped at 200 J/em?. Figure 10a and 11a present photomicrographs of the cells.
Measurements of wound widths indicated that the wound closure was inhibited in

an irradiation-dose-dependent manner, compared to non-irradiated control (0

Jlem?).
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Figure 10. Wound healing assay of VX2 cells: (a) the images of wound variations at 0, 12, 24 and

48 hours after laser treatment (Magnification = 100% and scale bar = 20 um) and (b) wound size
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variations as function of time (*p < 0.05 vs. control).
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Figure 11. Wound healing assay of CT26 cells: (a) the images of wound variations at 0, 12, 24 and

T

48 hours after laser treatment (Magnification = 100x and scale bar = 20 um) and (b) wound size

variations as function of time (*p < 0.05 vs. control).

3.4.3. Cell apoptosis analysis

As cell apoptosis is an important indicator for cancer therapy, effect of LPLI on
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apoptosis induction in VX2 and CT26 cells were evaluated. Experimental results
show that high-fluence LPLI increased the number of apoptosis cells in the VX2
cells population. In contrast, for the CT26 cells, LPLI yielded a more significant
ability to induce apoptosis at the same fluence (Figure 12a and 12b). The current
findings were consistent with those of cell viability assay, suggesting that LPLI is

a feasible treatment for carcinoma cells.
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Figure 12. (a) Effect of LPLI on apoptosis in VX2 and CT26 cells: (a) Squamous cell carcinoma
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VX2 and murine colon carcinoma CT26 cells were exposed to LPLI at fluences of 0, 100, 300, or
600 J/cm? and then incubated for 4 hours. The cells were harvested for Annexin V/PI staining and
were analyzed with a FACS flow cytometer. (b) The percentages of early apoptotic cells
(AnnexinV+/PI-) and late apoptotic/necrotic cells (AnnexinV+/P1+) in LPLI-treated cells were

evaluated

3.5. Results

Cell morphology and the ratio of dead and alive cells after laser irradiation
were observed by using fluorescence microscopy following FDA/DAPI/PI
staining. As shown in Figure 8 and 9, fluorescence staining images demonstrated
that LPLI with high fluences may induce both VX2 and CT26 cell death.
However, compared to the VX2 cells, the CT26 cells were more affected by the
532-nm laser irradiation. These results corroborate those of previous studies
showing that the cell death induced by laser irradiation mainly depends on the
laser fluences and cell type. Furthermore, cell migration is an important feature
for spread and metastasis of tumor cells [19, 20]. Thus, the effect of LPLI on the
migration of cancer cells was evaluated. It was found that LPLI reduced the
migration of the VX2 and the CT26 cells (Figure 10 and 11). For the VX2 cells,
the migration rate was significantly reduced at 600 J/cm? while for the CT26

cells, the migration rate almost stopped at 200 J/cm? The apoptosis results
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showed that the high-fluence LPLI induced apoptosis of the VX2 cells. In
comparison, LPLI yielded a more significant apoptosis-inducing effect on the
CT26 cells at the same fluence. It is speculated that LPLI may trigger
mitochondrial oxygen stress by exciting endogenous photoacceptor, thereby
inducing mitochondrial apoptosis pathway. However, Further experiments are
needed to verify the specific molecular mechanism for apoptosis induction and
migration inhibition. The current results of the wound healing assay and
apoptosis tests were consistent with those of the previous experiments, suggesting
that LPLI be a potential therapy for primary hepatocellular carcinoma and colon

carcinoma patients.

Although the VX2 cells have been used to study liver tumor because of similar
blood supply to that of human liver tumor, the cells were originally derived from
a carcinoma of a domestic rabbit skin wart induced by rabbit papillomavirus [21].
In spite of the favorable outcomes, the inhibitory effect of LPLI on the VX2 cells
may not directly evidence that LPLI could be used to treat hepatocellular
carcinoma. Additionally, effects of LPLI-induced apoptosis were found to be
different between the two types of the cell lines. However, due to the limitations

of in vitro cell tests, further in vivo animal experiments are still required to
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confirm the current findings. Therefore, the next step of this study is to establish
a VX2 model of liver cancer in rabbits and a CT26 model of colon carcinoma in
mice, so as to better understand the mechanism of LPLI for gastroenterological

tumor treatment.

3.6. Conclusion

The goal of the current in vitro study was to assess effect of LPLI on
hepatocellular carcinoma and colon cancer cell models. LPLI with 532 nm at 600
Jlcm? significantly induced apoptosis in VX2 and CT26 cells. LPLI may be a
potential therapy for treating gastroenterological carcinoma. Further studies will

be conducted to evaluate the propose treatment in in vivo animal tumor models.
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4. Chapter 4: Conclusions and Future Studies

4.1. Conclusions

In this work, VX2 and CT26 cells were irradiated by 532 nm laser with a series

of fluences. And the cells responses were investigated deeply.

High fluence LPLI significantly inhibited the growth of gastroenterological
cancer cells in vitro. The 600 J/cm? and 200 J/cm? 532 nm laser irradiation
reduced the viability of VX2 and CT26 cells, respectively, indicating that LPLI

has different effects on different cell lines.

In addition, the temperature monitoring results also exclude the influence of
laser thermal effect. Both the wound healing assay and the cell apoptosis tests
confirmed that LPLI with high fluences could inhibit cell migration as well as

induce cell apoptosis.

Above all, LPLI with 532 nm at 600 J/cm? significantly induced apoptosis in
VX2 and CT26 cells. LPLI may be a potential therapy for treating

gastroenterological carcinoma.

4.2. Future Studies

Although our work confirmed that 532-nm high fluence LPLI (300-600 J/cm?)
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can induce apoptosis of gastroenterological cancer cells in vitro, the specific

molecular mechanism is still unknown. Moreover, for an ongoing disease, the

complexity of the multicellular environment makes it hard to predict tumor

behavior and cell culture studies alone are inadequate to for assessment of tumor

responses.

Therefore, for the future studies, it is necessary to further explore the specific

molecular mechanism of LPLI inducing apoptosis of cancer cells. Also try to

establish an in vivo tumor models, so as to evaluate the feasibility of LPLI in

animal tests.
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