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Abstract
Acute lung injury and acute respiratory distress syndrome can occur as a result of sepsis. Cardiac dysfunction is a serious 
component of multi-organ failure caused by severe sepsis. Telomere shortening is related to several heart diseases. Telomeres 
are associated with the shelterin protein complex, which contributes to the maintenance of telomere length. Low-power infra-
red lasers modulate mRNA levels of shelterin complex genes. This study aimed to evaluate effects of a low-power infrared 
laser on mRNA relative levels of genes involved in telomere stabilization and telomere length in heart tissue of an experi-
mental model of acute lung injury caused by sepsis. Animals were divided into six groups, treated with intraperitoneal saline 
solution, saline solution and exposed to a low-power infrared laser at 10 J  cm−2 and 20 J  cm−2, lipopolysaccharide (LPS), 
and LPS and, after 4 h, exposed to a low-power infrared laser at 10 J  cm−2 and 20 J  cm−2. The laser exposure was performed 
only once. Analysis of mRNA relative levels and telomere length by RT-qPCR was performed. Telomere shortening and 
reduction in mRNA relative levels of TRF1 mRNA in heart tissues of LPS-induced ALI animals were observed. In addition, 
laser exposure increased the telomere length at 10 J  cm−2 and modulated the TRF1 mRNA relative levels of at 20 J  cm−2 
in healthy animals. Although the telomeres were shortened and mRNA levels of TRF1 gene were increased in nontreated 
controls, the low-power infrared laser irradiation increased the telomere length at 10 J  cm−2 in cardiac tissue of animals 
affected by LPS-induced acute lung injury, which suggests that telomere maintenance is a part of the photobiomodulation 
effect induced by infrared radiation.
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1 Introduction

Acute respiratory distress syndrome (ARDS) is a complex 
process and most serious form of Injury (ALI) [1], with 
approximately 150,000 individuals diagnosed with ARDS 
in the United States and approximately 1 million people 
worldwide annually. ARDS has different etiologies and 
can result in respiratory failure and death [1, 2]. Currently, 
the Severe Acute Respiratory Syndrome Coronavirus 2 
(SARS-CoV-2) pandemic has increased the interest in 
understanding the ARDS [3]. Patients infected with coro-
navirus disease 19 (COVID-19) have flu-like symptoms, 
rapidly evolving into ARDS [4, 5]. ARDS may result from 
a direct lung injury, pneumonia, aspiration of gastric con-
tents, inhalational injury or indirect lung injury, severe 
trauma, acute pancreatitis, and sepsis [6].

Sepsis often progresses to ALI, ARDS, and bilateral 
pulmonary infiltration [7], affecting more than 19 mil-
lion people annually. Although the hospital mortality has 
decreased, from 35% in 2000 to 18% in 2012, patients who 
survive sepsis often experience new symptoms, prolonged 
disability, and worsening of health conditions [8]. Multi-
organ failure represents the most severe consequence of 
sepsis and septic shock, associated with high mortality 
rates and long-term morbidity in survivors [9]. Cardiac 
dysfunction is a serious component of multi-organ fail-
ure, caused by a severe sepsis [10] and characterized by 
an impaired contractility, diastolic dysfunction, reduced 
cardiac index, and ejection fraction [11]. Approximately 
50% of the patients diagnosed with sepsis exhibit signs of 
myocardial dysfunction [12].

Interestingly, increased risk of myocardial dysfunction, 
ischemic heart disease, early death, and heart failure has 
been associated with telomere shortening [13–16]. Also, 
telomere length analyses in biopsied diseased heart tissues 
and cardiomyocytes demonstrated the association between 
telomere shortening in adult heart affected by cardiac dis-
eases and heart failure [15–17].

