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Plasma lipidome, circulating
inflammatory proteins, and
Parkinson'’s disease: a Mendelian
randomization study

Yidan Qin, Lin Wang, Jia Song, Wei Quan, Jing Xu and
Jiajun Chen*

Department of Neurology, China-Japan Union Hospital of Jilin University, Changchun, Jilin, China

Background: Observational studies have suggested that plasma lipidome play a
pivotal role in the occurrence of Parkinson’s disease (PD). However, it remains
unknown which lipids among plasma lipidome affect PD and how they exert
their influence. Clarity is lacking regarding the causal relationship between
plasma lipidome and PD, as well as whether circulating inflammatory proteins
serve as mediators.

Methods: Single nucleotide polymorphisms (SNPs) significantly associated with
179 plasma lipidome were selected as instrumental variables to assess their
causal impact on PD. PD data, serving as the outcome, were sourced from
the International Parkinson’s Disease Genomics Consortium, which boasts the
largest sample size to date. The inverse variance weighted (IVW), Weighted
median method, MR-Egger method, Simple mode method, Weighted mode
method and MR-PRESSO were employed to evaluate the influence of the 179
plasma lipidome on PD. Heterogeneity, pleiotropy tests, and reverse causality
analyses were conducted accordingly. Additionally, we analyzed the causal
relationship between 91 circulating inflammatory proteins and PD, exploring
whether these proteins serve as mediators in the pathway from plasma lipidome
to PD.

Results: Among the 179 plasma lipidome, three were found to be associated
with a reduced risk of PD: Phosphatidylcholine (14:0_18:2) (IVW, OR =0.877;
95%Cl, 0.787-0.978; p =0.018), Phosphatidylcholine (16:0_16:1) levels (IVW,
OR=0.835; 95%Cl, 0.717-0.973; p =0.021), and Phosphatidylcholine (O-
17:0_17:1) levels (IVW, OR = 0.854; 95%Cl, 0.779-0.936; p = 0.001). Meanwhile,
Sphingomyelin (d38:1) was linked to an increased risk of PD (IVW, OR =1.095;
95%Cl, 1.027-1166; p =0.005). Among the 91 circulating inflammatory
proteins, three were associated with a lower PD risk: Fibroblast growth factor 21
levels (IVW, OR =0.817; 95%Cl, 0.674-0.990; p =0.039), Transforming growth
factor-alpha levels (IVW, OR=0.825; 95%Cl, 0.683-0.998; p =0.048), and
Tumor necrosis factor receptor superfamily member 9 levels (IVW, OR = 0.846;
95%Cl, 0.744-0.963; p =0.011). Two were associated with a higher risk of PD:
Interleukin-17A levels (IVW, OR=1.285; 95%Cl, 1.051-1.571; p =0.014) and
TNF-beta levels (IVW, OR=1.088; 95%Cl, 1.010-1.171; p = 0.026). Additionally,
a positive correlation was observed between Phosphatidylcholine (14:0_18:2)
levels and Fibroblast growth factor 21 levels (IVW, OR =1.125; 95%Cl, 1.006-
1.257; p =0.038), suggesting that Fibroblast growth factor 21 levels may serve
as a mediating factor in the pathway between Phosphatidylcholine (14.0_18.2)
levels and PD. The mediation effect was estimated to be —0.024, accounting for
approximately 18% of the total effect.
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Conclusion: Both plasma lipidome and circulating inflammatory proteins
demonstrate a causal relationship with PD. Additionally, circulating inflammatory
proteins may serve as mediators in the pathway from plasma lipidome to
PD. These findings may contribute to the prediction and diagnosis of PD and
potentially pave the way for targeted therapies in the future.
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1 Introduction

Parkinson’s disease (PD) is a progressive neurodegenerative
disorder characterized by the loss of dopaminergic neurons in the
substantia nigra and the deposition of a-synuclein. Its typical
manifestations include resting tremor, bradykinesia, postural
instability, and rigidity of the limbs (Tansey et al., 2022). With the
aging population, the prevalence of PD is expected to gradually
increase (Beitz, 2014), potentially doubling over the next 30years
(Tolosa et al., 2021), posing a significant burden on patients’ daily
activities and society’s healthcare system. However, the pathogenesis
of PD remains unclear, early diagnosis is challenging, and current
treatments are not curative. Therefore, it is crucial to explore predictive
factors for PD to improve early diagnosis rates and develop better
targeted therapies.

Lipids, an essential component of cell membranes, are primarily
classified in mammals as glycerides, sphingolipids, and sterols.
Initially regarded as structural components, lipids have been found to
regulate various cellular physiological functions and play a crucial role
in cell signaling and the production of bioactive metabolites
(Cockeroft, 2021). Studies have shown that lipid metabolism is not
only associated with immune diseases, cardiovascular diseases, and
diabetes (Luo et al., 2008; Duan et al., 2022; Zhang et al., 2022), but
also intimately linked to PD. Decreased catabolism of lipid substrates
in lysosomes can affect lysosomal function, thereby impeding the
clearance of a-synuclein (Galper et al., 2022). Additionally, lipids can
mediate the onset of PD by regulating immune responses, oxidative
stress, endolysosomal function, and endoplasmic reticulum stress
(Xicoy et al., 2019). Notably, lipids are part of a complex network
regulating numerous cellular and molecular processes, particularly
inflammation, playing a significant role in modulating inflammatory
factors (Gongalves et al., 2012; Leuti et al., 2020).

Neuroinflammation is a key pathogenic mechanism in PD
(Minchev et al., 2022; Morris et al., 2024). Numerous studies have
demonstrated that inflammatory factors can modulate the occurrence
of neuroinflammation, thus participating in the pathogenesis of PD
(Wang et al., 2019; Gautam et al., 2023). Both neurohistological and
neuroimaging studies support the persistent presence of
neuroinflammatory processes throughout the development and
terminal stages of PD. Inflammatory markers in peripheral blood and
cerebrospinal fluid may also trigger or exacerbate neuroinflammation,
leading to neurodegeneration (Tansey et al., 2022). Furthermore,
Belarbi et al. (2020) suggested that metabolic dysregulation of
glycosphingolipids may be associated with the occurrence of
neuroinflammation in PD.
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Research indicates altered plasma lipidome profiles in PD patients
(Guo et al.,, 2015), suggesting a possible association between PD and
plasma lipidome metabolism disorders (Hu et al., 2020). Although
several meta-analyses have shown that serum triglyceride, low-density
lipoprotein cholesterol, and total cholesterol levels have a protective
effect on PD (Fu et al., 2020; Jiang et al., 2020; Lu et al., 2021; Hong
et al,, 2022), these are based solely on observational studies, and the
causal relationship between these lipids and PD remains unclear. It is
also unknown which other lipids are associated with PD and the
underlying mechanisms involved. Additionally, meta-analyses have
demonstrated significantly elevated IL-17 levels in PD patients
(Gautam et al, 2023), leading us to speculate that circulating
inflammatory proteins may mediate the pathway from plasma
lipidome to PD. The identification of plasma lipidome may aid in the
prediction and diagnosis of PD and potentially serve as therapeutic
targets for PD in the future. Therefore, we conducted a Mendelian
randomization study to address these questions.

