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expression of interlukine-2 and interferon-y in human T-lymphocytes
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Abstract

Objective: To evaluate the impact of laser irradiation of human T-cell lymphocyte in culture to determine the
photobiomodulatory effects of such irradiation on gene expression, and the release of growth factors and cytokines.
Method: The experimental study was conducted from November 2021 to April 2022 at the Postgraduate Anatomy
Laboratory, Mustansiriyah University, Baghdad, Irag, and comprised human blood samples T-cell lymphocytes were
extracted and irradiated, followed by the extraction of ribonucleic acid to assess the effect of laser on gene
expression of cytokines, interlukine-2 and interferon-gamma. A 589nm yellow light low-level laser beam from a
diode pumping solid state laser was used at doses 30J/cm2, 50J/cm?2 and 70J/cm? for an exposure time of 15
minutes. Reverse transcriptase-polymerase chain reaction was used to measure gene expression. Data was analysed

using GraphPad Prism 9.

Result: Cellular gene expression of the mediators changed significantly in response to laser irradiation at a variety
of dosage parameters, and these effects depended on the wavelength and radiation exposure (p<0.05).
Conclusion: The laser light may photobiomodulate the production of cytokines by human cells in vitro.
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Introduction

It has been demonstrated that low-energy visible light
stimulates cellular processes. Over the past three decades,
a technique known as photobiostimulation has been
employed to treat a variety of illnesses, including soft
tissue injuries, severe wounds, chronic pain and others'.
Low-level laser therapy (LLLT) is hypothesised to
photobiomodulate cell activity through a number of
mechanisms, including increased cell proliferation,
growth factor response within cells and tissues, and
adenosine triphosphate (ATP) and protein synthesis2.

When an injury is in its inflammatory and reparative
phases, cytokines play a crucial role. They are tiny,
secreted proteins that have an impact not just on other
cells, but also on immune cells. They comprise the
interleukins (ILs), lymphokines and other related
signalling molecules, such as interferons (IFNs) and
tumour necrosis factor-alpha (TNF-a). Studies showed
that laser treatment and mitogen stimulation significantly
boosted the production of cytokines, such IL-1q, IL-2, IFN-
gamma (y) and TNF-a in cultured blood mononucleated
cells. These findings suggest that laser can alter immune
processes3.
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IFN was formerly known as immune IFN, then type Il IFN.
Natural killer (NK) cells, T cells and NKT cells are the main
providers of IFN, and its receptor is found on practically all
cell types. The Janus kinase (JAK)/Signal Transducer and
Activator of Transcription (STAT) pathway is activated
when IFN binds to its receptor. IFN may trigger both pro-
and anti-inflammatory responses, which is important for a
balanced immune response. T-cell development is also
influenced by IFN signalling. Because of its pro-
inflammatory qualities, IFN has been linked to the
promotion of autoimmune disorders4.

IL-2 was first classified as a T-cell growth factor>.
Additionally, IL-2 transmits vital signals that help
regulatory T-cells (T-reg) grow in the thymus and later
support their homeostasis and function. Low levels of IL-2
signalling are sufficient for many important
characteristics of T-reg cells, but different levels of IL-2
signalling are required for each of these effects on T-
effector and T-reg cells®.

It is self-evident that light must be absorbed by
intracellular chromophores in order to interact with a
living cell. Endogenous porphyrins, mitochondrial and
membranal cytochromes, and flavoproteins were
discovered to be suitable candidates in the search for
photobiostimulation chromophores?. Experimentally, the
biological function of certain gene products is frequently
determined by stopping their expression in an organism
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and monitoring the phenotype that results’. The accuracy
of gene expression analysis and other ribonucleic acid
(RNA)-based downstream applications is dependent on
the quality and quantity of RNA. Only a few
methodological investigations comparing sample storage
and RNA extraction techniques for human cells have been
done so far8. The underlying issues should have also made
it clear that reverse transcriptase-polymerase chain
reaction (RT-PCR) assay design and analysis require
extreme caution®.

It has been proposed that LLLT increases cell growth both
directly and indirectly through modulating the expression
of genes involved in deoxyribonucleic acid (DNA)
synthesis and repair, as well as cell metabolism10.

The current study was planned to evaluate the impact of
laser irradiation of human T-cell lymphocyte in culture to
determine the photobiomodulatory effects of such
irradiation on gene expression, and the release of growth
factors and cytokines.

