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Abstract  

Pneumonia is the most frequent cause of death from infectious diseases is the eighth 
leading cause of death in the United States. Meanwhile, sepsis and septic shock remain 
the leading causes of death among critical patients despite decades of significant advances 
in supportive therapy. A major factor leading to high morbidity and mortality from septic 
shock is the lack of effective treatment. Many different options have been proposed, 
among which the prospect of low-level laser therapy is being discussed quite actively. 
Laser therapy is a viable way to treat pneumonia or sepsis pneumonia. It is known for its 
benefits as an anti-inflammatory effect that can reduce the levels of pro-inflammatory 
cytokines, namely IL-6, as well as increase TNFα levels and enhance the balance of 
inflammatory processes. Additional research is required to confirm the effect of laser 
therapy on inflammation, especially the NF-kB pathway in cases of pneumonia or sepsis 
pneumonia in vitro, in vivo and in clinical studies. 
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Introduction 

Pneumonia and other lower respiratory tract infections are the third leading cause 

of death globally. In developed nations like the United States, pneumonia is the most 

common fatal infectious disease, with an incidence of 12 cases per 1,000 people and a 

mortality rate of 15%.1 Epidemiological data suggest that the median age of pneumonia 
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patients ranges from 49 to 57 years. The hallmark clinical symptoms of this disease include 

high fever, muscle aches, dry cough, and shortness of breath.2 

Pneumonia is a syndrome associated with sepsis and septic shock, encompassing 

various pathological processes, including systemic inflammation.3 The disease is typically 

classified into two main categories: community-acquired pneumonia (CAP) or hospital-

acquired pneumonia (HAP), with the latter including ventilation-associated pneumonia 

(VAP).4  

Pneumonia is a major contributor to severe sepsis and the primary cause of 

mortality.5 Sepsis and septic shock remain the primary drivers of death among critical 

patients despite years of effort and substantial progress in supportive care. A key factor 

contributing to the high rates of morbidity and mortality from septic shock is the absence 

of an effective treatment.3 

Several options have been suggested, and low-level laser therapy (LLLT) is an actively 

discussed approach. The anti-inflammatory effects of LLLT and low-intensity light 

irradiation (LILI) have been extensively and thoroughly researched; LILI is likely the most 

widely utilized application of low-level laser therapy today.6 Given this background, this 

article aims to determine the effect of laser therapy on inflammation in sepsis pneumonia 

through the NF-kB regulatory pathway, as a literature review study. 

 

Method 

This study was a literature review which collected articles from Pubmed, Science 

direct, and Google scholar published from 2006 until 2023. Twenty two studies were 

collected but only 16 articles were discussed. 

 

Results 

Study shows that the transcription factor NF-κB, which induces the expression of 

inflammatory mediators, plays an important role in preventing the occurrence of 

pneumonia. During sepsis, a signaling pathway leads to the activation of NF-κB. The 

effect of bacterial toxins on NF-κB activity is dramatic and extensive, leading to a 

significant increase in NF-κB activity across all the studied organs, which is consistent with 

the involvement of diverse organs in septic shock. The researchers report that the cellular 
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mechanism of PBM is regulated by the Toll-4 receptor (TLR4) signaling pathway and ROS 

activation, ultimately inducing the NF-KB factor and increasing the levels of pro-

inflammatory cytokines such as IL-6, IL-1β, and IL-8. 

 

Discussion 

Pneumonia is the outcome of a multifaceted process in which infectious 

microorganisms penetrate the lower respiratory system. This respiratory infection can be 

contracted in the community or a hospital setting, and spread through the aspiration or 

inhalation of pathogenic microorganisms. Understanding the role of these disease-

causing microbes in the underlying cause of pneumonia is crucial for providing the patient 

with appropriate clinical care and treatment.1 

The inflammatory process in pneumonia occurs when pathogens invade the body, 

and the inflammatory response is a protective mechanism employed by the body. If the 

pathogen is not eliminated, the inflammatory response will persist and lead to tissue 

damage. While a sufficient inflammatory response is required to clear the bacteria, 

excessive inflammation can result in ongoing local or systemic harm.1 

The pathogenesis of pneumonia is closely linked to how certain microbial variations 

interact with the host's inflammatory response. In the United States, the most prevalent 

bacterial cause of community-acquired pneumonia (CAP) in both children and adults is 

Streptococcus pneumoniae. This pathogen has been observed to exhibit significant 

variations in its ability to activate the NF-κB pathway within macrophages. NF-κB is a 

crucial transcription factor responsible for the induction of various pro-inflammatory 

cytokines.7 

Mizgerd et al. demonstrated that many inflammation-related genes are essential 

for defending against pneumonia. The transcription factor NF-κB, which induces the 

expression of inflammatory mediators, plays an important role in preventing the 

occurrence of pneumonia. During sepsis, a signaling pathway leads to the activation of NF-

κB. Septic shock is a clinical syndrome with diverse underlying causes, and NF-κB is 

activated by various pro-inflammatory cytokines and bacteria released during sepsis, 

making it the ultimate target of such septic shock triggers. The kinetics of NF-κB activity 

induced by different bacterial pathogens vary, with β-glucan from the pathogenic fungus 
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Pneumocystis carinii causing a much slower and longer-lasting induction of NF-κB activity 

compared to lipopolysaccharide (LPS). Early-phase NF-κB activation is mediated by LPS 

and other inflammatory mediators, while late-phase activation is driven by TNF-α and IL-

1β. The effect of bacterial toxins on NF-κB activity is dramatic and extensive, leading to a 

significant increase in NF-κB activity across all the studied organs, which is consistent with 

the involvement of diverse organs in septic shock.7 

Several different options have been proposed, including the prospect of LLLT, also 

known as Photobiomodulation therapy (PBMT), which is being actively discussed. The anti-

inflammatory effects of LLLT and LILI have been thoroughly researched; this property of 

laser light is likely the most widely utilized aspect of low-level laser therapy today.6 Recent 

studies have shown promising results of PBM in reducing acute lung inflammation. 