Mendelian randomization (MR) is a genetic analytical approach
that relies on the random allocation of parental alleles to offspring. It
aims to estimate the causal relationship between a specific exposure
and outcome by using genetic variations in exposure as instrumental
variables. Serving as a natural randomized controlled trial (RCT), MR
can reduce the confounding effects of environmental factors and
reverse causality inherent in observational studies (Skrivankova et al.,
2021). In this study, we conducted a comprehensive MR analysis using
the latest and largest genome-wide association studies (GWAS) for 179
plasma lipidome, 91 circulating inflammatory proteins, and PD. This
analysis aimed to reveal the causal relationship between these plasma
lipidome and PD risk and explore whether the circulating
inflammatory proteins serve as mediators in the pathway from plasma
lipidome to PD.

2 Materials and methods

This study is a re-analysis of previously collected and published
data and does not require additional ethical approval.

2.1 Study design

This study mainly comprises two parts. Firstly, we analyzed the
causal effects of 179 plasma lipidome groups and 91 circulating
inflammatory proteins on PD, respectively, and conducted sensitivity
analysis and reverse analysis. Secondly, we employed a two-step and
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FIGURE 1
Study desige. Overview of the research design. It is mainly divided into two parts: MR primary analysis and mediation analysis.

multivariate MR (MVMR) analysis to investigate the mediating role
of circulating inflammatory proteins in the relationship between
plasma lipidome and PD (Figure 1).

2.2 Data source

The genetic data for plasma lipidome were derived from a 2023
GWAS summary dataset encompassing 7,174 Finnish individuals.
This comprehensive dataset includes 179 lipid species belonging to 13
lipid classes covering 4 major lipid categories: glycerolipids,
glycerophospholipids, sphingolipids, and sterols (Ottensmann et al.,
2023). On the other hand, the genetic data for circulating inflammatory
proteins were sourced from a 2023 GWAS study involving 14,824
European individuals across 11 cohorts. This dataset encompasses 91
inflammation-related plasma proteins (Zhao et al., 2023).

The GWAS summary data for PD were obtained from the
International Parkinson’s Disease Genomics Consortium, which has
been archived by the ieu open gwas project (GWAS ID: ieu-b-7).
Representing the largest sample size available thus far, this dataset
comprises 33,674 PD patients and 449,056 control cases, encompassing
14 cohorts (Nalls et al., 2019).

2.3 Instrumental variables selection

In MR analysis, the instrumental variables (IVs) selected must
satisfy three assumptions: first, the genetic variant must be strongly
associated with the exposure; second, it must be independent of
confounding factors; and third, its effect on the outcome can only
be mediated through the exposure (Skrivankova et al., 2021).

Using the R package TwoSampleMR (version 0.5.7), SNPs
significantly associated with plasma lipidome were chosen with a
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threshold of p<1x10~°, while SNPs significantly associated with
circulating inflammatory proteins were selected using a threshold of
p<5x107°. Subsequently, SNPs in linkage disequilibrium were
excluded based on the criteria of r2<0.001 and a distance of
>10,000kb. After matching, palindromic SNPs were further removed.
The resulting selected IVs were then utilized for MR estimation of the
causal relationships between plasma lipidome or circulating
inflammatory proteins and PD.

Additionally, we calculated the F-statistic for each IV and
discarded weak IVs with an F-statistic <10 (Burgess et al., 2017).

2.4 MR primary analysis

To evaluate the causal impacts of plasma lipidome and circulating
inflammatory proteins on PD, we conducted two-sample Mendelian
randomization (MR) analyses using R version 4.3.1 and the
TwoSampleMR package (version 0.5.7) for plasma lipidome and
circulating inflammatory proteins, respectively. Inverse-variance
weighted (IVW) analysis was employed as the primary analytical
approach. Additionally, we complemented our findings using MR
Egger, weighted median, simple mode, weighted mode and
MR-PRESSO. Heterogeneity among the selected IVs was tested using
the Cochran’s Q test. Multicollinearity was examined using the
MR-Egger test, with a significant intercept term indicating horizontal
pleiotropy (Burgess and Thompson, 2017). Furthermore, we employed
the Mendelian randomization pleiotropy residual sum and outlier
(MR-PRESSO) approach to assess pleiotropy and exclude outliers that
could potentially bias our estimates (Verbanck et al., 2018). Finally,
scatter plots, funnel plots, and leave-one-out sensitivity tests were
generated to further validate our results. Statistical significance was
considered when the p-value from IVW was less than 0.05 and the
directions of IVW and MR Egger were concordant. These rigorous
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analytical approaches ensure the robustness and reliability of
our findings.

2.5 Bi-directional causality analysis

To assess the impact of reverse causality on our findings,
we performed MR analysis with PD as the exposure and plasma
lipidome or circulating inflammatory proteins associated with PD as
the outcomes. SNPs significantly associated with PD were selected
using a threshold of p<1x107°, with the remaining steps identical to
the forward analysis. Furthermore, the Steiger’s directional test was
also conducted to further verify the correctness of the causal
relationship direction.

2.6 Mediation analysis

After completing MR primary analysis, we incorporated those
plasma lipidome and circulating inflammatory proteins that exhibited
significant causal effects on PD without any reverse causality into
step 2. we employed a two-step MR approach and further examined
the causal relationships between PD-associated plasma lipidome and
PD-related circulating inflammatory proteins. The threshold for
selecting SNPs significantly associated with plasma lipidome was set
at p <1x107°. Similarly, results were considered statistically significant
when the p-value from IVW analysis was less than 0.05 and the
directions of IVW and MR Egger were concordant. Under these
conditions, the mediation effect was calculated as Beta(A) * Beta(B),
and the proportion of mediation effect was expressed as a percentage
of the total effect (Figure 1). Finally, a multivariate Mendelian
randomization analysis was performed.

Additionally, we conducted a reverse causality analysis by treating
the circulating inflammatory proteins as the exposure and plasma
lipidome as the outcome, using the same MR analytical approach as
in the forward analysis.

3 Results

3.1 The causal effects of 179 plasma
lipidome on PD

The present study comprehensively analyzed the association
between 179 plasma lipidome and PD, with 3,981 SNPs being selected
as instrumental variables (IVs) for the 179 plasma lipidome
S1).  The
Supplementary Table S2) revealed that three plasma lipidome were

(Supplementary  Table results  (Figure  2;
significantly associated with a reduced risk of PD. Notably, these three
plasma lipidome belonged to different subtypes within the same
category. Specifically, (1) higher levels of Phosphatidylcholine
(14:0_18:2) exhibited a negative correlation with PD risk (IVW,
OR=0.877; 95%CI, 0.787-0.978; p=0.018). (2) Similarly, increased
Phosphatidylcholine (16:0_16:1) levels were inversely associated with
PD risk (IVW, OR=0.835; 95%CI, 0.717-0.973; p=0.021). (3)
Furthermore, Phosphatidylcholine (O-17:0_17:1) levels also
demonstrated a negative association with PD risk (IVW, OR=0.854;

95%CI, 0.779-0.936; p=0.001).
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Contrarily, one plasma lipidome was identified to be positively
associated with an increased risk of PD (Figure 2). Specifically, higher
levels of Sphingomyelin (d38:1) were positively correlated with PD
risk (IVW, OR=1.095; 95%CI, 1.027-1.166; p=0.005). Finally, the
results were further verified using MR-PRESSO, and all results showed
p<0.05 (Supplementary Table S3).