In 2009, telomeres were recognized as a fundamental 
aspect of cell biology with the Nobel Prize in Physiology 
or Medicine awarded to researchers who discovered how 
chromosomes are protected by telomeres and telomerases 
[18]. Telomeres are repetitive nucleoprotein structures at 
the chromosome ends [19]. Telomere shortening occurs 
with a decrease in the number of these repetitions and is 
associated with cell senescence and apoptosis [20]. The 
maintenance of the telomere length is influenced by a pro-
tein complex, the Shelterin proteins, which allows cells to 
distinguish the natural ends of chromosomes from sites of 
DNA damage [21, 22]. Shelterin is a six-subunit protein 
complex including telomere repeat binding factors 1 and 
2 (TRF1 and TRF2), TRF1-interacting protein 2 (TIN2), 

protection of telomere protein 1 (POT1), TIN2 and POT1 
interacting protein (TPP1), and repressor/activator protein 
1 (RAP1) [20].

Previous studies have demonstrated modulation of 
mRNA levels from shelterin complex genes after expo-
sure to a low-power infrared laser [23, 24]. These lasers 
are considered safe and effective nonionizing sources with 
well-established photobiomodulation effect on cells and 
tissues in the so-called therapeutic window [25, 26, 26]. In 
a study, it was demonstrated that exposure to a low-power 
infrared laser increases the mRNA levels of TRF1 and 
TRF2 genes in myoblasts, which can conibute to telomere 
stabilization [23]. In another study, mRNA relative levels 
of TRF1 and TRF2 genes were modulated by a low-power 
infrared laser in injured skeletal muscle in an experimental 
model of muscle injury [24].

Although the effects of low-power infrared lasers on the 
telomere stability in cells and tissue have been evaluated 
[23, 24], no studies have been carried out to evaluate the 
photobiostimulation effect of a low-power infrared laser 
on the telomere stabilization in healthy or diseased heart 
tissue. Thus, this study aimed to evaluate effect of a low-
power infrared laser on mRNA relative levels of genes 
involved in telomere stabilization and telomere length in 
heart tissue from an experimental model of acute lung 
injury by sepsis.

2  Materials and methods

2.1  Low‑power laser

A therapeutic low-power infrared (808 nm) laser (Photon 
Lase III, AsGaAl), purchased from D.M.C. Equipamentos 
Ltda (São Paulo, Brazil), in the continuous-wave emission 
mode was used in this study. The laser parameters are pre-
sented in Table 1.

Table 1  Photobiomodulation physical parameters

Wavelength 808 nm
Power 100 mW
Spot size 0.028  cm2

Power density 3.541 W  cm−2

Energy per point 0.28 J and 0.56 J
Energy density 10 J  cm−2 and 20 J  cm−2

Time per point 2 s and 5 s
Number of points in heart 1
Application technique Punctual by skin contact
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2.2  Experimental procedure

Thirty male Wistar rats (mass: 285.0 ± 22.9 g) were obtained 
from the Departamento de Ciências Fisiológicas vivarium 
(Universidade Federal do Estado do Rio de Janeiro, Brazil). 
All animals were 3–4 months old at the time of the experi-
ment. The animals were kept in an animal room with con-
trolled environmental conditions (12 h light/12 h dark, 22 
°C) on closed ventilated shelves. The animals received rat 
chow pellets and water ad libitum. The ALI by sepsis was 
induced by intraperitoneal administration of lipopolysaccha-
ride (LPS) from Escherichia coli (Sigma-Aldrich, USA) at 
10 mg  kg−1. LPS-induced animal model causes acute injury 
to the epithelial and endothelial barriers in the lungs [27]. 
LPS activates alveolar macrophages, through which neutro-
phils infiltrate and damage the lungs. Neutrophils produce 
additional cytokines, which have a crucial role as signaling 
molecules that initiate and perpetuate inflammatory response 
at the local and systemic levels [28], which has been used 
in an experimental model, similar to ALI/ARDS in humans 
[27].

