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Aim: Interleukin 6 (IL-6) is considered to play a role in the dysbiotic host response
in the development of periodontitis. While the inhibition of the IL-6 receptor
using monoclonal antibodies is a well-established therapy for some diseases, so
far, its potential benefit in patients with periodontitis has not been examined. We
tested the association of genetically proxied downregulation of IL-6 signaling
with periodontitis to explore whether downregulation of IL-6 signaling could
represent a viable treatment target for periodontitis,

Materials and methods: As proxies for IL-6 signaling downregulation, we
selected 52 genetic variants in close vicinity of the gene encoding IL-6
receptor that were associated with lower circulating C-reactive protein (CRP)
levels in a genome-wide association study (GWAS) of 575 531 participants of
European ancestry from the UK Biobank and the Cohorts for Heart and Aging
Research in Genomic Epidemiology (CHARGE) consortium. Associations with
periodontitis were tested with inverse-variance weighted Mendelian
randomization in a study of 17 353 cases and 28 210 controls of European
descent in the Gene-Lifestyle Interactions in Dental Endpoints (GLIDE)
consortium. In addition, the effect of CRP reduction independent of the IL-6
pathway was assessed.

Results: Genetically proxied downregulation of IL-6 signaling was associated
with lower odds of periodontitis (odds ratio (OR) = 0.81 per 1-unit decrement in
log-CRP levels; 95% confidence interval (Cl): [0.66;0.99]; P = 0.0497).
Genetically proxied reduction of CRP independent of the IL-6 pathway had a
similar effect (OR = 0.81; 95% ClI: [0.68; 0.98]; P = 0.0296).
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Conclusion: In conclusion, genetically proxied downregulation of IL-6 signaling
was associated with lower odds of periodontitis and CRP might be a causal target
for the effect of IL-6 on the risk of periodontitis.

KEYWORDS

periodontal disease(s)/periodontitis, cytokine(s), host modulation therapy,
epidemiology, cell signaling

Introduction

Periodontal inflammation is initiated by biofilm formation on
the tooth surface and further exacerbated by host inflammatory-
immune response to dysbiotic microbiome (1, 2). Hence,
inflammation control is a central part of periodontitis treatment
(3-5). Drugs targeting host response in addition to subgingival
scaling and root planing or surgical periodontal therapy are
therefore under active investigation (6).

Cytokine balance plays a central role in inflammation (7).
Interleukin 6 (IL-6) is a cytokine involved in the body’s innate
immune response. It acts on two different signaling pathways: by a
specific membrane-bound IL-6 receptor (IL-6R) and by a soluble
receptor (sIL-6R), which are called classic and trans-signaling. The
inflammatory role of IL-6 is thereby mediated not by the classic
pathway, but rather via the trans-signaling pathway where IL-6
binds to sIL-6R and subsequently interacts with cells via the
membrane bound signaling molecule gp130 (8, 9). Here, sIL-6R is
released from inflammatory cells such as lymphocytes and
macrophages by proteolytic cleavage on the cell surface (10).

Inhibition of both membrane and soluble IL-6R using
monoclonal antibodies such as tocilizumab, satralizumab,
sarilumab or olokizumab is a standard therapy for patients with
rheumatoid arthritis or COVID-19 (11, 12). These agents attenuate
all forms of IL-6 signaling, reducing serum levels of C-reactive
protein (CRP) and other downstream biomarkers.

In this study, we tested the biological effect of IL-6 signaling
downregulation on the risk of periodontitis simulating the effect of
monoclonal antibodies that target IL-6R by blocking both IL-6 classic
and trans-signaling (13-16). Mendelian randomization (MR) is a
method to study causal effects on disease outcomes that uses randomly
allocated germline genetic variants as proxies for exposures (17). This
approach is relatively robust to confounding and reverse causality as
these variants stay unchanged after conception. Drug-target MR uses
variants in the close vicinity of a gene encoding a protein target as
proxies to study causal effects on disease outcomes (Figure 1) (19, 20).
Accordingly, genetic variants in the vicinity of the IL6R gene serve as
proxies for the targeted pharmacological agent.

Materials and methods

Drug target MR (or cis-MR) is a study design that leverages
large genetic data to estimate the effect of drug therapy in the
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absence of evidence from randomized clinical trials (RCTs).
While estimates from other observational study designs are
often biased by unmeasured confounding, MR uses genetic
instrumental variables to imitate the randomization of RCTs to
yield unconfounded effect estimates and has recently been
introduced to the field of periodontology (6, 21). For an
unbiased effect estimation, three instrumental variable
assumptions must be true: The relevance assumption demands
a strong association between genetic instruments and the
exposure. This assumption can be tested using statistical
approaches such as F statistics. The exchangeability assumption
demands that genetic instruments are independent of
confounders of the exposure-outcome relation. The exclusion
restriction assumption finally demands that genetic instruments
affect the outcome only via the exposure.