3.2 The causal effects of 91 circulating
inflammatory proteins on PD

The present study comprehensively examined the association
between 91 circulating inflammatory proteins and PD, with 1,435
SNPs selected as instrumental variables (IVs) for the 91 circulating
inflammatory proteins (Supplementary Table S4). The results
(Figure 3; Supplementary Table S5) revealed that three circulating
inflammatory proteins were significantly associated with a reduced
risk of PD. Specifically, (1) higher levels of Fibroblast growth factor 21
levels exhibited a negative correlation with PD risk IVW, OR=0.817;
95%CI, 0.674-0.990; p=0.039). (2) Similarly, increased levels of
Transforming growth factor-alpha levels were inversely associated
with PD risk (IVW, OR =0.825; 95%ClI, 0.683-0.998; p=0.048). (3)
Furthermore, Tumor necrosis factor receptor superfamily member 9
levels also demonstrated a negative association with PD risk (IVW,
OR=0.846; 95%CI, 0.744-0.963; p=0.011).

Contrarily, two circulating inflammatory proteins were identified
to be positively associated with an increased risk of PD (Figure 3).
Specifically, (1) higher levels of Interleukin-17A levels were positively
correlated with PD risk (IVW, OR=1.285; 95%CI, 1.051-1.571;
p=0.014). (2) Additionally, TNF-beta levels also exhibited a positive
association with PD risk (IVW, OR=1.088; 95%CI, 1.010-1.171;
p=0.026). Finally, the results were further verified using MR-PRESSO
(Supplementary Table S3).

3.3 Sensitivity analyses and reverse causal
effects of PD on plasma lipidome and
circulating inflammatory proteins

In the Cochran’s Q test, both MR-Egger and IVW yielded p-values
greater than 0.05, indicating no heterogeneity. Furthermore, the
MR-Egger intercept test showed a p-value above 0.05, and
MR-PRESSO reported a global p-value also exceeding 0.05, collectively
suggesting the absence of pleiotropy (Supplementary Table 56). No
significant abnormalities were observed in the leave-one-out analysis,
forest plots, Scatter plots, and funnel plots (Supplementary Figures
$1-88).

Additionally, a reverse causality analysis was conducted with PD
as the exposure and four lipid profiles and five circulating
inflammatory proteins as the outcomes. The results demonstrated no
causal relationship between PD and these analytes
(Supplementary Table S7).

Finally, the Steiger’s directional test was conducted to further
validate the correctness of the causal relationship directions between
plasma lipidome, circulating inflammatory proteins and PD,
respectively. The results showed that snp_r2.exposure was greater than
snp_r2.outcome, indicating a stronger association between SNPs and

exposure variables. All correct_causal_direction values were TRUE,
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Trait Method nSNP P Value OR (95% ClI)

Phosphatidylcholine (14:0_18:2) levels MR Egger 24 0.562 —a—— 0.909 (0.663 - 1.247)
Phosphatidylcholine (14:0_18:2) levels Weighted median 24 0.131 — . 0.896 (0.776 - 1.033)
Phosphatidylcholine (14:0_18:2) levels VW 24 0.018 +E 0.877 (0.787 - 0.978)
Phosphatidylcholine (14:0_18:2) levels Simple mode 24 0.137 —a— 0.831 (0.656 — 1.052)
Phosphatidylcholine (14:0_18:2) levels Weighted mode 24 0.868 —'l— 1.014 (0.862 - 1.193)
Phosphatidylcholine (16:0_16:1) levels MR Egger 16 0.760 L E 0.929 (0.586 - 1.474)
Phosphatidylcholine (16:0_16:1) levels Weighted median 16 0.674 —.— 0.955 (0.771 — 1.183)
Phosphatidylcholine (16:0_16:1) levels Ivw 16 0.021 —a— E 0.835 (0.717 - 0.973)
Phosphatidylcholine (16:0_16:1) levels Simple mode 16 0.874 I: 0.972 (0.694 - 1.364)
Phosphatidylcholine (16:0_16:1) levels Weighted mode 16 0.885 ' 0.976 (0.706 - 1.349)
Phosphatidylcholine (O-17:0_17:1) levels MR Egger 33 0.150 —I—E— 0.839 (0.664 — 1.059)
Phosphatidylcholine (O-17:0_17:1) levels Weighted median 33 0.137 —a— 0.908 (0.799 - 1.031)
Phosphatidylcholine (O-17:0_17:1) levels IVW 33 0.001 - 0.854 (0.779 - 0.936)
Phosphatidylcholine (O-17:0_17:1) levels Simple mode 33 0.874 —I:— 0.979 (0.757 - 1.267)
Phosphatidylcholine (O-17:0_17:1) levels Weighted mode 33 0.656 —.— 0.951 (0.764 - 1.184)
Sphingomyelin (d38:1) levels MR Egger 35 0.165 —E—I— 1.094 (0.967 - 1.237)
Sphingomyelin (d38:1) levels Weighted median 35 0.095 - 1.090 (0.985 - 1.207)
Sphingomyelin (d38:1) levels Ivw 35 0.005 | —— 1.095 (1.027 - 1.166)
Sphingomyelin (d38:1) levels Simple mode 35 0.374 —E—l— 1.077 (0.916 - 1.267)
Sphingomyelin (d38:1) levels Weighted mode 35 0.086 —a— 1.092 (0.991 - 1.203)

0I5 0.I75 1I 1.I25 1|5
FIGURE 2

Forest plot of 179 plasma lipidome and PD. Forest plots showed the causal associations between plasma lipidome and PD by using different methods.
IVW, inverse variance weighting; Cl, confidence interval; OR, odds ratio

Trait Method nSNP P Value OR (95% Cl)

Fibroblast growth factor 21 levels MR Egger 13 0.391 L 0 0.802 (0.494 - 1.302)
Fibroblast growth factor 21 levels Weighted median 13 0.303 —I—e— 0.880 (0.691 - 1.122)
Fibroblast growth factor 21 levels vw 13 0.039 —— 0.817 (0.674 — 0.990)
Fibroblast growth factor 21 levels Simple mode 13 0.535 : L 1.168 (0.725 - 1.881)
Fibroblast growth factor 21 levels Weighted mode 13 0.013 —a— E 0.616 (0.444 - 0.854)
Interleukin—-17A levels MR Egger 12 0.390 : L 1.245 (0.772 - 2.009)
Interleukin—17A levels Weighted median 12 0.126 —:—I— 1.231 (0.943 - 1.608)
Interleukin—17A levels vw 12 0.014 E —&— 1.285(1.051 - 1.571)
Interleukin—17A levels Simple mode 12 0.363 : L 1.229 (0.803 - 1.880)
Interleukin—-17A levels Weighted mode 12 0.332 : L 1.239 (0.819 - 1.877)
Transforming growth factor-alpha levels MR Egger 12 0.824 - 0.945 (0.579 — 1.540)
Transforming growth factor-alpha levels Weighted median 12 0.492 —_—— 0.911 (0.699 - 1.188)
Transforming growth factor-alpha levels VW 12 0.048 —I—E 0.825 (0.683 - 0.998)
Transforming growth factor-alpha levels Simple mode 12 0.493 L : 0.845 (0.529 - 1.347)
Transforming growth factor-alpha levels Weighted mode 12 0.816 - 0.957 (0.670 - 1.369)
TNF-beta levels MR Egger 19 0.145 -E—I— 1.094 (0.975 - 1.227)
TNF-beta levels Weighted median 19 0.051 —.— 1.092 (1.000 - 1.192)
TNF-beta levels VW 19 0.026 E+ 1.088 (1.010 - 1.171)
TNF-beta levels Simple mode 19 0.243 —)—— 1.136 (0.924 - 1.398)
TNF-beta levels Weighted mode 19 0.047 —— 1.095 (1.007 - 1.191)
Tumor necrosis factor receptor superfamily member 9 levels MR Egger 23 0.191 —I—E— 0.806 (0.589 - 1.102)
Tumor necrosis factor receptor superfamily member 9 levels Weighted median 23 0.079 —a— 0.840 (0.692 - 1.020)
Tumor necrosis factor receptor superfamily member 9 levels IVW 23 0.011 —— 0.846 (0.744 - 0.963)
Tumor necrosis factor receptor superfamily member 9 levels Simple mode 23 0.236 —I—E— 0.816 (0.588 - 1.132)
Tumor necrosis factor receptor superfamily member 9 levels Weighted mode 23 0.228 —.—— 0.855 (0.667 — 1.096)

