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Abstract
Objectives  Gliomas, primary tumors of the central nervous system, and periodontitis, a chronic inflammatory disease 
impacting oral health, have both been subjects of extensive research due to their significant impact on patients’ well-
being. This study delves into the question of whether there is a causal relationship between glioma and periodontitis, 
mediated by systemic immunological changes.
Methods  This research draws from a wealth of publicly available genetic data, including genome-wide association studies 
for glioma, periodontitis, and immune cell traits. A comprehensive Mendelian randomization (MR) analysis is conducted, 
incorporating multiple MR methods and statistical tests to assess causality and account for possible biases.
Results  The findings indicate that individuals genetically predisposed to glioma face an increased risk of developing 
periodontitis. Furthermore, CD8 upregulation on NKT cells was identified as a mediator in this causal pathway, providing 
a partial explanation for the observed connection. This discovery aligns with clinical observations of glioma patients 
exhibiting a higher prevalence of poor periodontal health.
Conclusions  This study advances our understanding of the complex interplay between glioma and systemic diseases 
like periodontitis. It underscores feasible implications for patient care and opens avenues for future research to explore 
the mechanistic underpinnings of this relationship.
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1  Introduction

Gliomas, the most prevalent primary tumors of the CNS with an incidence rate of 5.9 per 100,000 population, account 
for approximately 24% of all primary CNS tumors [1]. According to the fifth edition of the WHO classification of CNS 
tumors [2], gliomas are categorized into four groups, namely adult-type diffuse gliomas, pediatric-type diffuse low-grade 
gliomas, pediatric-type diffuse high-grade gliomas, and circumscribed astrocytic gliomas, and are stratified into grade 
1 to 4 based on histological and molecular features. Despite the implementation of multimodal treatment approaches, 
gliomas generally have a bleak prognosis, with the most common subtype, glioblastoma (GBM), exhibiting a five-year 
survival rate of only 6.9% [1].

Periodontitis is a complex inflammatory disease that is triggered by subgingival dental biofilm and ultimately leads 
to irreversible damage to the supporting and surrounding structures of the teeth, such as the periodontal ligament and 
alveolar bone [3]. It is one of the most common chronic diseases in the population, with a prevalence estimated at 42.2% 
and 7.8% of individuals experiencing severe symptoms, including tooth loss, pain, and impaired chewing function [4].

Several studies have investigated the relationship between glioma and periodontitis. The initial study that specifically 
examined this connection conducted oral examinations and NMR spectroscopy analysis of salivary metabolites in both 
GBM patients and non-GBM controls. However, this study did not find any significant association between GBM and 
periodontitis [5]. Subsequently, another study focused on the association between oral microbiota and glioma grade. It 
discovered that the relative abundance of Porphyromonas, a crucial genus in the pathogenesis of periodontitis, decreased 
significantly in patients with high-grade glioma (HGG) compared to healthy controls, as determined through 16S rRNA 
gene sequencing [6]. In a more recent study, it was found that lipopolysaccharide (LPS) derived from Porphyromonas 
gingivalis, a classic periodontal pathogen, facilitated the proliferation and migration of glioma cells by activating the 
Akt signaling pathway. Additionally, patients with gliomas were found to have a higher prevalence of poor periodontal 
health compared to those with benign CNS tumors or the age-matched population from a national survey. Moreover, 
glioma patients with worse periodontal conditions exhibited a higher tumor proliferation index than those with better 
periodontal conditions [7]. A latest bioinformatics study based on mRNA expression data revealed that CXCR4, LY96, and 
C3 are significantly upregulated in both GBM and periodontitis, identifying them as key crosstalk genes in the comorbid-
ity mechanisms of these conditions. These immune- and inflammation-related genes are likely regulated by the same 
transcription factor, FLI1, and are associated with M2 macrophage polarization [8]. Together, the results from these studies 
provide valuable but still limited insights into the relationship concerning glioma and periodontitis. Further exploration 
is needed to expand our knowledge in this field.

