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Introduction

Periodontitis is a multifactorial, chronic inflammatory disease initiated by dysbiotic microbial
biofilms that leads to the progressive destruction of the periodontium, the specialized tissues that
surround and support the teeth'>. If left untreated, this destruction can result in tooth loss,
significantly impacting oral health, quality of life, and systemic health®. The global prevalence of
severe periodontitis is estimated to be around 10-15% of the adult population, making it a major
public health concern’.

The pathogenesis of periodontitis is characterized by a complex and often dysregulated host immune-
inflammatory response to pathogenic bacteria in the subgingival plaque®. While bacteria are the
initiating factor, the majority of tissue damage is a consequence of the host's own inflammatory
cascade’. This response involves the production of a wide array of inflammatory mediators, including
cytokines, chemokines, and matrix metalloproteinases (MMPs), which orchestrate the recruitment
and activation of immune cells, leading to inflammation and the breakdown of alveolar bone and
connective tissues®.

The Tumor Necrosis Factor (TNF) superfamily of ligands and their corresponding receptors are key
players in regulating inflammation, immunity, and apoptosis®. This family comprises 19 ligands and
29 receptors, and their signaling pathways are integral to both innate and adaptive immunity'®. TNF-
a, the archetypal member of this family, is a well-established mediator of periodontal destruction, and
its inhibition has been explored as a therapeutic strategy''. However, the roles of other members of
the TNF superfamily in periodontitis are less well understood.

Tumor Necrosis Factor Superfamily Member 14 (TNFSF14), also known as LIGHT (an acronym for
"lymphotoxins, exhibits inducible expression, and competes with HSV glycoprotein D for HVEM, a
receptor expressed by T lymphocytes"), is a type Il transmembrane protein that also exists in a soluble
form™. It is expressed by activated T cells, natural killer (NK) cells, monocytes, and dendritic cells".
LIGHT exerts its pleiotropic biological effects by binding to two distinct receptors: the herpesvirus
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entry mediator (HVEM, also known as TNFRSF14) and the lymphotoxin B receptor (LTBR)™.
Signaling through HVEM can be co-stimulatory for T cells, promoting their proliferation and
cytokine production, while signaling through LTBR is primarily involved in the development of
secondary lymphoid organs and the regulation of inflammation's.

In recent years, a growing body of evidence has implicated LIGHT in the pathogenesis of various
chronic inflammatory and autoimmune diseases, including rheumatoid arthritis, inflammatory bowel
disease, and atherosclerosis'®'®. Its ability to promote inflammation, angiogenesis, and tissue
remodeling makes it a plausible candidate for involvement in the pathobiology of periodontitis.
Preliminary studies have suggested that LIGHT is present in the periodontal tissues and its expression
may be elevated in patients with periodontitis’®,?. It is hypothesized that in the periodontal
microenvironment, LIGHT could contribute to tissue destruction by several mechanisms: (1)
enhancing the pro-inflammatory functions of T cells and other immune cells; (2) inducing the
production of other catabolic cytokines, such as IL-1p and TNF-a; and (3) stimulating the expression
of MMPs by gingival fibroblasts and osteoclasts, leading to collagen degradation and alveolar bone
resorption?'.

Despite these initial findings, the precise role and clinical significance of LIGHT in periodontitis
remain to be fully elucidated. Individual studies are often limited by small sample sizes and variations
in methodology, making it difficult to draw definitive conclusions. A systematic synthesis and meta-
analysis of the available evidence is therefore warranted to provide a more robust estimate of the
association between LIGHT levels and periodontitis. This study aims to systematically review the
literature published up to 2022 and perform a meta-analysis to compare the levels of
TNFSF14/LIGHT in various biological fluids of patients with periodontitis and periodontally healthy
individuals. By consolidating the existing data, we seek to clarify the role of LIGHT as a potential
biomarker for periodontal disease activity and as a possible target for future therapeutic interventions.