Genetic instruments and study population

Single nucleotide polymorphisms (SNPs) were used to proxy
the effect of IL-6 signaling downregulation and to estimate the
downstream effect of drugs for blocking IL-6Rs, such as
tocilizumab, on periodontitis risk. We identified SNPs within
300 kilobases on either side of the targeted IL6R gene that were
associated with CRP serum levels, a reliable downstream
biomarker of IL-6 signaling (22) (Table 1, Figure 1). We
assumed that these SNPs directly affect IL6R leading to a
modified version or altered quantities of the protein (Figure 2).
Variants were robustly associated with CRP in a genome-wide
association study (GWAS) meta-analysis of the combined data of
575 531 participants of European descent of the UK Biobank and
the Cohorts for Heart and Aging Research in Genomic
Epidemiology (CHARGE) consortium (23). All variants had a p-
value <5e-8 for their association with CRP and low linkage
disequilibrium (r’<0.2). We estimated the effect of CRP-
associated variants on the risk of periodontitis using the GWAS
of 17 353 cases and 28 210 controls of European descent from the
Gene-Lifestyle Interactions in Dental Endpoints (GLIDE)
consortium (24). Periodontitis cases were classified by either the
Centers for Disease and Control and Prevention/American
Academy of Periodontology (CDC/AAP) or the Community
Periodontal Index (CPI) case definition.
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Genomic map for the selected 52 SNPs in the vicinity of the IL6R gene. This figure shows the location of the instrumental SNPs around the IL6R
gene on chromosome 1. Variants in the close vicinity of the IL6R gene were used to proxy downregulation of IL-6 signaling and to estimate its
genetically proxied effect on periodontitis. Variants associated with CRP based on P<5x10-8 within 300 kilobases of the IL6R gene were selected as
genetic proxies of IL-6 signaling downregulation. At the top, chromosome 1 is drawn with the subregion of interest marked in red. The ‘IL6R" track
shows the combined gene model of the alternative transcripts of the IL6R gene. At the bottom, the SNP locations are plotted along the same

genomic coordinate. The figure was created using the mapsnp package (18).

Additional analysis

Our primary analysis includes only variants in the vicinity of the
IL6R gene (cis IL6R) acting as a proxy for the target drug effect that
contribute to the effect estimate weighted by their effect on CRP.
This way we obtain an adequate estimate of IL6R function and its
effect on downstream IL-6 signaling. To further examine whether
CRP is a potential causal target or merely an otherwise uninvolved
marker of IL-6R inhibition we performed an additional analysis
using four variants located in the CRP gene (cis CRP) that have
previously been selected to fully cover the common variations of
this gene in populations of European descent (25). These variants
are supposed to alter CRP independent of IL-6 and thus might
indicate a causal effect of CRP on the risk of periodontitis.

Statistical analysis

The direction of genetic associations between exposure and
outcome was harmonized. We performed the MR analysis using the
well-documented multiplicative random-effects inverse variance
weighted (IVW) method (26). Odds ratios (ORs) were scaled to
reflect the equivalent of a 1-unit reduction in serum CRP levels on
the log scale. The instrumental variable relevance assumption was
tested by the F statistic (17), and F statistics of at least 10 were
regarded as an indication of no weak instrument bias. Leave-one-
out analysis was used to assess whether the estimate was biased by a
single outlier instrument. The exclusion restriction instrumental
variable assumption was probed by searching the PhenoScanner
database for associations of SNPs with known risk factors of
periodontitis, especially tobacco smoking and diabetes (27). Any
association between a genetic instrument and a risk factor for
periodontitis would hint at horizontal pleiotropy, a violation of
the exclusion restriction assumption (17). In this study the risk of
violating the exchangeability or exclusion restriction assumption
was substantially reduced as the genetic instruments stemmed from
the close vicinity of the coding IL6R gene and variants were
therefore acting in cis (19, 20). We analyzed the data using R
version 4.2.1 (R Foundation for Statistical Computing) using the
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MendelianRandomization and TwoSampleMR packages and
designed the study according to STROBE-MR (28).