0!5 0.J75 1| 1.|25 1?5
FIGURE 3

Forest plot of 91 circulating inflammatory proteins and PD. Forest plots showed the causal associations between circulating inflammatory proteins and
PD by using different methods. IVW, inverse variance weighting; Cl, confidence interval; OR, odds ratio.
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and p <0.05, indicating that the inferred causal directions were correct
(Supplementary Table S8).

3.4 Mediation analysis

A two-step MR analysis was conducted to explore the mediating
effects of plasma lipidome on PD via circulating inflammatory
proteins. The results (Supplementary Table S9), revealed a positive
correlation between Phosphatidylcholine (14:0_18:2) levels and
Fibroblast growth factor 21 levels (IVW, OR=1.125; 95%CI, 1.006—-
1.257; p=0.038). Notably, both Phosphatidylcholine (14:0_18:2) levels
and Fibroblast growth factor 21 levels exhibited a negative association
with the risk of PD. Based on these findings, this suggests that
Fibroblast growth factor 21 levels may serve as a mediator in the
pathway linking Phosphatidylcholine (14:0_18:2) levels and PD, with
a mediation effect of —0.024 and total effect of —0.131, the mediation
effect accounts for approximately 18% of the total effect.

Additionally, when the circulating inflammatory proteins were
considered as the exposure and the plasma lipidome as the outcome,
MR analysis did not reveal any reverse causal influence (IVW,
p=0.116). Moreover, the results of the Steiger’s directional test showed
that snp_r2.exposure was 0.103, snp_r2.outcome was 0.009, correct_
causal_direction was TRUE, and p value was 3.96E-57, indicating that
the inferred causal direction was correct.

Finally, a multivariate MR analysis was performed with
Phosphatidylcholine (14:0_18:2) levels and Fibroblast growth factor
21 levels as exposures and PD as the outcome. Unfortunately, both
exposure results were negative (p=0.889 and p=0.395).

4 Discussion

The brain ranks second only to adipose tissue in terms of lipid
concentration and diversity. Within the central nervous system,
metabolic disturbances of lipids have been linked to the occurrence,
progression, and severity of PD (Castellanos et al., 2021). Furthermore,
research has identified a shared genetic risk between lipids,
lipoproteins, and PD, where genetic variations associated with PD
regulate the blood levels of specific lipid species that play crucial roles
in the pathogenesis of PD (Klemann et al., 2017; Xicoy et al., 2021).

Investigations have shown that abnormal metabolism of lipids
such as triglycerides, glycerophosphoethanolamine, diglycerides,
fatty
glycerophospholipids, and cholesterol can lead to aberrant formation

polyunsaturated acids,  sphingolipids,  gangliosides,
of a-synuclein, triggering neuroinflammation in PD through various
innate and adaptive immune responses (Hatton and Pandey, 2022).
Notably, glycerophosphoethanolamine has been found to facilitate the
binding of acidic phospholipids with a-synuclein, thereby promoting
its abnormal aggregation (Jo et al., 2000). Sphingolipids, a specialized
class of lipids primarily confined to the nervous system, play a pivotal
role in inflammatory diseases, including PD (Quinville et al., 2021).
Ceramide, a central molecule in sphingolipid metabolism, serves as a
crucial regulator of cellular functions and can be degraded into
sphingosine (Ventura et al., 2019). Research has demonstrated that the
synthesis of ceramide, sphingosine, and sphingosine-1-phosphate is
associated with a-synuclein aggregation in PD patients (Gaspar et al.,
2018). Low levels of ceramide have also been associated with
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a-synuclein aggregation in PD (Abbott et al., 2014), suggesting that
the conversion of ceramide to sphingosine may be a crucial step in
a-synuclein aggregation in PD (Hatton and Pandey, 2022).

Scholars such as Avisar et al. (2021) have employed machine
learning algorithms to analyze 517 lipids across 37 categories and
discovered that dihydrosphingomyelin (dhSM-20:0), plasmalogen
phosphatidylethanolamine (PEp-38:6; 42:7), glucosylceramide
(GlcCer-16:0; 24:1), dihydroglycosphingosine-based ceramide
(dhGB3-22:0;16:0), and to a lesser extent, dihydroganglioside GM3
(dhGM3-16:0), can aid in predicting the severity of PD. Additionally,
Avisar et al. (2021) have demonstrated that various lipids, such as
those derived from vegetable oils, animal fats, or fatty acids, can
suppress cytotoxicity induced by pathological processes including
mitochondrial dysfunction, oxidative stress, apoptosis, and
inflammation. Targeted use of these oils or fatty acids may thus
contribute to the prevention of neurodegenerative diseases.
Furthermore, Alarcon-Gil et al. (2022) have shown that linoleic acid
exhibits neuroprotective and anti-inflammatory effects in PD models.
Exploring the relationship between lipids and PD not only facilitates
the identification of predictive factors for early diagnosis and
treatment but also aids in discovering therapeutic targets for
PD. However, the intricate interplay between PD and lipid metabolism
precludes a straightforward analysis of the plasma lipidome that
influence PD through observational studies. As a result, the exact
causal relationships and underlying mechanisms remain elusive. To
address this, we employed a two-sample MR analysis to investigate the
causal relationship between 179 plasma lipidome and PD, identifying
four plasma lipidome with significant causal associations. Reverse
causation analysis was also conducted. Nevertheless, the precise
mechanisms underlying how these plasma lipidome contribute to PD
remain unknown. We hypothesize that circulating inflammatory
proteins may mediate the relationship between these plasma lipidome
and PD. Consequently, we further analyzed the causal relationships
between 91 circulating inflammatory proteins and PD, discovering
five circulating inflammatory proteins with significant causal
associations, which were also subjected to reverse causation analysis.
Moreover, our MR analysis revealed a causal link between
PD-associated plasma lipidome and PD-related circulating
inflammatory proteins, suggesting that these circulating inflammatory
proteins may serve as mediators in the pathway between plasma
lipidome and PD. However, further multivariate MR analysis showed
no correlation between the phosphatidylcholine (14:0_18:2),
Fibroblast growth factor 21 and PD, and in the future, we still need
more data to verify this result.