Consequently, the use of PBM can be an effective therapy for managing respiratory or 

inflammatory diseases such as pneumonia. PBM therapy has been identified as a non-

invasive treatment for inflammatory conditions.8 The use of supplemental LLLT or PBMT 

has been recommended as a potential treatment modality to reduce cytokine storms, 

Acute Respiratory Distress Syndrome (ARDS), and ventilator needs in COVID-19.9 

PBMT using LLLT and light-emitting diodes (LEDs) are non-thermal therapies that 

utilize coherent and incoherent light beams, respectively. Both LLLT and LED therapies 

produce similar effects through the absorption of photons by chromophores in tissue-

specific wavelengths. These non-invasive therapies irradiate tissues to activate cellular 

photoreceptors. Lasers are absorbed by internal photoreceptors such as cytochrome c 

oxidase, porphyrin, and light-sensitive ion channels, while photons from LEDs are 

absorbed by light-sensitive ion channels, leading to an increase in intracellular calcium ions 

(Ca2+). Cytochrome c oxidase, which is part of the mitochondrial respiratory chain, 

absorbs red and near-infrared wavelengths, resulting in increased electron transport, 

mitochondrial membrane potential, and adenosine triphosphate (ATP) production. This 

process activates several signaling pathways involving cyclic adenosine monophosphate, 

nitric oxide (NO), Ca2+, and reactive oxygen species, followed by the activation of 

transcription factors such as hypoxia-inducible factor 1-alpha (HIF-1α), nuclear factor 

erythroid 2-related factor 2 (NRF2), and nuclear factor-κB (NF-κB), leading to a substantial 

genetic response directed at inflammation, proliferation, and repair. Based on this 
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mechanism, PBM is an effective treatment that promotes tissue repair and regeneration, 

pain relief, wound healing, reduction of oxidants, and anti-inflammatory effects.10 

In cases of acute lung inflammation, LLLT can increase tumor necrosis factor-alpha 

(TNFα) levels and help restore the balance of inflammatory processes. It significantly 

reduces the levels of interleukin-8 (IL-8), can alleviate acute respiratory distress syndrome 

(ARDS), and lowers mortality rates.11 Photomodulation therapy also contributes to healing 

by promoting the apoptosis (programmed cell death) of inflammatory cells while 

suppressing apoptotic pathways in lung tissue. In models of acute lung injury, low-intensity 

laser therapy reduced DNA fragmentation and apoptotic pathway activity by increasing 

the levels of B-cell lymphoma-2 (Bcl-2) cells, a key regulator of the intrinsic or mitochondrial 

pathways for apoptosis in alveolar epithelial cells, while promoting DNA fragmentation in 

inflammatory cells.12 

 

Figure 1. Mechanism of NF-kB Inflammatory Pathway Induced by Photobiomodulation. 

Experimental studies have demonstrated that LLLT can modulate the excessive 

inflammatory response known as a cytokine storm, as well as acute respiratory distress 

syndrome (ARDS), through its anti-inflammatory properties. Animal models of acute 

airway and lung inflammation show that LLLT can reduce the leakage of pulmonary 

microvessels, lower levels of inflammatory cytokines like IL-1β and IL-6, and decrease 

intracellular reactive oxygen species. LLLT appears to reduce inflammation through 

multiple mechanisms, suggesting it may be an effective strategy for controlling cytokine 

storms.9 

In another study, it was demonstrated that LLLT at a dose of 7.5 J/cm2 and a 

wavelength of 660 nm was able to alleviate airway inflammation induced by LPS through 
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a mechanism involving the reduction of the pro-inflammatory cytokine interleukin-1 beta 

(IL-1β). This is a significant effect of LLLT because it is well-established that IL-1β plays an 

important role in the inflammatory process.13 

 

Conclusion 

Pneumonia accompanied by excessive inflammatory conditions can cause local or 

systemic damage that occurs continuously, triggering post-infection sepsis. We discussed 

in detail the inflammatory mechanism mediated by the NF-kB pathway against pneumonia 

and the pathophysiology of sepsis. LLLT is a viable way to treat sepsis pneumonia. It is 

known for its benefits as an anti-inflammatory able to reduce levels of pro-inflammatory 

cytokines, namely IL-6, as well as increase TNFα levels and improve the balance of 

inflammatory processes. Further studies are needed to confirm the effect of laser therapy 

on inflammation, especially the NF-kB pathway in cases of pneumonia or sepsis pneumonia 

in vitro, in vivo, and clinical studies. 
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