Materials and Methods

The experimental study was conducted from November
2021 to April 2022 at the Postgraduate Anatomy
Laboratory, Mustansiriyah University, Baghdad, Iraq. A
consecutive nonprobability sampling technique was
adopted. Phlebotomy was used to collect 4ml of blood
from healthy individuals. The study protocol was
approved by the institutional ethics review committee,
and all the volunteers furnished informed consent. A
portion of each sample was exposed to laser radiation,
while the other portion was used as a control. The blood
was collected using ethylenediaminetetra acidic (EDTA)
acid. A 589nm yellow light LLL beam from a diode
pumping solid state (DPSS) laser was used. The laser
doses were 30J/cm?, 50J/cm?2 and 70J/cm?2 and the
exposure time was 15 minutes. The laser beam was given
to the blood samples in tubes with a 5mm diameter
irradiation spot. Each blood sample was divided into two
parts; one was the non-irradiated control, and the other
was irradiated sample, which had samples irradiated
directly before the procedure as whole blood, as well as
another subgroup that was irradiated after the cell
cultured in plate at the same dose and time of irradiation.
Both tube samples were diluted with phosphate buffer
saline (PBS) (the same volume of the blood), and thenin a
new tube with added 3cc of lymphocyte separation
media before being centrifuged (ThermoScientific Jouan
C4l Benchtop Centrifuge, USA) for 20 minutes at G800.
After plasma removal, peripheral mononuclear cells
(PMCs) were washed twice with PBS to avoid
contamination, and then media  containing
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phytohemagglutinin (PHA) was added to the PMC in
order to stimulate T-lymphocyte proliferation. The cells
were then cultured in a tissue culture plate having 96
wells with flat bottom.

RNA extraction was done according to manufacturer’s
protocol (step One RNA extraction kit, Qiagen, USA).
Cultured T-lymphocytes were lysed, then cell lysate was
collected from the wells and diluted with PBS and
centrifuged. After that, buffer solution in specific volume
was added, followed by washing and centrifugation for 30
seconds. The mixture was added into minicolumns,
followed by ultracentrifugation. Finally, elution tubes and
nuclease-free water was used to collect the extracted
RNA. RNA concentration and purity were determined
using Nanodrop (ThermoFisher Scientific, USA), and the
RNA samples were stored at -80°C.

One-step RT quantitative PCR (RT-gPCR) kit (Promega,
GmbH, USA) was used for complementary DNA (cDNA)
synthesis and PCR amplification, according to the
manufacturer’s protocol. In a labelled Eppendorf tube,
reaction master mix, forward primer, reverse primer, RT
mix, magnesium dichloride (MgCl2) and nuclease-free
water were added, and then were mixed with the RNA
sample in specific concentration. The mix was added into
wells of 8-well PCR strips. The strips were covered and
loaded into thermal cycler (3G Tower, Analytik Jena
GmbH+Co. KG, Germany). The resultant CT (cycle
threshold) values were extracted in the form of an Excel
sheet for relative quantification analysis using AACT
method.

Data was analysed using GraphPad Prism 9. Two-way
analysis of variance (ANOVA) was used to determine
statistical significance of genes'’ relative quantity.

Results

At 30J/cm?, there was a 14.1-fold increase in IL-2
expression (p>0.0001) and a 9.65-fold increase in IFN-y
expression (p>0.0001) in case of in plate irradiated T-
lymphocytes. On the other hand, T-lymphocytes from
irradiated whole blood samples showed 4.05-fold
increase in IL-2 expression (p>0.001), while there was no
statistically significant increase in IFN-y expression
(p>0.05). In addition, there was a statistically significant
(p> 0.0001) difference in IL-2 and IFN-y expression
between in plate irradiated T-lymphocytes and T-
lymphocytes from irradiated whole blood samples
(Figure 1).