For the experimental procedure, animals were anes-
thetized with an intraperitoneal bolus of ketamine (80 mg 
 kg−1) and xylazine (8 mg  kg−1) [29], and then randomly 
assigned to six main groups of five animals each: (1) CON-
TROL GROUP were animals treated with an intraperitoneal 
saline solution (0.9% NaCl); (2) LASER-10 were animals 
treated with an intraperitoneal saline solution and, after 4 
h, exposed to an infrared laser at 10 J  cm−2; (3) LASER-20 
were animals treated with an intraperitoneal saline solution 
and, after 4 h, exposed to an infrared laser at 20 J  cm−2; 
(4) ALI (acute lung injury) were animals treated with an 
intraperitoneal LPS (10 mg  kg−1); (5) ALI-LASER10 were 
animals treated with an intraperitoneal LPS (10 mg  kg−1) 
and, after 4 h, exposed to an infrared laser at 10 J  cm−2; (6) 
ALI-LASER20 were animals treated with an intraperitoneal 
LPS (10 mg  kg−1) and, after 4 h, exposed to an infrared laser 
at 20 J  cm−2. All groups were manipulated simultaneously. 
LPS solutions were prepared in a saline solution immedi-
ately before use to induce ALI. The protocol for the induc-
tion of ALI by LPS has been reported [26, 28, 30, 31]. ALI 
was observed after 24 h.

Laser irradiation was performed after sedation with an 
intraperitoneal bolus of ketamine (80 mg  kg−1) and xylazine 
(8 mg  kg−1), at the dorsal decubitus position, and trichot-
omy of the thoracic region of the animals. The irradiation 
was performed only once at a single point above the heart. 
The low-power infrared laser exposure was carried out 4 h 
after the ALI induction. 24 h after the LPS-induced ALI 
or after the irradiation procedure, the animals were eutha-
nized with anesthetic over-dose and laparotomy was per-
formed for heart removal and further analysis. This study 
was approved by the Universidade Federal de Juiz de Fora 

Research Ethics Committee, Minas Gerais, Brazil (process 
number 012/2016).

2.3  DNA extraction

After the euthanasia, samples of heart tissue were collected 
and transferred to microcentrifuge flex tubes with TRIzol® 
reagent for total RNA extraction using a standard proce-
dure. TRIzol® reagent was added and samples were crushed 
in microcentrifuge flex tubes and centrifuged (12,000 g, 4 
°C, 5 min). Supernatants were transferred to other tubes, 
chloroform was added, mixtures were centrifuged (12,000 
g, 4 °C, 15 min), aqueous phases were transferred to other 
tubes, and isopropanol was added. After incubation (room 
temperature, 15 min), the mixtures were centrifuged (12,000 
g, 4 °C, 10 min), supernatants were discarded, and the pre-
cipitate was washed with an ethanol–DEPC (80% ethanol, 
0.1% DEPC) solution and centrifuged. DNA was suspended 
in NaOH and the mixtures were centrifuged (12,000 g, 4 °C, 
10 min). The supernatant was transferred to other tubes, the 
pH was adjusted, and the samples were stored (-20 °C). The 
experimental protocol for DNA extraction was performed 
according to the manufacturer’s instructions (TRIzol® rea-
gent, Invitrogen, USA).

2.4  Telomere measurement

The telomere length was measured by real time PCR as pro-
posed by Cawthon [32]. The telomere primers were tel 1 at 
270 nM and tel 2 at 900 nM. The reference gene was 36B4. 
The sequences of the genes analyzed by RT-qPCR are listed 
in Table 2. The final 36B4 (single-copy gene) primer con-
centrations were: 36B4u and 36B4u at 300 nM. For telomere 
RT-qPCR, 18 cycles at 95 °C for 15 s and at 54 °C for 2 
min were carried out. For 36B4 PCR, 30 cycles at 95 °C for 
15 s and at 58 °C for 1 min were carried out. The reactions 
were run on an Applied Biosystems 7500 RT-qPCR machine 
(Applied Biosystems, USA). Duplicate CT values were ana-
lyzed in Microsoft Excel (Microsoft) using the comparative 