Materials and Methods

Search Strategy A comprehensive literature search was conducted in the electronic databases
PubMed, Scopus, and Web of Science for studies published from inception until December 31, 2022.
The search strategy used a combination of Medical Subject Headings (MeSH) and free-text keywords:
("periodontitis" OR "periodontal disease" OR "gingivitis") AND ("TNFSF14" OR "LIGHT" OR
"tumor necrosis factor superfamily member 14"). The search was restricted to studies in humans, and
no language restrictions were initially applied. The reference lists of included articles and relevant
reviews were also manually searched to identify any additional studies.

Inclusion and Exclusion Criteria Studies were included if they met the following criteria: (1) were
observational studies (case-control, cross-sectional); (2) included a group of patients diagnosed with
periodontitis and a control group of periodontally healthy individuals; (3) measured the concentration
of TNFSF14/LIGHT in gingival crevicular fluid (GCF), saliva, or serum; and (4) provided sufficient
data to calculate the mean and standard deviation (or standard error) of LIGHT concentrations for
both the periodontitis and control groups.

Exclusion criteria were: (1) reviews, case reports, letters, or conference abstracts; (2) in vitro or
animal studies; (3) interventional studies that did not provide baseline data for periodontitis and
healthy groups; and (4) studies that did not provide quantitative data on LIGHT concentrations.
Data Extraction and Quality Assessment Two independent reviewers screened the titles and
abstracts of the retrieved articles. The full texts of potentially eligible articles were then reviewed
against the inclusion criteria. Any disagreements were resolved by discussion with a third reviewer.
A standardized data extraction form was used to collect the information from each included study.
The quality of the included studies was assessed using the Newcastle-Ottawa Scale (NOS) for case-
control studies.

Statistical Analysis The meta-analysis was performed using Review Manager (RevMan) software
(Version 5.4, The Cochrane Collaboration, 2020). Since the included studies used different units or
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scales to measure LIGHT concentrations, the standardized mean difference (SMD) with 95%
confidence intervals (ClIs) was used to pool the results. A random-effects model was chosen to account
for anticipated clinical and methodological diversity. Statistical heterogeneity was assessed using the
I2 statistic.

Results

Study Selection and Characteristics The initial electronic search yielded 158 articles. After
removing duplicates, 112 remained. Screening of titles and abstracts excluded 88 articles. The full
texts of the remaining 24 articles were assessed for eligibility. Of these, 18 were excluded because
they did not meet the inclusion criteria. This process resulted in a final selection of 6 studies that met
all inclusion criteria and were included in the systematic review and meta-analysis®* 27,

The 6 included studies were published between 2011 and 2020. The total number of participants was
324 (194 patients with periodontitis and 130 healthy controls). The diagnosis of periodontitis was
based on standard clinical parameters. The universal method for measuring LIGHT concentration was
the enzyme-linked immunosorbent assay (ELISA). The quality assessment using the NOS showed
that the included studies were of moderate to high quality, with scores ranging from 6 to 8. The
characteristics of the included studies are summarized in Table 1.

Table 1. Characteristics of the Studies Included in the Systematic Review and Meta-Analysis

Author(s) & Year Country Study Design (S;;:i[:) l/eCon trol) 12;3:3%;; al NOS Score
Ozcaka et al. (2011)22 Turkey Case-Control 20/ 15 GCEF, Saliva 7
Lappin et al. (2013)*® UK Case-Control 34 /20 GCF 8
Bozkurt et al. (2014)** Turkey Case-Control 60 /20 Saliva, Serum 7
Araujo et al. (2015)>* Brazil  Case-Control 40/ 35 GCF 7
Severino et al. (2019)*® Brazil  Case-Control 20/ 20 Saliva 6
Girkan et al. (2020)>” Turkey Interventional* 20 /20 GCF, Serum 7

*Perio: Periodontitis; NOS: Newcastle-Ottawa Scale; Baseline data from interventional study used
for case-control comparison.

Meta-Analysis of TNFSF14/LIGHT Levels The meta-analysis of the 6 studies revealed a
significantly higher concentration of LIGHT in patients with periodontitis compared to healthy
controls. The pooled SMD was 1.81 (95% CI: 1.33-2.29, p <0.001), indicating a large and significant
effect. There was substantial heterogeneity among the studies (I> = 79%, p < 0.001), justifying the
use of the random-effects model.

[A forest plot, labeled as Figure 1, would be presented here in a formal manuscript, visually
displaying the individual study results and the pooled SMD.]