The MR results indicated that elevated serum levels of
phosphatidylcholine (14:0_18:2), phosphatidylcholine (16:0_16:1),
and phosphatidylcholine (O-17:0_17:1) were associated with a
reduced risk of PD. Phosphatidylcholine, a zwitterionic phospholipid
composed of a hydrophilic head and hydrophobic tail, is a crucial
component of eukaryotic cell membranes. Its anti-inflammatory
properties have been implicated in the treatment of ulcerative colitis
(Treede et al., 2007). Additionally, phosphatidylcholine plays a
pivotal role in intracellular cholesterol transport and maintaining
membrane lipid homeostasis (Lagace, 2015). Genetic studies have
shown a shared etiology and significant negative correlation between
PD and blood levels of phosphatidylcholine aa 32:3 (Xicoy et al.,
2021). (2015)
phosphatidylcholine and lysophosphatidylcholine lipid classes in the

Farmer et al observed downregulation of
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substantia nigra of a PD animal model. Consistently, Chang et al.
(2022) reported a downregulation of phosphatidylcholine (35:6) in
the plasma of PD patients. However, Lopez de Frutos et al. (2022)
found increased levels of phosphatidylcholine and decreased levels
of lysophosphatidylcholine in the plasma of PD patients from the
Iberian Peninsula, which may be attributed to the species diversity
of phosphatidylcholine and its varying roles in different
metabolic pathways.

Furthermore, through a more profound analysis, it has been
revealed that Fibroblast growth factor 21 levels may serve as a
mediating factor in the pathway between phosphatidylcholine
(14:0_18:2) and PD. Elevated levels of phosphatidylcholine (14:0_18:2)
promote the increase of Fibroblast growth factor 21 levels, thereby
exerting a protective effect on PD. The mediating effect is estimated to
be —0.024, accounting for approximately 18% of the total effect.
Research has shown that the phospholipase/lysophospholipase
PNPLAS-PNPLA?7 axis can break down phosphatidylcholine, enabling
the endogenous choline stored in hepatic phosphatidylcholine to
be utilized for methyl metabolism and providing methyl groups for
the methionine cycle. In PNPLA7-deficient mice, due to reduced
phosphatidylcholine breakdown, methionine deficiency and disrupted
methionine cycling trigger the expression of Fibroblast growth factor
21 levels, mediating metabolic alterations (Hirabayashi et al., 2023).
Fibroblast growth factor 21 levels have been proven to ameliorate
brain metabolic disorders and behavioral deficits in PD mouse models
by promoting a favorable colonic microbiota composition and
influencing the microbiota-gut-brain metabolic axis (Yang et al.,
2023). Additionally, it regulates microglial polarization through the
sirtuin 1 (SIRT1)/nuclear factor-k B (NF-kB) pathway, thus alleviating
neurodegeneration in PD mice models and PD cellular models (Yang
et al., 2021). Therefore, We hypothesize that an increase in
phosphatidylcholine (14:0_18:2) levels may lead to a reduction in the
availability of methyl groups for the methionine cycle, impeding the
regeneration of methionine and the methyl donor
S-adenosylmethionine. This disruption in the methionine cycle, in
turn, promotes an increase in Fibroblast growth factor 21 levels,
exerting a protective effect against PD. Therefore, a decrease in
phosphatidylcholine (14:0_18:2) levels may serve as a predictor for PD.

Our MR analysis revealed that the risk of PD increases with
elevated serum levels of sphingomyelin (d38:1). Sphingomyelin, a
sphingolipid composed of ceramide linked to phosphocholine (or
phosphoethanolamine) at the C-1 hydroxyl group, is synthesized from
palmitic acid and serine through the intermediate sphingosine,
followed by conjugation with acyl-CoA and phosphocholine. Prior
studies have demonstrated a shared genetic etiology and positive
correlation between PD and blood levels of Sphingomyelin26:0 (Xicoy
etal,, 2021). Consistent with our findings, Gusev et al. (2020) observed
increased concentrations of seven out of 12 sphingomyelins in the
blood of preclinical subjects with PD risk. Xicoy et al. (2020a) also
reported increased levels of three sphingomyelin species in a PD cell
model. However, contrasting results have emerged from lipid and
transcriptome analyses of putamen samples from PD patients,
revealing decreased levels of most sphingomyelins, particularly
saturated sphingomyelins (Xicoy et al., 2020b). Similarly, Chang et al.
(2022) analyzed lipid changes in the plasma of PD patients and found
downregulation of sphingomyelins (d30:1), (d32:1), and (d39:1). The
differences in these results may be related to the species diversity
of sphingomyelins.
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Sphingomyelins play diverse roles in PD, yet their specific
functions remain elusive due to the complexity of their metabolic
pathways. Decreased levels of acid sphingomyelinase in PD may lead
to sphingomyelin accumulation, causing cellular toxicity. In addition,
reduced neutral sphingomyelinase activity may be associated with
decreased exocytosis of a-synuclein-containing exosomes, leading to
intracellular accumulation of a-synuclein (Signorelli et al., 2021).
Mutations in the sphingomyelin phosphodiesterase (SMPD1) gene,
which cleaves the phosphocholine head group of sphingomyelin to
produce ceramide (Schuchman et al., 1992), have been identified as a
risk factor for PD (Foo et al., 2013; Mao et al., 2017). Low ceramide
levels are also associated with a-synuclein aggregation in PD (Abbott
etal, 2014). These suggesting that SMPD1 mutations may disrupt the
conversion of sphingomyelin to ceramide, leading to sphingomyelin
accumulation, ceramide depletion, and subsequent a-synuclein
aggregation, which may trigger neuroinflammation and the
occurrence of PD.

We further explored the mediating role of circulating
inflammatory proteins between sphingomyelin (d38:1) and PD, but
unfortunately, no positive conclusions were obtained. The relationship
between sphingomyelin (d38:1) and PD may involve an exceptionally
complex metabolic network, necessitating further investigation.

To the best of our knowledge, this study is the first to utilize MR
analysis to investigate the causal relationship between 179 plasma
lipidome and PD, and it was discovered that circulating inflammatory
proteins may serve as intermediates. Our findings are reliable,
grounded in MR analysis of published large-scale GWAS results,
which circumvents issues of reverse causality and confounding factors.
We identified four plasma lipidome with a causal link to PD and
demonstrated that phosphatidylcholine (14:0_18:2) levels may reduce
PD risk by promoting fibroblast growth factor 21 levels. This discovery
may lead to the development of predictive biomarkers for PD,
enhancing early diagnosis rates and facilitating the development of
targeted therapeutics. However, several limitations should
be acknowledged. Firstly, as the GWAS data used in this study were
derived from European populations, our findings may not
be generalizable to other ethnic groups. Secondly, the 179 plasma
lipidome and 91 circulating inflammatory proteins analyzed were
measured in blood, not cerebrospinal fluid. Future studies should
expand sample sizes, include cerebrospinal fluid analysis, and
investigate diverse populations to further elucidate the mechanisms
and pathways underlying the role of plasma lipidome in PD. Finally,
our mediation analysis revealed that further multivariate MR analysis
showed no correlation between phosphatidylcholine (14:0_18:2),
fibroblast growth factor 21, and PD. More data are still needed in the
future to validate this result.