Table 2  Sequences of the analyzed genes by RT-qPCR

Tel Forward (tel 1): 5′-GGT TTT TGA GGG TGA GGG 
TGA GGG TGA GGG TGA GGG T -3′

Reverse (tel 2): 5′- TCC CGA CTA TCC CTA TCC 
CTA TCC CTA TCC CTA TCC CTA -3′

36D4 Forward: 5′- ACT GGT CTG GGG CCT GAG AAG -3′
Reverse: 5′- TCA ATG ATA CCT CTG GAG ATT -3

TRF1 Forward: 5′- AGT TGC AGC AGG AAA GTC TCT -3′
Reverse: 5′- GGG CTG ATT CCA AGG GTG TA -3′

TRF2 Forward: 5′- GCA GAA GAT GTT GCG CTT CC -3′
Reverse: 5′- CCA CTG GCT CTG TGT GCT TT -3′

GAPDH Forward: 5′- ATG ATT CTA CCC ACG GCA AG -3′
Reverse: 5′- CTG GAA GAT GGT GAT GGG TT -3′
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CT (2 − ΔΔCT) method [33]. RT-qPCR for each sample was 
performed in duplicate.

2.5  Total RNA extraction

After the euthanasia, samples of heart tissue were collected 
and transferred to microcentrifuge flex tubes with TRIzol® 
reagent for total RNA extraction using a standard procedure. 
TRIzol® reagent was added and samples were crushed in 
microcentrifuge flex tubes and centrifuged (12,000 g, 4 °C, 
5 min). Supernatants were transferred to other tubes, chloro-
form was added, mixtures were centrifuged (12,000 g, 4 °C, 
15 min), aqueous phases were transferred to other tubes, and 
isopropanol was added. After incubation (room temperature, 
15 min), the mixtures were centrifuged (12,000 g, 4 °C, 10 
min), supernatants were discarded, and precipitates were 
washed with an ethanol–DEPC (80% ethanol, 0.1% DEPC) 
solution and centrifuged. Supernatants were withdrawn and 
total RNA was reconstituted in a water–DEPC (0.1%) solu-
tion and stored (− 80 °C). The experimental protocol for 
DNA extraction was performed according to the manufac-
turer’s instructions (TRIzol® reagent, Invitrogen, USA).

2.6  Complementary DNA synthesis

The RNA concentration and purity were determined using a 
spectrophotometer by calculating the optical density ratio at 
a wavelength ratio of 260 nm/280 nm. The Complementary 
DNA (cDNA) synthesis was carried out using a two-step 
cDNA synthesis kit (Promega, USA). Four micrograms of 
RNA were reverse-transcribed into cDNA using GoScript™ 
reverse transcriptase (Promega, USA), according to the man-
ufacturer’s protocol, using a 20 μL total reaction. RT-qPCR 
was performed using 5 μL of GoTaq qPCR Master Mix 
(Promega) for a final volume of 10 μL containing 50 ng of 
cDNA. To determine the initial relative quantity of cDNA, 
samples were amplified with Telomere repeat binding fac-
tor 1 (TRF1), Telomere repeat binding factor 2 (TRF2), 
and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
primers. The sequences of the genes analyzed by RT-qPCR 
are listed in Table 2. The reactions were run on an Applied 
Biosystems 7500 RT-qPCR machine (Applied Biosystems, 
USA). The mixtures were initially denatured at 95 °C for 
10 min. For TRF1 and TRF2 RT-qPCR, 40 cycles at 95 °C 
for 20 s and at 60 °C for 45 s were carried out. Melt curve 
analyses were performed for all genes. The specificity and 
integrity of the PCR products were confirmed by the pres-
ence of a single peak. The relative expression was normal-
ized to that of the reference gene (GAPDH). Duplicate CT 
values were analyzed in Microsoft Excel (Microsoft) using 
the comparative CT (2 − ΔΔCT) method [33]. RT-qPCR for 
each sample was performed in duplicate.