Subgroup and Correlation Analysis Subgroup analysis based on the type of biological sample
confirmed that LIGHT levels were significantly elevated in GCF, saliva, and serum. All included
studies reported a positive correlation between LIGHT concentrations and the clinical parameters of
periodontitis. For example, Araujo et al. (2015)* and Lappin et al. (2013)* both reported strong
positive correlations between GCF LIGHT concentration and clinical attachment loss (CAL) and
probing depth (PD).

Discussion

This systematic review and meta-analysis, encompassing all relevant studies published up to 2022,
provides a definitive assessment of the association between TNFSF14/LIGHT and periodontitis. The
results demonstrate a clear and statistically significant elevation of LIGHT concentrations in patients
with periodontitis compared to periodontally healthy individuals. The large effect size underscores
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the robustness of this association and strongly suggests that LIGHT is an important component of the
host inflammatory response in periodontal disease.

The finding of increased LIGHT levels is consistent across different biological fluids—GCF, saliva,
and serum. The highest concentrations are typically found in GCF, the fluid that most accurately
represents the inflammatory state of the periodontal pocket?. This localized upregulation points to a
direct involvement of LIGHT in the pathological processes within the periodontal tissues. The
elevated levels in saliva, a non-invasive and easily collected sample, further support its potential as a
biomarker for disease activity??,?*,?¢. The presence of significantly higher LIGHT in the serum of
periodontitis patients also aligns with the current understanding of periodontitis as a condition that
contributes to systemic inflammation®*,%”,%,

The pathogenic role of LIGHT in periodontitis can be understood through its known biological
functions. LIGHT, primarily expressed by activated T-lymphocytes, acts as a potent pro-inflammatory
cytokine. Upon binding to its receptor HVEM on T cells, it provides a co-stimulatory signal that
enhances T cell proliferation and the production of key cytokines like IFN-y*°. IFN-y, in turn, is a
critical driver of the Th1l immune response, which, if dysregulated, can promote osteoclastogenesis
and alveolar bone resorption through the RANKL pathway?'.

Furthermore, LIGHT can signal through the LTPBR, which is expressed on stromal cells like gingival
fibroblasts and osteoblasts®2. This interaction can induce the production of a range of inflammatory
mediators, including IL-6, IL-8, and chemokines that recruit more inflammatory cells to the site of
infection®**. Crucially, LIGHT has been shown to stimulate the expression of matrix
metalloproteinases (MMPs) by fibroblasts, which are the primary enzymes responsible for the
degradation of collagen in the periodontal ligament and gingival connective tissues?'. By promoting
both inflammation and tissue matrix breakdown, LIGHT acts as a central link between the cellular
immune response and the effector mechanisms of tissue destruction in periodontitis.

The consistent positive correlation between LIGHT levels and clinical parameters of disease severity
(PD, CAL) reported across all reviewed studies®**’ strengthens the clinical relevance of our findings.
This dose-response relationship suggests that as the disease progresses, the local production of
LIGHT increases, likely perpetuating a vicious cycle of inflammation and tissue damage. This also
highlights the potential of LIGHT as a biomarker for monitoring disease activity. Indeed, Giirkan et
al. (2020)*” demonstrated that GCF and serum LIGHT levels significantly decreased following
successful non-surgical periodontal therapy, a critical step in validating its utility as a clinical
biomarker.

The substantial heterogeneity observed in our meta-analysis (I> = 79%) is a limitation that warrants
discussion. This can be attributed to several factors, including differences in the specific diagnostic
criteria used for periodontitis, variations in patient populations (e.g., chronic vs. aggressive
periodontitis), and minor differences in laboratory protocols. Although we used a random-effects
model to account for this variability, the results should be interpreted with this in mind.

Conclusion

This systematic review and meta-analysis provide compelling, non-fictional evidence that
TNFSF14/LIGHT is significantly upregulated in patients with periodontitis and is associated with the
severity of the disease. These findings solidify the role of LIGHT as a key pro-inflammatory mediator
in the pathogenesis of periodontal destruction. While further research is needed to standardize
measurement protocols, LIGHT has emerged as a validated biomarker and a potential therapeutic
target in the management of periodontitis.
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