5 Conclusion

Utilizing a comprehensive MR analysis, we delved into the causal
relationships among plasma lipidome, circulating inflammatory
proteins, and PD. Our findings revealed three negative and one
positive causal effects between genetic predisposition to plasma
lipidome and PD. Similarly, there were three negative and two
positive causal effects between circulating inflammatory proteins and
PD. Furthermore, we discovered that fibroblast growth factor 21
levels appear to mediate the pathway from phosphatidylcholine
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(14:0_18:2) levels to PD. Our research offers valuable insights into
the intricate relationship between plasma lipidome and PD risk,
which can not only guide future exploration of PD pathogenesis but
also aid in the prediction, diagnosis, and even potential targeted
therapy of PD.

Data availability statement

Publicly available datasets were analyzed in this study. This
data can be found at: All data used in the study were obtained from
published articles or publicly available GWAS platform (https://
gwas.mrcieu.ac.uk/), and all data can be obtained for free.

Ethics statement

Ethical approval was not required for the study involving humans
in accordance with the local legislation and institutional requirements.
Written informed consent to participate in this study was not required
from the participants or the participants’ legal guardians/next of kin
with  the
institutional requirements.

in accordance national legislation and the

Author contributions

YQ: Writing - review & editing, Writing - original draft, Software,
Methodology, Data curation, Conceptualization. LW: Writing - review
& editing, Supervision, Project administration, Methodology,
Conceptualization. JS: Writing - review & editing, Validation,
Supervision, Software. WQ: Writing - review & editing, Project
administration, Methodology, Data curation, Conceptualization. JX:
Writing - review & editing, Validation, Resources, Conceptualization.
JC: Writing - review & editing, Supervision, Project administration,
Investigation, Funding acquisition, Conceptualization.

References

Abbott, S. K., Li, H., Muioz, S. S., Knoch, B., Batterham, M., Murphy, K. E., et al.
(2014). Altered ceramide acyl chain length and ceramide synthase gene expression in
Parkinson’s disease. Mov. Disord. 29, 518-526. doi: 10.1002/mds.25729

Alarcon-Gil, J., Sierra-Magro, A., Morales-Garcia, J. A., Sanz-SanCristobal, M.,
Alonso-Gil, S., Cortes-Canteli, M., et al. (2022). Neuroprotective and anti-inflammatory
effects of linoleic acid in models of Parkinson's disease: the implication of lipid droplets
and Lipophagy. Cells 11:2297. doi: 10.3390/cells11152297

Avisar, H., Guardia-Laguarta, C., Area-Gomez, E., Surface, M., Chan, A. K.,
Alcalay, R. N, et al. (2021). Lipidomics prediction of Parkinson's disease severity: a
machine-learning analysis. J. Parkinsons Dis. 11, 1141-1155. doi: 10.3233/
jpd-202476

Beitz, ]. M. (2014). Parkinson's disease: a review. Front. Biosci. 6, 65-74. doi: 10.2741/
s415

Belarbi, K., Cuvelier, E., Bonte, M. A., Desplanque, M., Gressier, B., Devos, D., et al.
(2020). Glycosphingolipids and neuroinflammation in Parkinson's disease. Mol.
Neurodegener. 15:59. doi: 10.1186/s13024-020-00408-1

Burgess, S., Small, D. S., and Thompson, S. G. (2017). A review of instrumental
variable estimators for Mendelian randomization. Stat. Methods Med. Res. 26,
2333-2355. doi: 10.1177/0962280215597579

Burgess, S., and Thompson, S. G. (2017). Interpreting findings from Mendelian
randomization using the MR-Egger method. Eur. J. Epidemiol. 32, 377-389. doi:
10.1007/s10654-017-0255-x

Castellanos, D. B., Martin-Jiménez, C. A., Rojas-Rodriguez, E, Barreto, G. E., and
Gonzalez, J. (2021). Brain lipidomics as a rising field in neurodegenerative contexts:

Frontiers in Aging Neuroscience

10.3389/fnagi.2024.1424056

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study was
supported by the Jilin Science and Technology Department Project
(20240305084YY and YDZJ202402026CXJD).

Acknowledgments

The authors would like to express their gratitude to the
investigators involved in this study for sharing the GWAS
summary statistics.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnagi.2024.1424056/
full#supplementary-material

perspectives with machine learning approaches. Front. Neuroendocrinol. 61:100899. doi:
10.1016/j.yfrne.2021.100899

Chang, K. H., Cheng, M. L., Tang, H. Y., Huang, C. Y., Wy, H. C,, and Chen, C. M.
(2022). Alterations of sphingolipid and phospholipid pathways and ornithine level in
the plasma as biomarkers of Parkinson's disease. Cells 11:395. doi: 10.3390/
cells11030395

Cockeroft, S. (2021). Mammalian lipids: structure, synthesis and function. Essays
Biochem. 65, 813-845. doi: 10.1042/ebc20200067

Duan, Y., Gong, K., Xu, S., Zhang, F,, Meng, X., and Han, J. (2022). Regulation of
cholesterol homeostasis in health and diseases: from mechanisms to targeted
therapeutics. Signal Transduct. Target. Ther. 7:265. doi: 10.1038/s41392-022-01125-5

Farmer, K., Smith, C. A., Hayley, S., and Smith, J. (2015). Major alterations of
phosphatidylcholine and Lysophosphotidylcholine lipids in the substantia Nigra using
an early stage model of Parkinson's disease. Int. J. Mol. Sci. 16, 18865-18877. doi:
10.3390/ijms160818865

Foo, J. N,, Liany, H., Bei, J. X., Yu, X. Q,, Liu, ], Au, W. L,, et al. (2013). Rare lysosomal

enzyme gene SMPD1 variant (p.R591C) associates with Parkinson's disease. Neurobiol.
Aging 34:2890.e13-5. doi: 10.1016/j.neurobiolaging.2013.06.010

Fu, X., Wang, Y., He, X,, Li, H., Liu, H., and Zhang, X. (2020). A systematic review and
meta-analysis of serum cholesterol and triglyceride levels in patients with Parkinson's
disease. Lipids Health Dis. 19:97. doi: 10.1186/s12944-020-01284-w

Galper, J., Dean, N. ], Pickford, R., Lewis, S. J. G., Halliday, G. M., Kim, W. S., et al.
(2022). Lipid pathway dysfunction is prevalent in patients with Parkinson's disease.
Brain 145, 3472-3487. doi: 10.1093/brain/awac176

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1424056
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://gwas.mrcieu.ac.uk/
https://gwas.mrcieu.ac.uk/
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1424056/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnagi.2024.1424056/full#supplementary-material
https://doi.org/10.1002/mds.25729
https://doi.org/10.3390/cells11152297
https://doi.org/10.3233/jpd-202476
https://doi.org/10.3233/jpd-202476
https://doi.org/10.2741/s415
https://doi.org/10.2741/s415
https://doi.org/10.1186/s13024-020-00408-1
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1007/s10654-017-0255-x
https://doi.org/10.1016/j.yfrne.2021.100899
https://doi.org/10.3390/cells11030395
https://doi.org/10.3390/cells11030395
https://doi.org/10.1042/ebc20200067
https://doi.org/10.1038/s41392-022-01125-5
https://doi.org/10.3390/ijms160818865
https://doi.org/10.1016/j.neurobiolaging.2013.06.010
https://doi.org/10.1186/s12944-020-01284-w
https://doi.org/10.1093/brain/awac176

Qin et al.