Glioma has long been recognized for its impact on systemic immunity [9–11], while immunological pathways play 
a crucial role in the development of periodontitis [12]. Given the observed lower periodontal health in glioma patients 
compared to the general population [7], we hypothesize that glioma may increase the susceptibility to periodontitis 
through immune-mediated mechanisms. Mendelian randomization (MR) emerges as a robust tool for addressing such 
causal inference questions in medical research, a challenge often faced by conventional study designs. It relies on genetic 
variations, primarily single-nucleotide polymorphisms (SNPs), as instrumental variables (IVs) to estimate causal effects, 
thereby mitigating bias resulting from unobserved confounding of the exposure and the outcome [13]. In this study, 
we employ MR to investigate the potential causal relationship between glioma and periodontitis, mediated by systemic 
immunological changes.
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2 � Materials and methods

2.1 � Study design

This study used a network (or two-step) MR design [14–16], comprising a series of univariable two-sample MR analyses 
to assess the total effect of glioma on periodontitis, the effect of glioma on each immune trait, and the effect of each 
immune trait on periodontitis, as illustrated in Fig. 1.

2.2 � Data sources

Publicly available summary-level data from existing genome-wide association studies (GWASs) were used for glioma, 
periodontitis, and immune cell traits. Association results for glioma risk loci were extracted from the largest GWAS meta-
analysis to date [17], comprising 12,496 cases (6,191 classified as GBM and 5,819 classified as non-GBM tumors) and 
18,190 controls from eight studies involving individuals of European ancestry. Summary statistics for periodontitis were 
obtained from the Gene-Lifestyle Interaction in the Dental Endpoints (GLIDE) consortium [18], which included 12,289 
cases and 22,326 controls of European descent, with participants from the Hispanic Community Health Study/Study of 
Latinos (HCHS/SOL) excluded, as they were recruited from Hispanic and Latino communities in the USA. Genetic asso-
ciations of 731 immunophenotypes, including 118 absolute cell counts, 389 median fluorescence intensities (MFIs) of 
surface antigens, 32 morphological parameters, and 192 relative counts, were retrieved from a GWAS study conducted 
on a cohort of 3,757 European individuals [19].

2.3 � Statistical analysis

All analyses were conducted using R (version 4.2.3) within RStudio (version 2023.03.2 + 454). The MungeSumstats pack-
age (version 1.6.0) was utilized for the standardization of GWAS summary statistics. For the MR analysis, the Mendelian-
Randomization package (version 0.7.0) and the TwoSampleMR package (version 0.5.7) were employed. The graphical 
presentation of the MR results was generated using the ggplot2 package (version 3.4.2).

Each two-sample analysis in the network MR was based on three core IV assumptions: (1) Relevance: the genetic vari-
ants are associated with the exposure; (2) Independence: the genetic variants are not associated with confounders; and 
(3) Exclusion restriction: the genetic variants influence the outcome only through the exposure [20, 21].

SNPs with p < 5 × 10–5 were considered statistically significant at the genome-wide level, aiming to strike a balance 
between a robust association with the exposure and a sufficient number of IVs [22]. Clumping thresholds were set at 
r2 < 0.1 and a distance greater than 1000 kb to exclude SNPs with strong linkage disequilibrium (LD). For each SNP, the 
proportion of variance in the exposure that it explained was calculated as R2 = β2/(β2 + N × SE(β)2), and the F statistic was 

Fig. 1   The study design of network MR, with glioma as the exposure, immune traits as the mediators, and periodontitis as the outcome. Cre-
ated with BioRender.com
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computed using F = (N − 2) × R2/(1 − R2), where β represented its genetic association with the exposure, and N represented 
the sample size (the sum of the number of cases and the number of controls) [23]. SNPs with an F statistic of less than 
10 were removed as weak instruments. Additionally, SNPs that showed significant genome-wide association with the 
outcome (p < 5 × 10–5) were also eliminated.

Variants with Cook’s distance exceeding 4 / n (where n represented the total number of instrumental SNPs) or abso-
lute values of studentized residuals greater than two were identified as influential outliers and subsequently excluded 
from the MR analysis [24, 25]. The primary analysis utilized the inverse-variance weighted (IVW) method. Supplementary 
analyses encompassed alternative methods based on different instrumental variable assumptions, including MR-Egger 
[26], simple median, weighted median, simple mode, and weighted mode. MR-PRESSO [27], MR-LASSO [28], and the 
intercept test of MR-Egger regression were employed to detect horizontal pleiotropy. Heterogeneity in causal estimates 
from different variants was evaluated using Cochran’s Q statistic [29]. The dependence of an MR estimate on a specific 
variant was assessed through leave-one-out analysis. A two-sided p-value threshold of less than 0.05 was set for both the 
MR estimates and the sensitivity analyses. In light of the typical low power of MR studies, correction for multiple testing 
was not adopted, as a conservative approach could often be excessive [30].