At 50J/cm2?, in plate irradiated T-lymphocytes showed
significant (p>0.0001) increase in IL-2 and IFN-y
expression at 7.05-fold and 5.6-fold, respectively. On the
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Figure-1: Impact of laser irradiation 30J/cm? on interleukin-2 (IL-2) & interferon-gamma
(IFN-y) gene expression. The samples were divided into 2 groups; T-lymphocytes obtained
from irradiated whole blood, and in plate irradiated T-lymphocytes. Gene expression of IL-2
and IFN-y was measured by reverse transcriptase-polymerase chain reaction (RT-PCR) and
expressed as Log2 of relative quantity to show fold change. ** =p < 0.01, **** =p < 0.0001
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Figure-2: Impact of laser irradiation 50)/cm? on interleukin-2 (IL-2) and interferon-gamma
(IFN-y) gene expression. The samples were divided into 2 groups; T-lymphocytes obtained from
irradiated whole blood, and in plate irradiated T-lymphocytes. Gene expression of IL-2 and IFN-
y was measured by reverse transcriptase-polymerase chain reaction (RT-PCR) and expressed as
Log2 of relative quantity to show fold change. *** =p < 0.001, **** = p < 0.0001
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Figure-3: Impact of laser irradiation 70J/cm? on interleukin-2 (IL-2) and interferon-gamma
(IFN-y) gene expression. The samples were divided into 2 groups; T-lymphocytes obtained
from irradiated whole blood, and in plate irradiated T-lymphocytes. Gene expression of IL-2
and IFN-y was measured by reverse transcriptase-polymerase chain reaction (RT-PCR) and
expressed as Log2 of relative quantity to show fold change. **** =p < 0.0001
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other hand, T-lymphocytes from irradiated whole
blood samples showed 7.42-fold increase in IL-2
expression (p>0.0001), and a 4.5-fold increase in IFN-y
expression (p>0.0001). There was no significant
difference in IL-2 and IFN-y expression between in plate
irradiated T-lymphocytes and T-lymphocytes from
irradiated whole blood samples (Figure 2).

At 70J/cm? dose, in plate irradiated T-lymphocytes
showed no significant difference in the expression of IL-
2 and IFN-y compared to the control samples (p>0.05).
T-lymphocytes from irradiated whole blood samples
showed 15.7-fold increase in IL-2 expression
(p>0.0001), and a 10.5-fold increase in IFN-y expression
(p>0.0001) as compared to the control samples. There
was a significant (p> 0.0001) difference in IL-2 and IFN-
y expression between in plate irradiated T-lymphocytes
and T-lymphocytes from irradiated whole blood
samples (Figure 3).

Discussion

The most significant discovery of the current study
related to how well the laser therapy could control the
release of growth factors and cytokines from
lymphocytes, and how this depended on wavelength,
energy density and other parameters''. The current
study found a significant increase in the levels of IL-2
and IFN-y after exposure to LLLL with a wavelength of
589nm, and there was a discrepancy in the case of
exposing cells to the laser in whole blood and when
exposed in the case of plate. Thus, it caused an increase
in ATP and the regulation of cytokines and gene
expression, and this corresponded to what other
studies had found'2.

According to a study, laser irradiation causes an
increase in mitochondrial membrane potential. LLL-
induced cell proliferation and differentiation, as well as
an increase in gene expression of cytokines and growth
factors, were seen in the cells studied3.

In the current study, three LLLs were used, 30J\cm?,
50J\cm2 and 70J\cm2 that were applied to whole blood
and in plate. There was highly significant increase of IL-
2 and IFN-y in the case of the plate at 30J\cm2. The
energy of 70J\cm2 showed that the best increase was in
the case of whole blood. Some research suggests that
the electron transport mechanism of the cell appears to
generate more reactive oxygen species (ROS), and in
the body, mitochondria are the primary generators of
free radicals 4. According to Wasik et al., visible laser
light stimulates the multiplication of B-lymphocytes
while having only a small impact on T-lymphocytes.
Laser irradiation initiates primary free radical processes
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that activate cells, resulting in this effect’s. Other
investigators have found that laser irradiation stimulates
B- and T-lymphocyte proliferation triggered by
mitogens'é. These findings encourage researchers to
investigate the various mechanisms by which whole
blood irradiation affects lymphocytes'”.

Additionally, the current study found the best dose after
irradiating whole blood at 70J/cm? and the best dose after
irradiating cells at 30J/cm? Biphasic dose response is also
consistent with the findings. For maximum bio-
stimulatory effect, it is important to identify the threshold
dose, which is the amount of energy required to achieve
this effect. When the dose exceeds the threshold by a
large margin, bio stimulation is replaced by bio
inhibition819,

Limitation: The current study has limitations as the
sample size was not calculated which could have affected
the power of the study.

Conclusion

There was unequivocal evidence that laser irradiation
could control gene expression and the release of growth
factors and cytokines from cells in culture. To clarify the
putative therapeutic implications of these cellular-level
changes, additional clinical research is needed.
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