2.7  Statistical analysis

Data are reported as the mean ± standard deviation. The 
Mann–Whitney test was performed to compare the data of 
the ALI group to those of the control group. The compari-
son was performed using data normalization with the con-
trol group. The One-way Analysis of Variance (ANOVA) 
test was performed to verify possible statistical differences, 
followed by the Tukey’s post hoc test. The Kolmogo-
rov–Smirnov test was performed to verify the normality 
distribution of the data. Data from relative mRNA levels 
were normalized to the control group to compare the animals 
exposed to a low-power infrared laser to the animals of the 
control group. Data from relative mRNA levels were nor-
malized to the ALI group to compare the animals affected by 
ALI to those affected by ALI and exposed to the low-power 
infrared laser. The level of significance was set at p < 0.05. 
The InStat Graphpad software was used to perform a statis-
tical analysis (GraphPad InStat version 5.0 for Windows 8, 
GraphPad Prism Software, San Diego, CA, USA).

3  Results

3.1  Telomere length in heart tissue of the normal 
and LPS‑induced ALI groups

Figure 1 shows the relative telomere length in the heart tis-
sue of animals after the LPS-induced ALI. Data in this figure 
show a significant (p < 0.05) decrease in relative telomere 
length in the heart tissue from the animals of the ALI group 
when normalized and compared to the control group.

Fig. 1  Relative telomere length of normal and LPS-induced ALI ani-
mals. Wistar rats were inoculated with LPS, samples of heart tissue 
were collected, genomic DNA was extracted, and real time quantita-
tive polymerase chain reactions were performed. (*) p < 0.05, com-
pared to the control group. LPS: lipopolysaccharide. ALI: acute lung 
injury. n = 5: number of animals per group
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3.2  Relative TRF1 and TRF2 mRNA levels in heart 
tissue of the normal and LPS‑induced ALI 
groups

Figure 2 shows the relative mRNA levels of TRF1 and TRF2 
genes in the heart tissue of animals after the LPS-induced 
ALI. These data show a significant (p < 0.001) decrease in 
relative TRF1 mRNA levels in the heart tissue of the ALI 
group when normalized and compared to the control group 
(Fig. 2a). Data in Fig. 2b do not show significant (p > 0.05) 
changes in the relative mRNA levels of TRF2 gene in the 
heart tissue of rats after LPS-induced ALI, normalized and 
compared to the control group.

3.3  Effects of the low‑power infrared laser 
on the telomere length

Figure 3 shows the relative telomere length in heart tissue 
of the normal and LPS-induced ALI animals after the low-
power infrared laser irradiation. The data in Fig. 3a show a 
significant decrease (p < 0.01) in the telomere length in the 

heart tissue of healthy animals exposed to the laser at 10 J 
 cm−2. Figure 3b shows a significant increase (p < 0.01) in the 
telomere length in the heart tissue of the LPS-induced ALI 
animals exposed to the laser at 10 J  cm−2.

3.4  Effects of the low‑power infrared laser 
on the TRF1 and TRF2 mRNA levels

Figure 4 shows the relative mRNA levels of the TRF1 and 
TRF2 genes in the heart tissue of the normal and LPS-
induced ALI animals after the low-power infrared laser irra-
diation. Data in Fig. 4a show a significant increase (p < 0.05) 
in the relative mRNA levels of TRF1 gene in heart tissue 
of healthy animals exposed to the laser at 20 J  cm−2. Nota-
bly, no significant changes (p > 0.05) in the relative mRNA 
levels of TRF1 gene in the heart tissue of the LPS-induced 
ALI animals exposed to the laser at 10 and 20 J  cm−2 were 
observed. Data in Fig. 4b do not show significant (p > 0.05) 
changes in the relative mRNA levels of TRF2 gene in the 
heart tissue of the normal (control group) and LPS-induced 
ALI animals exposed to the laser at 10 and 20 J  cm−2.