3 � Results

A total of 28 SNPs were significantly associated with glioma at the genome-wide level (Supplementary Table 1). Seven 
SNPs (rs2736100, rs2252586, rs4977756, rs11599775, rs498872, rs1801591, and rs6010620) were removed during the 
clumping process due to LD with other variants. The remaining 21 SNPs all displayed F statistics greater than 10, with a 
mean value of 85.6. After harmonizing the alleles and effects between glioma and periodontitis, one variant (rs11196067) 
was excluded for being palindromic with intermediate allele frequency. No SNPs exhibited significant associations with 
periodontitis. Four SNPs (rs10069690, rs2235573, rs2297440, and rs55705857) with large Cook’s distances or studentized 
residuals were identified as outliers and removed. In total, 16 SNPs were considered eligible IVs for the MR analysis. The 
primary IVW method demonstrated a significant association between glioma and an increased risk of periodontitis 
[p = 0.0002, OR (95% CI) = 1.1328 (1.0612–1.2093)], with consistent support from other methods (Table 1 and Fig. 2A). 
A scatter plot of instrumental variants and regression lines of causal estimates for different MR tests were presented in 
Fig. 2B. Both MR-PRESSO and MR-LASSO retained all 16 IVs. The MR-Egger intercept test yielded a p-value of 0.19. No 
highly influential variants were found among the IVs in the leave-one-out analysis (Fig. 2C). The funnel plot appeared 
generally symmetrical (Fig. 2D). These results collectively indicated the absence of significant horizontal pleiotropy. 
Additionally, Cochran’s Q statistic did not detect heterogeneity among the eligible variants (p = 0.96). As a result, our 
findings supported a causal association between glioma and periodontitis.

We conducted a mediation analysis using a two-step MR approach, screening agnostically through the 731 immune 
cell traits with the same two-sample methodology used to assess the total effect. Immune traits with p-values less 
than 0.05 in the IVW regression as both outcomes and exposures were considered mediators. Among them, the MFI of 
CD8 on NKT cells was the only trait that met this criterion [glioma-CD8 on NKT cells: p = 0.0012, OR (95% CI) = 1.1725 
(1.0649–1.2911); CD8 on NKT cells-periodontitis: p = 0.0287, OR (95% CI) = 1.0377 (1.0039–1.0726)]. All six MR methods 
consistently revealed positive correlations in both steps (Table 2; Figs. 3A and 4A). For the glioma-CD8 on NKT cells and 
CD8 on NKT cells-periodontitis relationships, 17 and 76 SNPs respectively qualified as instruments (Figs. 3B and 4B). Sen-
sitivity analyses using MR-PRESSO, MR-LASSO, MR-Egger intercept test, and Cochran’s Q statistic revealed no evidence 
of horizontal pleiotropy or heterogeneity. No outlying variants were observed in leave-one-out plots (Figs. 3C and 4C) 
or funnel plots (Figs. 3D and 4D). Consequently, we conclude that genetically predicted higher risk of glioma leads to 

Table 1   MR estimates for the 
association between glioma 
and periodontitis

Exposure Outcome Method β SE p OR 95% CI

Glioma Periodontitis IVW 0.1247 0.0333 0.0002 1.1328 1.0612–1.2093
MR-Egger 0.0396 0.0703 0.5821 1.0404 0.9065–1.1941
Simple median 0.1366 0.0503 0.0067 1.1464 1.0387–1.2653
Weighed median 0.1160 0.0452 0.0103 1.1230 1.0277–1.2270
Simple mode 0.1195 0.0685 0.1014 1.1270 0.9854–1.2888
Weighted mode 0.1125 0.0555 0.0608 1.1191 1.0037–1.2477
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an increase in CD8 on NKT cells, subsequently elevating the susceptibility to periodontitis. The mediated proportion of 
the total effect, calculated using the delta method [15], was determined to be 4.72% with a 95% CI ranging from 0.37% 
to 10.78%. Subtype analyses in GBM and non-GBM tumors did not uncover concordant relationships. The overall causal 
effect was found to be non-significant in GBMs [p = 0.0968, OR (95% CI) = 1.0443 (0.9922–1.0990)]. In non-GBM gliomas, 
despite a significant and consistent direct effect in the IVW regression [p = 0.0101, OR (95% CI) = 1.0674 (1.0157–1.1217)], 
mediation analysis did not identify any eligible mediators.