Results

Characteristics of genetic variants in the IL6R gene region used
to proxy IL-6R antagonists are presented in Table 1. In brief, 52
SNPs in the vicinity of IL6R (cis IL6R) were used to proxy IL-6
signaling downregulation. F statistics for the genetic instruments
ranged from 31 to 1 802, suggesting no weak instrument bias.
Genetically proxied IL-6 signaling downregulation was associated
with a reduced odds of periodontitis (OR per 1-unit decrement in
log-CRP levels = 0.81; 95% confidence interval (CI): [0.66; 0.99]; P =
0.0497) in the inverse variance weighted (multiplicative random
effects) regression (Table 2, Figure 3). No highly influential leverage
points were identified in leave-one-out analyses (Appendix
Table 1). Searching for associations of SNPs with known risk
factors of periodontitis, we found no evidence for an association
of any instrument with smoking or diabetes.

The additional analysis, which used variants from the vicinity of
the CRP gene (cis CRP), yielded a similar effect of CRP reduction on
the risk of periodontitis (OR = 0.81; 95% CI: [0.68; 0.98]; P =
0.0296) (Table 2).

Discussion

In this study, we assessed the potential benefit of inhibiting IL-6
signaling to reduce the risk of periodontitis using the principle of
instrumental variable estimation. We used genetic variants in the
close vicinity of the IL6R gene to proxy the effect of inhibiting IL-6R.
Our results suggest that intervening on this target through
pharmacotherapy might support the prevention and treatment of
periodontal disease. While we leveraged CRP as a downstream
biomarker of IL-6 signaling downregulation, an additional analysis
using genetic variants in the CRP gene suggests that CRP might be a
substantial causal mediator downstream of IL-6.
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TABLE 1 Summary of CRP associated variants in IL6R.

10.3389/fimmu.2023.1160148

SNP EA OA EAF BETA SE P-value F statistic
1510796927 T C 0.729 0.040 0.002 2.5e-71 330.6
15111879666 T C 0.039 -0.055 0.005 1.5e-28 1223
15112203594 A C 0.013 0.038 0.007 2.4e-08 313
15112505856 T C 0.052 -0.041 0.006 1.2e-11 46.1
1511264239 A G 0.057 -0.038 0.005 1.3e-16 67.9
15113580743 A G 0.038 0.051 0.005 1.4e-21 90.8
15116037345 T C 0.043 0.036 0.006 2.5e-09 35.6
15116059394 A G 0.951 -0.046 0.004 2.5e-24 102.7
15116141616 A G 0.018 0.037 0.006 9.5¢-09 33.1
1511811450 A G 0.913 -0.022 0.004 2.7e-10 39.1
1512083537 A G 0.807 0.066 0.002 3.1e-159 749.4
1512406117 A G 0.587 0.013 0.002 6.5e-11 44.2
1512726220 A G 0.927 0.025 0.004 1.3e-08 32.1
1512735458 A G 0.987 0.077 0.009 1.le-18 77.2
1512750774 A G 0.308 -0.063 0.002 2.0e-191 902.9
15139364224 T C 0.979 -0.060 0.008 5.9¢-15 61.5
15139952834 T C 0.029 0.064 0.009 3.3e-12 48.1
15142768042 T C 0.020 0.040 0.006 4.7e-11 43.4
15144671207 A G 0.018 -0.056 0.009 1.6e-09 36.1
15145262901 A G 0.018 -0.057 0.010 7.0e-09 33.4
15145909430 T C 0.987 0.103 0.008 2.3e-39 174.0
15147830103 A G 0.041 0.043 0.007 7.1e-10 383
1516835819 T C 0.989 0.080 0.009 1.4e-20 85.6
151760798 T C 0.769 -0.018 0.002 2.9e-14 59.9
15183641528 A G 0.013 -0.080 0.008 7.3e-26 1116
151889312 A G 0.428 -0.022 0.002 6.5¢-28 1243
13738028 A C 0.560 0.015 0.002 1.2e-11 47.7
153766925 A T 0.256 -0.015 0.002 6.4e-11 443
153766926 T C 0.805 -0.046 0.002 1.0e-78 365.8
1541269913 T C 0.045 -0.040 0.005 2.3e-13 53.7
154133213 A C 0.393 -0.085 0.002 1.0e-200 1,802.0
154509570 C G 0.720 -0.048 0.002 9.3e-94 437.4
154845626 T G 0.187 0.052 0.003 1.4e-85 398.5
154845663 T C 0.592 -0.013 0.002 4.5¢-10 40.3
1555676222 A T 0.914 0.066 0.004 2.0e-71 313.4
1$56100876 A G 0.018 -0.106 0.008 5.4e-39 172.5
1561806853 T C 0.962 0.044 0.005 3.8e-20 84.0
1561811421 T C 0.259 0.038 0.002 2.0e-53 245.4
1867156297 A G 0.250 0.031 0.002 2.7e-43 197.3
(Continued)
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TABLE 1 Continued