Fig. 2  Relative mRNA levels of TRF1 (a) and TRF2 (b) genes of 
normal and LPS-induced ALI animals. Wistar rats were inoculated 
with LPS and heart tissue samples were collected, total RNA extrac-
tion, complementary DNA synthesis and real time quantitative poly-

merase chain reactions were performed. (***) p < 0.001, compared to 
the control group. LPS: lipopolysaccharide. ALI: Acute Lung Injury. 
n = 5: number of animals per group

Fig. 3  Relative telomere length of normal (a) and LPS-induced ALI 
(b) animals. Wistar rats were inoculated with LPS and, after 4 h, 
exposed to the low-power infrared laser at different fluences. Samples 
of heart tissue were collected, genomic DNA was extracted, and real 

time quantitative polymerase chain reactions were performed. (**) 
p < 0.05, compared to the control group, not irradiated; (##) p < 0.05, 
compared to the ALI group not irradiated. LPS: lipopolysaccharide. 
ALI: Acute Lung Injury. n = 5: number of animals per group
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4  Discussion

Our results show telomere shortening in heart tissue of rats 
after the LPS-induced ALI, which suggests that the telomere 
shortening of chromosomes in the hearts of animals was 
affected by sepsis (Fig. 1). A reduction in the relative mRNA 
levels of TRF1 gene was also observed in the cardiac tis-
sue of these animals. However, no significant difference in 
the relative mRNA levels of TRF2 gene was observed in 
rats with LPS-induced ALI (Fig. 2). TRF1 and TRF2 are 
important proteins for the maintenance of the telomere 
length [34, 35]. These results suggest that the reduction in 
mRNA relative levels of TRF1 gene is related to telomere 
shortening in rats affected by LPS-induced ALI. Although 
telomere shortening has been proposed as a general risk fac-
tor for age-related chronic diseases, such as cancer, type-2 
diabetes, and cardiovascular disease [36], few studies evalu-
ated the telomere length in heart tissue [13–16], while no 
studies evaluated the telomere length and mRNA relative 
levels from genes from telomere stabilization in heart tissue 

in experimental models of ALI by sepsis. The mechanisms 
involved in sepsis have yet to be elucidated [37]. However, 
some authors suggested that telomere dysfunction can con-
tribute to critical illness outcomes [37, 38]. Other authors 
suggested that telomere shortening is associated with a 
higher risk of ischemic heart disease [39], increased risk of 
coronary heart disease [39], and heart failure. Hypertrophic 
hearts with a reduced ejection fraction exhibit the shortest 
telomeres [16]. In addition, an autopsy of myocardial tissue 
showed that heart disease has been associated with telomere 
shortening [15].

The data in Fig. 3a suggest that irradiation with a low-
power infrared laser at 10 J  cm−2 caused telomere short-
ening in healthy tissue. Studies have already shown that 
the low-power laser could modify the expression of genes 
related to the nucleotide excision repair pathway, even in 
the skin and skeletal muscle of healthy Wistar rats, sug-
gesting laser-induced modulation of DNA repair and 
genomic stability [25, 40]. Such studies corroborate our 
results, suggesting that, depending on the laser parameters, 

Fig. 4  Relative mRNA levels of 
TRF1 (a) and TRF2 (b) genes 
of normal and LPS-induced 
ALI animals. Wistar rats were 
inoculated with LPS and, after 
4 h, exposed to the low-power 
infrared laser at different flu-
ences. Heart tissue samples 
were collected, total RNA 
extraction, complementary 
DNA synthesis, and real time 
quantitative polymerase chain 
reaction were performed. (*) 
p < 0.05, compared to the con-
trol group not irradiated. LPS: 
lipopolysaccharide. ALI: Acute 
Lung Injury. n = 5: number of 
animals per group
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the low-power laser irradiation can modulate the telomere 
length in healthy animals. Notably, no telomere shortening 
was observed in healthy animals irradiated with a laser at 
20 J  cm−2. A study on the evaluation of the influence of a 
low-power laser therapy on parameters of oxidative stress 
and DNA damage in skeletal muscle and plasma of rats with 
heart failure demonstrated that the DNA damage index had 
a significant increase at 21 J  cm−2 compared to that at 3 J 
 cm−2, which suggests that high doses of a low-power laser 
seem to increase the DNA damage [41]. On the other hand, 
a study on the evaluation of DNA damage in blood cells 
of healthy animals after red and infrared laser irradiations 
demonstrated that the DNA damage is not dependent on the 
fluence because the irradiation at 50 J  cm−2 induced higher 
levels of DNA damage in blood cells than those at 25 and 
100 J  cm−2 [42]. Although these data suggest DNA dam-
age after the low-power laser irradiation, the mechanism of 
induction of this effect by the low-power lasers is not clear 
[43]. Our study is the first carried out to assess the telomere 
length in cardiac tissue in healthy animals after a low-power 
infrared laser irradiation. Notably, mRNA levels of TRF1 
gene were altered in the cardiac tissue after the laser irradia-
tion at 20 J  cm−2 but not at 10 J  cm−2 (Fig. 4a). Such a result 
suggests that the laser irradiation at 10 J  cm−2 could induce 
telomere shortening and that the laser irradiation at 20 J 
 cm−2 could increase the mRNA relative levels from TRF1 
to maintain the telomere length in this group. These results 
further show that a careful analysis on the used protocols is 
required because, depending on the physical parameters and 
conditions of the irradiated tissue, the effects of low-power 
lasers can be adverse [43].