Fig. 2   MR results supported the causal effect of glioma on periodontitis. A Forrest plot. B Scatter plot. C Leave-one-out plot. D Funnel plot

Table 2   MR estimates for the 
associations of glioma-CD8 
on NKT cells and CD8 on NKT 
cells-periodontitis

Exposure Outcome Method β SE p OR 95% CI

Glioma CD8 on NKT cells IVW 0.1592 0.0491 0.0012 1.1725 1.0649–1.2911
MR-Egger 0.1215 0.0936 0.2138 1.1292 0.9399–1.3567
Simple median 0.1083 0.0815 0.1839 1.1144 0.9499–1.3074
Weighed median 0.1129 0.0709 0.1112 1.1196 0.9743–1.2865
Simple mode 0.0762 0.1091 0.4950 1.0792 0.8714–1.3364
Weighted mode 0.1037 0.0798 0.2120 1.1093 0.9487–1.2970

CD8 on NKT cells Periodontitis IVW 0.0370 0.0169 0.0287 1.0377 1.0039–1.0726
MR-Egger 0.0081 0.0303 0.7898 1.0082 0.9499–1.0699
Simple median 0.0353 0.0273 0.1959 1.0360 0.9820–1.0929
Weighed median 0.0046 0.0284 0.8714 1.0046 0.9502–1.0621
Simple mode 0.0269 0.0466 0.5657 1.0272 0.9376–1.1255
Weighted mode 0.0124 0.0282 0.6616 1.0125 0.9580–1.0700
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4 � Discussion

In this study, we unveil a casual association between glioma and periodontitis. A mediation analysis using a network 
MR approach revealed that an increase in CD8 on NKT cells could partially account for the relationship between these 
two diseases. Our findings shed light on the explanation for the higher incidence of poor periodontal health in glioma 
patients, as previously reported [7]. Moreover, these results contribute to a deeper understanding of the connection 
between glioma and systemic conditions.

NKT cells are CD1d-restricted, lipid antigen-reactive T lymphocytes that modulate cell-mediated immune responses 
in a broad spectrum of diseases, including cancer, infection, allergy, autoimmunity, allograft rejection, and graft-versus-
host disease [31]. Three subsets of NKT cells have been described in humans: CD4+CD8- (CD4+), CD4-CD8+(CD8+), 
and CD4-CD8- (double negative, DN) [32]. CD4+NKT cells mainly produce Th2-like cytokines such as IL-4, whereas the 
CD4- (CD8+ and DN) subpopulations predominantly produce Th1-like cytokines like IFN-γ [33]. The peripheral ontog-
eny of human NKT cells follows a linear differentiation model. CD4- NKT cells display lower clonogenic potential but 
greater functionality compared to CD4+NKT cells, indicating a more differentiated phenotype. The expression of CD8 
on CD4- NKT cells is reversible and arises as a consequence of in vivo activation rather than programmed differentiation 
[34]. Gene expression patterns of CD8 NKT cells differ significantly from other NKT cell subsets, with the upregulation of 
genes such as CD16, NKG2C, NKG2D, CX3CR1, CCL7, STAT4 and STAT5B, suggesting a Th1-biased cytotoxic effector cell 
phenotype [35].

A significant proportion of tumor-infiltrating lymphocytes (TILs) in GBM are CD4 single-positive CD3+CD56+NKT 
cells that produces Th2 cytokines such as IL-4 and IL-13, which are likely involved in the suppression of cytotoxic T lym-
phocytes (CTLs) within the GBM microenvironment. In contrast, the vast majority of CD3+CD56+NKT cells found in the 
periphery blood of GBM patients are CD8 single-positive [36]. This observation leads to the speculation that glioma may 

Fig. 3   MR results supported the causal relationship between glioma and CD8 on NKT cells. A Forrest plot. B Scatter plot. C Leave-one-out 
plot. D Funnel plot
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stimulate the increase of peripheral CD8+NKT cells while selectively recruiting immunosuppressive CD4+NKT cells into 
the tumor in the retention of immunopromoting CD8+NKT cells in the circulation, contributing to the establishment 
of a cold tumor microenvironment.

