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Epidemiological research has suggested that inhibition of tumor necrosis factor (TNF)-a. in patients with
rheumatoid arthritis (RA) reduces the overall risk of Alzheimer’s disease (AD). TNF-o. antagonists have
been suggested as a potential treatment for AD. We used a two-sample Mendelian randomization design
to examine the causal relationship between blood TNF expression, serum TNF-o levels, and RA on AD risk.
Our results do not support a causal relationship between TNF expression, serum TNF-a levels, and RA on

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Chronic systemic inflammation may be associated with an
increased risk of developing dementia (Wyss-Coray, 2006), with
higher levels of serum proinflammatory cytokines being reported in
patients with Alzheimer’s disease (AD) (Lai et al., 2017). Chronic
systemic inflammation is characterized by the production of the
proinflammatory cytokine tumor necrosis factor o (TNF-a) from
macrophages. TNF-o is involved in the pathogenesis of chronic
autoimmune disorders such as rheumatoid arthritis (RA) but also
plays a role in activation of the innate immune response, including
in microglial cells (Perry et al., 2007). Inflammation represents a
potential means of modifying AD pathogenesis, with the link be-
tween peripheral inflammation, TNF-a, and neuroinflammation,
suggesting that TNF-a inhibition may reduce the risk of AD. In this
study, we use Mendelian randomization (MR) to test whether RA,
TNF gene expression, and TNF-« levels are causally related to AD
risk.

2. Methods

We obtained cis- expression quantitative trait loci (cis-eQTLs)
data derived from whole blood for TNF expression from the
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eQTLGen project (n = 31,684) (Vosa et al., 2018), protein quantita-
tive trait loci data derived from whole blood TNF-a levels (n =
13,577) (Sliz et al., 2019), and single nucleotide polymorphisms for
RA from a previous genome wide association studies (GWAS) meta-
analysis (14,361 cases, 43,923 controls) (Okada et al., 2014). Three
independent (r?> > 0.001, 1000-kb window) eQTLs for TNF, ten
nominally significant (p < 5e-6) independent TNF-a protein
quantitative trait loci, and 56 independent genome-wide significant
(p < 5e-8) single nucleotide polymorphisms for RA were selected
for analysis. The effect sizes of the eQTLs were estimated from z-
statistics as previously described because they were not available in
the summary data (Zhu et al., 2016). AD GWAS summary data were
from a meta-analysis comprising 21,982 cases and 41,944 controls
(Kunkle et al., 2019). Supplementary Table 1 presents the harmo-
nized instruments.

We used two-sample Mendelian randomization to estimate
causal effects using the Wald ratio for individual variants and an
inverse-variance—weighted (IVW) fixed-effects meta-analysis for
an overall estimate (Hemani et al., 2018). To account for potential
violations of the assumptions underlying the IVW analysis, we
conducted a sensitivity analysis using MR-Egger regression and the
Weighted Median Estimator (Hemani et al., 2018). Heterogeneity
was tested using Cochran’s Q statistic (Hemani et al., 2018). The
proportion of variance explained by each instrument and power
were calculated as previously described (Brion et al., 2013; Shim
et al., 2015). Code is available at https://github.com/marcoralab/
MR_TNFE
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3. Results

The selected instruments for TNF expression, TNF-a levels, and
RA risk explained 5.93% (F = 285), 1.74% (F = 24.1), and 19.2% (F =
247) of the variance, respectively. Given a sample size of 63,926
with the proportion of cases equal to 0.34, this study was
adequately powered to detect an OR of any AD of 1.1 for TNF
expression, 1.19 for TNF-a levels, and 1.055 for RA. There was no
evidence of a causal association of TNF expression, TNF-o levels or
RA on AD risk in the IVW, Weighted Median Estimator, or MR-Egger
regression analyses (Supplementary Table 2). Similarly, there was
no causal association for the individual TNF eQTLs. There was evi-
dence of heterogeneity (Q = 84.8, df = 54, p = 0.00472) in RA
analysis but not for the TNF (Q = 3.46, df = 2, p = 0.177) or TNF-a.
(Q=1112,df = 9, p = 0.26) analyses.

4. Discussion

This study examined the causal association of blood TNF
expression, serum TNF-o levels, and RA with AD risk using Men-
delian randomization. Despite adequate statistical power to detect
an effect, we do not find any evidence that increased TNF expres-
sion, TNF-a, levels, or RA risk is causally associated with increased
AD risk. These results suggest that TNF-a. antagonists, such as eta-
nercept, are unlikely to reduce the risk of AD.

Incidence of AD was reported to be lower in patients with RAin a
meta-analysis of 10 studies; however, an MR analysis conducted
using an earlier AD GWAS also found no causal effect of RA on AD
(Policicchio et al., 2017). Although animal studies of AD models
suggest that TNF-o inhibition ameliorates AD-related pathology,
only a few human studies have been conducted (Ekert et al., 2018).
An open-label clinical trial conducted in patients with mild to se-
vere AD (n = 15) found that perispinal extrathecal administration of
etanercept was associated with significant improvement in cogni-
tive function (Tobinick et al., 2006). In contrast, a double-blind
study of etanercept conducted in patients with mild to moderate
AD (n = 41) over a 24-week period found that subcutaneous
administration of etanercept showed no effect on cognitive, func-
tional, or behavioral assessments (Butchart et al., 2015).

There are limitations to this study. First, this analysis was
restricted to the expression of TNF mRNA in whole blood. Analysis
in additional tissues may implicate TNF expression as a causal risk
factor, however, the sample sizes available for other tissues are 30 x
smaller than that of whole blood and thus have considerably
reduced power (GTEx Consortium et al., 2017). Second, for the TNF-
o, analysis, we included nominally significant variants, which can
bias results toward the null. Finally, these MR estimates represent
the effect of lifelong exposure to increased TNF expression or TNF-¢,
levels, whereas drugs generally have shorter periods of exposure
and may not distinguish between critical periods of exposure
(Walker et al., 2017).
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