Gaspar, R., Pallbo, J., Weininger, U,, Linse, S., and Sparr, E. (2018). Ganglioside lipids
accelerate a-synuclein amyloid formation. Biochim. Biophys. Acta Proteins Proteom.
1866, 1062-1072. doi: 10.1016/j.bbapap.2018.07.004

Gautam, A. S., Pulivarthi, C. B., and Singh, R. K. (2023). Proinflammatory IL-17 levels
in serum/cerebrospinal fluid of patients with neurodegenerative diseases: a meta-
analysis study. Naunyn Schmiedeberg's Arch. Pharmacol. 396, 577-588. doi: 10.1007/
500210-022-02357-6

Gongalves, I, Edsfeldt, A., Ko, N. Y., Grufman, H., Berg, K., Bjérkbacka, H., et al.
(2012). Evidence supporting a key role of Lp-PLA2-generated lysophosphatidylcholine
in human atherosclerotic plaque inflammation. Arterioscler. Thromb. Vasc. Biol. 32,
1505-1512. doi: 10.1161/atvbaha.112.249854

Guo, X,, Song, W,, Chen, K., Chen, X., Zheng, Z., Cao, B., et al. (2015). The serum lipid
profile of Parkinson's disease patients: a study from China. Int. J. Neurosci. 125, 838-844.
doi: 10.3109/00207454.2014.979288

Gusev, E. I, Katunina, E. A., Martinov, M. Y., Blokhin, V. E., Kalinkin, A. L.,
Alesenko, A. V,, et al. (2020). Development of early diagnosis of Parkinson's disease
based on the search for biomarkers such as premotor symptoms and changes in blood.
Zh. Nevrol. Psikhiatr. Im. S S Korsakova 120, 7-17. doi: 10.17116/jnevro20201201217

Hatton, S. L., and Pandey, M. K. (2022). Fat and protein combat triggers immunological
weapons of innate and adaptive immune systems to launch neuroinflammation in
Parkinson's disease. Int. J. Mol. Sci. 23:1089. doi: 10.3390/ijms23031089

Hirabayashi, T., Kawaguchi, M., Harada, S., Mouri, M., Takamiya, R., Miki, Y., et al.
(2023). Hepatic phosphatidylcholine catabolism driven by PNPLA7 and PNPLA8
supplies endogenous choline to replenish the methionine cycle with methyl groups. Cell
Rep. 42:111940. doi: 10.1016/j.celrep.2022.111940

Hong, X., Guo, W,, and Li, S. (2022). Lower blood lipid level is associated with the
occurrence of Parkinson's disease: a meta-analysis and systematic review. Int. J. Clin.
Pract. 2022:9773038. doi: 10.1155/2022/9773038

Hu, L., Dong, M. X,, Huang, Y. L,, Lu, C. Q,, Qian, Q,, Zhang, C. C, et al. (2020).
Integrated metabolomics and proteomics analysis reveals plasma lipid metabolic
disturbance in patients with Parkinson's disease. Front. Mol. Neurosci. 13:80. doi:
10.3389/fnmol.2020.00080

Jiang, Z., Xu, X., Gu, X,, Ou, R,, Luo, X,, Shang, H., et al. (2020). Effects of higher
serum lipid levels on the risk of Parkinson's disease: a systematic review and Meta-
analysis. Front. Neurol. 11:597. doi: 10.3389/fneur.2020.00597

Jo, E., McLaurin, J., Yip, C. M., St George-Hyslop, P,, and Fraser, P. E. (2000). Alpha-
Synuclein membrane interactions and lipid specificity. J. Biol. Chem. 275, 34328-34334.
doi: 10.1074/jbc.M004345200

Klemann, C., Martens, G. J. M., Sharma, M., Martens, M. B., Isacson, O., Gasser, T.,
etal. (2017). Integrated molecular landscape of Parkinson's disease. NPJ Parkinsons Dis
3:14. doi: 10.1038/s41531-017-0015-3

Lagace, T. A. (2015). Phosphatidylcholine: greasing the cholesterol transport
machinery. Lipid Insights 8, 65-73. doi: 10.4137/1pi.S31746

Leuti, A., Fazio, D., Fava, M., Piccoli, A., Oddi, S., and Maccarrone, M. (2020).
Bioactive lipids, inflammation and chronic diseases. Adv. Drug Deliv. Rev. 159, 133-169.
doi: 10.1016/j.addr.2020.06.028

Lopez de Frutos, L., Almeida, E, Murillo-Saich, J., Conceigdo, V. A., Guma, M.,
Queheberger, O,, et al. (2022). Serum phospholipid profile changes in Gaucher disease
and Parkinson's disease. Int. J. Mol. Sci. 23:10387. doi: 10.3390/ijms231810387

Lu, Y,, Jin, X., and Zhao, P. (2021). Serum lipids and the pathogenesis of Parkinson's
disease: a systematic review and meta-analysis. Int. J. Clin. Pract. 75:€13865. doi:
10.1111/ijcp.13865

Luo, C., Wang, K., Liu, D. Q,, Li, Y., and Zhao, Q. S. (2008). The functional roles of
lipid rafts in T cell activation, immune diseases and HIV infection and prevention. Cell.
Mol. Immunol. 5, 1-7. doi: 10.1038/cmi.2008.1

Mao, C. Y, Yang, J., Wang, H., Zhang, S. Y,, Yang, Z. H,, Luo, H. Y,, et al. (2017).
SMPD1 variants in Chinese Han patients with sporadic Parkinson's disease.
Parkinsonism Relat. Disord. 34, 59-61. doi: 10.1016/j.parkreldis.2016.10.014

Minchev, D., Kazakova, M., and Sarafian, V. (2022). Neuroinflammation and
autophagy in Parkinson's disease-novel perspectives. Int. J. Mol. Sci. 23:14997. doi:
10.3390/ijms232314997

Morris, H. R, Spillantini, M. G., Sue, C. M., and Williams-Gray, C. H. (2024). The
pathogenesis of Parkinson's disease. Lancet 403, 293-304. doi: 10.1016/s0140-6736(23)01478-2

Frontiers in Aging Neuroscience

09

10.3389/fnagi.2024.1424056

Nalls, M. A., Blauwendraat, C., Vallerga, C. L., Heilbron, K., Bandres-Ciga, S.,
Chang, D,, et al. (2019). Identification of novel risk loci, causal insights, and heritable
risk for Parkinson's disease: a meta-analysis of genome-wide association studies. Lancet
Neurol. 18, 1091-1102. doi: 10.1016/s1474-4422(19)30320-5

Ottensmann, L., Tabassum, R., Ruotsalainen, S. E., Gerl, M. ], Klose, C., Widén, E.,
etal. (2023). Genome-wide association analysis of plasma lipidome identifies 495 genetic
associations. Nat. Commun. 14:6934. doi: 10.1038/s41467-023-42532-8

Quinville, B. M., Deschenes, N. M., Ryckman, A. E,, and Walia, J. S. (2021). A
comprehensive review: sphingolipid metabolism and implications of disruption in
sphingolipid homeostasis. Int. J. Mol. Sci. 22:5793. doi: 10.3390/ijms22115793

Schuchman, E. H., Levran, O., Pereira, L. V, and Desnick, R. J. (1992). Structural
organization and complete nucleotide sequence of the gene encoding human acid
sphingomyelinase (SMPD1). Genomics 12, 197-205. doi: 10.1016/0888-7543(92)90366-z

Signorelli, P, Conte, C., and Albi, E. (2021). The multiple roles of sphingomyelin in
Parkinson's disease. Biomol. Ther. 11:1311. doi: 10.3390/biom11091311