In periodontitis gingival tissues, the number of infiltrating CD3+CD56+NKT cells is significantly higher than healthy 
specimens [37]. CXCL16 released by gingival fibroblasts in diseased periodontal tissues attracts NKT cells which normally 
express CXCR6. IFN-γ secreted by NKT cells further stimulates the production of CXCL16, increasingly shifting the Th1/
Th2 balance in the Th1 direction, thus causing inflammation and periodontal destruction [38]. Systemic administration 
of α-galactosylceramide (αGC), an NKT cell agonist, promoted Porphyromonas gingivalis-induced alveolar bone resorp-
tion, while this bone destruction was markedly suppressed in CD1d−/− mice, suggesting a pivotal role for NKT cells in the 
pathogenesis of periodontitis [39]. Indeed, NKT cells favor the increase of RANKL expression, the key factor responsible 
for osteoclastogenesis and osteoclast-mediated bone resorption [40].

Given the preceding information, we propose a model to elucidate the findings derived from our MR analysis (Fig. 5), 
assuming that the increase in average CD8 expression on NKT cells corresponds to an increase in the proportion of 
CD8+NKT cells. In this model, glioma serves as the trigger for the transformation of DN NKT cells into CD8+NKT cells 
within the peripheral blood. Subsequently, these CD8+NKT cells migrate in a chemotactic manner into periodontal tis-
sues affected by pathogenic microbes such as Porphyromonas gingivalis. In a CD1d-dependent manner, they produce 
pro-inflammatory Th1-like cytokines that activate osteoclasts, ultimately leading to periodontal bone destruction.

Despite being productive, our analysis does have limitations. Firstly, confounding may have been introduced into 
the mediation analysis by population stratification [13]. The GWAS of 731 immune traits was conducted in Sardinians, 
who demonstrate certain differences in genetic backgrounds compared to general Europeans [19]. However, since a 
comprehensive GWAS on immune cell characteristics has not been carried out in the general European population, we 
were limited to working with the currently available genetic instruments. Secondly, although network MR could be used 
to detect the presence or absence of a causal pathway between the exposure, mediator, and outcome in cases involving 

Fig. 4   MR results supported the causal relationship between CD8 on NKT cells and periodontitis. A Forrest plot. B Scatter plot. C Leave-one-
out plot. D Funnel plot
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binary variables, it may not give precise estimates of the direct and indirect effects. Furthermore, the estimates of medi-
ated and total effects are difficult to completely avoid other known biases in MR, including those arising from weak instru-
ments and pleiotropy [16, 41]. Lastly, our study may have left meaningful associations undetected due to inadequate 
statistical power. This is particularly relevant in the context of two-step MR [14, 41] and glioma subtype analyses [42–44], 
considering that the full extent of the causal effect remains largely unexplained except for the upregulation of CD8 on 
NKT cells and that effect estimates are inconsistent in GBM and non-GBM tumors.

In summary, this study represents a pioneering effort in establishing a causal link between glioma and extracranial 
inflammatory diseases, specifically periodontitis, in part through systemic immune alterations. Future research endeavors 
should prioritize investigating the periodontal health of glioma patients within prospective cohorts of larger sizes, vali-
dating periodontitis susceptibility in the presence of glioma using orthotopic tumor models, and providing mechanistic 
insights into this phenomenon through experimental evidences at the cellular and molecular levels. Unraveling the 
genetic links between glioma and periodontitis also carries direct clinical implications. Identifying the genetic predis-
position to periodontitis could facilitate innovative management strategies for individuals with glioma. Incorporating 
regular periodontal assessments and treatments into standard care protocols for glioma patients offers the potential to 
disrupt the vicious circle in which glioma predisposes periodontitis while periodontal pathogens like Porphyromonas 
gingivalis promote glioma progression through pathogenic factors such as LPS. This proactive approach may not only 
enhance oral health but also improve the quality of life and survival outcomes for glioma patients.

Fig. 5   Mechanistic model for the causal effect of glioma on periodontitis through elevation of CD8 on NKT cells. CD8 + NKT cells stimulated 
by glioma chemotactically migrate into periodontal tissues, secrete Th-1 cytokines in a CD1d-dependent manner, and cause bone destruc-
tion via osteoclast activation. Created with BioRender.com
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