10.3389/fimmu.2023.1160148

S EA OA EAF BETA SE P-value F statistic
1572698179 A C 0.037 0.056 0.006 1.5¢-18 77.6
157523010 A T 0.249 0.024 0.003 1.2-19 85.2
157525477 A G 0.480 0.029 0.002 2.6e-43 197.3
1575456865 A T 0.978 -0.044 0.005 6.9e-17 69.5
1576289529 T C 0.033 -0.052 0.006 6.4¢-20 83.5
1577994623 T C 0.136 0.046 0.003 1.6e-61 284.0
1578739139 A G 0.062 -0.050 0.005 1.0e-27 118.1
1579438587 T C 0.160 -0.018 0.003 1.4e-10 39.8
1579505546 T C 0.011 -0.059 0.009 3.9e-11 433
1579778789 A G 0.986 0.053 0.008 4.4e-11 439
1579794939 T C 0.073 0.035 0.004 9.2-20 81.5
158192484 A T 0.973 -0.041 0.007 1.3e-08 326
159427092 T C 0.817 -0.029 0.002 1.8e-30 136.4

EA, effect allele. OA, other allele. EAF, effect allele frequency. SE, standard error

Patients with periodontitis have been observed with increased
levels of IL-6 in serum (29), saliva (29), and gingival crevicular fluid
(30). Similarly, a study found increased concentrations of sIL-6R in
the gingival crevicular fluid of periodontitis patients and showed in
vitro that calprotectin induced sIL-6R production in THP-1
macrophages might be responsible for this association (31).
Therefore, patients with periodontitis might be especially
susceptible to an excess of IL-6. In contrast, IL-6 secretion in
periodontal ligament fibroblasts was suppressed by overexpression
of microRNA (miR)-146a in the presence of porphyromonas
gingivalis (32) and several studies suggest that expression levels of
miR-146a and transglutaminases might similarly be associated with
IL-6 expression in inflamed periodontal ligament (33, 34). The
continuous observation of IL-6 levels in monkeys with ligature-
induced periodontitis revealed that IL-6 occurred as a response to
acute initial periodontitis, but remained low in the progression and
resolution phases of the disease (35).

Beyond that, the involvement of IL-6 in the development of
periodontitis is well recognized (36). IL-6 has pleiotropic effects on
lymphocyte promotion and tissue destruction, predominantly
mediating B cell activation. Building an IL-6-IL-6R-gp130 complex,
IL-6 induces Janus kinase (JAK) to mediate the phosphorylation of
signal transducer and activator of transcription 3 (STAT3) and the
formation of phosphorylated STAT3 homodimers. Via JAK-STAT3
signaling the expression of IL-6-responsive genes such as suppressor
of cytokine signaling 1 (SOCS1) and SOCS3 is upregulated. JAK
phosphorylates the cytoplasmic domain of gp130 at tyrosine 759, the
binding site of SH2 domain tyrosine phosphatase 2 (SHP2), enforcing
the mitogen-activated protein kinase (MAPK) pathway (37). Besides
that, IL-6 increased osteocyte-mediated osteoclastic differentiation by
activating JAK2 and Receptor activator of nuclear factor-«B ligand
(RANKL) in vitro (38).

IL-6R is a popular drug target for the treatment of inflammatory
diseases. Blockade of IL-6R with monoclonal antibodies such as
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IL-6 signaling. Variants in the IL6R gene act as proxies for downregulation of IL-6 signaling. SNPs in this region that are strongly associated with CRP

are assumed to act via modifying IL-6 receptors.
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Association of cis—IL6R SNPs with periodontitis
°
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Association of cis—IL6R SNPs with CRP

FIGURE 3

Inverse variance weighted (multiplicative random effects) regression.
Instrumental SNPs are plotted with error bars indicating the
respective standard errors. The slope of the regression line equals
the logarithm of the effect estimate. For better graphical display
associations were harmonized to lie on the positive x-axis. SNP,
single-nucleotide polymorphism; CRP, c-reactive protein.

tocilizumab is a long-established treatment of rheumatoid arthritis
to reduce systemic and articular inflammation. Rheumatoid
arthritis and periodontitis are known to be directly associated
(39) and a study of 55 patients diagnosed with rheumatoid
arthritis and chronic periodontitis first showed improved
periodontal conditions after 20 months of medication with II-6R
antagonists (40). Similar studies observed improvements of the
periodontal status after only 6 months of treatment (41, 42)
suggesting potential benefits of even short term intake of IL-6R
antagonists. So far, no study examined the effect of IL-6R
antagonists on periodontitis in patients without rheumatoid
arthritis. This might be caused by fears of potential adverse effects
on immunity, which, however, might be less serious when the drugs
are administered locally than when administered systemically (4).