Skrivankova, V. W,, Richmond, R. C., Woolf, B. A. R., Yarmolinsky, J., Davies, N. M.,
Swanson, S. A, et al. (2021). Strengthening the reporting of observational studies in
epidemiology using Mendelian randomization: the STROBE-MR statement. JAMA 326,
1614-1621. doi: 10.1001/jama.2021.18236

Tansey, M. G., Wallings, R. L., Houser, M. C., Herrick, M. K., Keating, C. E., and
Joers, V. (2022). Inflammation and immune dysfunction in Parkinson disease. Nat. Rev.
Immunol. 22, 657-673. doi: 10.1038/s41577-022-00684-6

Tolosa, E., Garrido, A., Scholz, S. W., and Poewe, W. (2021). Challenges in the diagnosis of
Parkinson's disease. Lancet Neurol. 20, 385-397. doi: 10.1016/s1474-4422(21)00030-2

Treede, L, Braun, A., Sparla, R., Kithnel, M., Giese, T., Turner, J. R., et al. (2007). Anti-
inflammatory effects of phosphatidylcholine. J. Biol. Chem. 282, 27155-27164. doi:
10.1074/jbc.M704408200

Ventura, A. E., Mestre, B., and Silva, L. C. (2019). Ceramide domains in health and
disease: a biophysical perspective. Adv. Exp. Med. Biol. 1159, 79-108. doi:
10.1007/978-3-030-21162-2_6

Verbanck, M., Chen, C. Y., Neale, B., and Do, R. (2018). Detection of widespread
horizontal pleiotropy in causal relationships inferred from Mendelian randomization
between complex traits and diseases. Nat. Genet. 50, 693-698. doi: 10.1038/
$41588-018-0099-7

Wang, S., Yuan, Y. H., Chen, N. H,, and Wang, H. B. (2019). The mechanisms of
NLRP3 inflammasome/pyroptosis activation and their role in Parkinson's disease. Int.
Immunopharmacol. 67, 458-464. doi: 10.1016/j.intimp.2018.12.019

Xicoy, H., Brouwers, J. E, Kalnytska, O., Wieringa, B., and Martens, G. ]. M. (2020a).
Lipid analysis of the 6-Hydroxydopamine-treated SH-SY5Y cell model for Parkinson's
disease. Mol. Neurobiol. 57, 848-859. doi: 10.1007/s12035-019-01733-3

Xicoy, H., Brouwers, J. E, Wieringa, B., and Martens, G. J. M. (2020b). Explorative
combined lipid and transcriptomic profiling of substantia Nigra and putamen in
Parkinson's disease. Cells 9:1966. doi: 10.3390/cells9091966

Xicoy, H., Klemann, C. J., De Witte, W., Martens, M. B., Martens, G. J., and
Poelmans, G. (2021). Shared genetic etiology between Parkinson's disease and blood
levels of specific lipids. NPJ Parkinsons Dis 7:23. doi: 10.1038/s41531-021-00168-9

Xicoy, H., Wieringa, B., and Martens, G. J. M. (2019). The role of lipids in Parkinson's
disease. Cells 8:27. doi: 10.3390/cells8010027

Yang, C., Wang, W,, Deng, P, Li, C., Zhao, L., and Gao, H. (2021). Fibroblast growth
factor 21 modulates microglial polarization that attenuates neurodegeneration in mice
and cellular models of Parkinson's disease. Front. Aging Neurosci. 13:778527. doi:
10.3389/fnagi.2021.778527

Yang, C., Wang, W,, Deng, P, Wang, X., Zhu, L., Zhao, L., et al. (2023). Fibroblast
growth factor 21 ameliorates behavior deficits in Parkinson's disease mouse model via
modulating gut microbiota and metabolic homeostasis. CNS Neurosci. Ther. 29,
3815-3828. doi: 10.1111/cns.14302

Zhang, ., Xiao, Y., Hu, ], Liu, S., Zhou, Z., and Xie, L. (2022). Lipid metabolism in
type 1 diabetes mellitus: Pathogenetic and therapeutic implications. Front. Immunol.
13:999108. doi: 10.3389/fimmu.2022.999108

Zhao, J. H., Stacey, D., Eriksson, N., Macdonald-Dunlop, E., Hedman, A K,
Kalnapenkis, A., et al. (2023). Genetics of circulating inflammatory proteins identifies

drivers of immune-mediated disease risk and therapeutic targets. Nat. Immunol. 24,
1540-1551. doi: 10.1038/s41590-023-01588-w

frontiersin.org


https://doi.org/10.3389/fnagi.2024.1424056
https://www.frontiersin.org/journals/aging-neuroscience
https://www.frontiersin.org
https://doi.org/10.1016/j.bbapap.2018.07.004
https://doi.org/10.1007/s00210-022-02357-6
https://doi.org/10.1007/s00210-022-02357-6
https://doi.org/10.1161/atvbaha.112.249854
https://doi.org/10.3109/00207454.2014.979288
https://doi.org/10.17116/jnevro20201201217
https://doi.org/10.3390/ijms23031089
https://doi.org/10.1016/j.celrep.2022.111940
https://doi.org/10.1155/2022/9773038
https://doi.org/10.3389/fnmol.2020.00080
https://doi.org/10.3389/fneur.2020.00597
https://doi.org/10.1074/jbc.M004345200
https://doi.org/10.1038/s41531-017-0015-3
https://doi.org/10.4137/lpi.S31746
https://doi.org/10.1016/j.addr.2020.06.028
https://doi.org/10.3390/ijms231810387
https://doi.org/10.1111/ijcp.13865
https://doi.org/10.1038/cmi.2008.1
https://doi.org/10.1016/j.parkreldis.2016.10.014
https://doi.org/10.3390/ijms232314997
https://doi.org/10.1016/s0140-6736(23)01478-2
https://doi.org/10.1016/s1474-4422(19)30320-5
https://doi.org/10.1038/s41467-023-42532-8
https://doi.org/10.3390/ijms22115793
https://doi.org/10.1016/0888-7543(92)90366-z
https://doi.org/10.3390/biom11091311
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s41577-022-00684-6
https://doi.org/10.1016/s1474-4422(21)00030-2
https://doi.org/10.1074/jbc.M704408200
https://doi.org/10.1007/978-3-030-21162-2_6
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1016/j.intimp.2018.12.019
https://doi.org/10.1007/s12035-019-01733-3
https://doi.org/10.3390/cells9091966
https://doi.org/10.1038/s41531-021-00168-9
https://doi.org/10.3390/cells8010027
https://doi.org/10.3389/fnagi.2021.778527
https://doi.org/10.1111/cns.14302
https://doi.org/10.3389/fimmu.2022.999108
https://doi.org/10.1038/s41590-023-01588-w

	Plasma lipidome, circulating inflammatory proteins, and Parkinson’s disease: a Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data source
	2.3 Instrumental variables selection
	2.4 MR primary analysis
	2.5 Bi-directional causality analysis
	2.6 Mediation analysis

	3 Results
	3.1 The causal effects of 179 plasma lipidome on PD
	3.2 The causal effects of 91 circulating inflammatory proteins on PD
	3.3 Sensitivity analyses and reverse causal effects of PD on plasma lipidome and circulating inflammatory proteins
	3.4 Mediation analysis

	4 Discussion
	5 Conclusion

	References