The laser-induced effects on the telomere length were 
also observed in the cardiac tissue of animals affected by 
the LPS-induced ALI. The low-power infrared laser irra-
diation at 10 J  cm−2 increased the telomere length in heart 
tissue of rats after the LPS-induced ALI (Fig. 3b). How-
ever, no change in the relative mRNA levels of TRF1 and 
TRF2 were observed in the cardiac tissue of these animals 
upon the laser irradiation (Fig. 4b). The increase in tel-
omere length observed in our results could have occurred 
because of the action of other proteins in the Sheltering 
complex, which also participates in the maintenance of 
the telomere length that could have been stimulated by 
the laser irradiation at 10 J  cm−2 in cardiac cells of ani-
mals affected by LPS-induced sepsis. TRF1 and TRF2 are 
important proteins of the Shelterin complex, which bind to 
double-stranded telomere DNA and regulate the telomere 
length [44]. However, there are other proteins in this com-
plex, such as the subcomplex POT1-TPP1, which is crucial 
to the telomere capping and telomere length regulation 
[35, 45]. In addition, all three TIN2 protein isoforms form 
a complex with TPP1/POT1 to stimulate the telomerase 
processivity and maintain the telomere integrity [46]. 

Also, RAP1 is one of the Shelterin complex components, 
which protects telomeres, but its role in such complex is 
not yet clear [47].

The data of this study showed telomere shortening and 
reduction in mRNA relative levels of TRF1 mRNA in car-
diac tissue of animals in an experimental model of sepsis. 
Although the low-power infrared laser did not modulate 
the relative mRNA levels of TRF1 and TRF2 genes, the 
telomere length was increased at 10 J  cm−2, which indi-
cates that, under adequate conditions of exposure, the 
low-power infrared laser could modulate the telomere 
maintenance in cardiac tissue in animals affected by LPS-
induced ALI.

The beneficial effects of low-level laser therapy on the 
ARDS in animal models have been demonstrated [30, 48, 
49]. Our results must be confirmed for humans. Although 
studies based on LPS-induced ALI in rats and mice have 
been carried out and important results have been reported 
[48, 50, 51], there are merits and drawbacks in such 
experimental models [27]. These should be considered as 
a limitation of our study when the effects of exposure to a 
low-power infrared laser on telomeres in heart tissue were 
extrapolated to humans. However, despite these limita-
tions, our study suggests that the exposure to low-power 
lasers alters the telomere length, which could be consid-
ered for the development of clinical protocols based on 
laser-induced modulation of telomeres.

5  Conclusion

Our data show that, despite the telomere shortening in 
nontreated controls and mRNA levels of the TRF1 gene, 
the low-power infrared laser irradiation at 10 J  cm−2 
increased the telomere length in cardiac tissue of animals 
affected by LPS-induced ALI, which suggests that tel-
omere maintenance is a part of the photobiomodulation 
effect induced by infrared radiation.
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