Our analytical approach is novel in dentistry, but well-
established in other fields of medicine. Notably, the potential
benefit of blocking IL-6R for prevention of coronary heart disease
was among the first major applications of the drug target Mendelian
randomization approach (43) initiating further research and finally
leading to the development of ziltivekimab, a novel IL-6R inhibiting
drug specifically for use in atherosclerotic disease (44).

We selected genetic instruments based on their association
with CRP instead of circulating IL-6. Blockade of IL-6R would
inhibit the transfer of IL-6 into cells and lead to an accumulation
of IL-6 in the circulatory system. Therefore, genetic variants in

10.3389/fimmu.2023.1160148

the IL6R gene region that are associated with increased
circulating levels of IL-6 would rather indicate reduced IL-6
signaling, leading to opposite directions of association with
disease outcomes to those expected based on serum IL-6
measurements. Instead, CRP is a direct indicator of IL-6
signaling (22), and according to our analysis a possible causal
mediator for the risk of periodontitis.

CRP is mainly synthesized by hepatocytes in the liver in
response to inflammation and tissue damage, but it can also be
produced locally by arterial tissue. After binding to polysaccharides,
CRP activates the classical complement pathway and prepares
ligands for phagocytosis. While CRP serum levels are routinely
used to indicate systemic inflammation and nonsurgical periodontal
treatment consistently lead to reduced serum CRP levels (45), less is
known about the causal role of inflammation markers in general,
and CRP in specific, in the pathogenesis of periodontitis (46).
While our analyses suggest a causal role of CRP in the
pathogenesis of periodontitis, this finding was rather unexpected,
and it remains to be seen whether CRP is a suitable target to break
the vicious feed-forward loop linking periodontitis to systemic low-
grade inflammation.

The drug target MR approach has some limitations. First, the
method models a linear association of genetically proxied IL6R
inhibition around the observed mean of CRP and is not able to
estimate the effect at extremes of the distribution. Second, the
analyses did not account for anti-inflammatory drug use. Third,
the result is foremost to be interpreted as a test of the causal
association. The actual size of risk lowering achieved through IL-6R
inhibitors cannot reliably be predicted in this kind of analysis. Drug
target MR effect estimates rather correspond to continuous long-
term modulation of drug targets resembling preventive intake. Drug
intake as therapy in an acute phase of periodontitis over a relatively
short period of time might therefore yield different treatment
effects. Fourth, our analyses used data of patients with European
ancestry and may not directly be transferable to populations of
different heritage. Fifth, the instrumental variable analysis relies on
certain unverifiable assumptions, namely exchangeability and
exclusion restriction. However, for studies targeting a protein the
biasing effect of horizontal pleiotropy should be minimal. Finally,
we recognize that effects on health outcomes are mediated by classic
and trans signaling in differing ways, and that our genetic
instruments may not act in the same way as IL-6R antagonists or
other approaches to downregulate IL-6, for example by intervening
on miR-146a expression in periodontal tissue.

TABLE 2 Genetically proxied downregulation of IL-6 signaling and CRP reduction.

Target OR
cis IL6R 0.81
cis CRP 0.81

(95% Cl) P-value
(0.66;0.99) 0.0497
(0.68;0.98) 0.0296

OR (odds ratio) representing the change in odds of periodontitis per genetically proxied inhibition of drug target equivalent to 1 unit decrease in serum CRP on the log scale; CI, confidence
interval; cis IL6R: variants selected from the vicinity of the IL6R gene; cis CRP: variants selected from the vicinity of the CRP gene
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Conclusion

In conclusion, we found genetic evidence for a reduced risk of
periodontitis through downregulation of IL-6 signaling. Our results
identified IL-6R as a potential drug target to prevent the
development of periodontitis and as a host modulating adjunctive
periodontitis therapy. While there is some clinical evidence to
support our findings, the effect of IL-6R antagonists should be
investigated in more detail. Further genetic studies could help
dissect the downstream effect of IL-6 signaling on periodontitis.
Beyond that, our study highlights the benefit of leveraging genetic
data to investigate drug repurposing and adverse effects in dentistry.
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