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Keywords:
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Objective: To investigate the causal associations between 41 circulating inflammatory factors and Tic Disorders
(TD) via the Mendelian Randomization (MR) approach.

Methods: Single-Nucleotide Polymorphisms (SNPs) related to 41 circulating inflammatory factors were obtained
from published Genome-Wide Association Studies (GWASs). The outcome event, TD, was sourced from the
FinnGen Biobank database. MR was employed to explore the causal relationship between these inflammatory
factors and TD. Causal inference was performed via Inverse Variance Weighted (IVW), MR-Egger, and Weighted
Median (WM) methods. Heterogeneity was assessed by Cochran’s Q statistic and the leave-one-out method.
Horizontal pleiotropy was examined with MR-Egger regression and MR-PRESSO. SNPs with horizontal pleiotropy
were removed via the PhenoScanner database to ensure result reliability.

Results: MR analysis revealed significant causal associations between three circulating inflammatory factors and
TD. Increased levels of Interleukin-17 (IL-17) and macrophage Migration Inhibitory Factor (MIF) were associated
with an increased risk of TD (OR = 2.329, 95 % CI [1.069-5.078], p = 0.033; OR = 2.267, 95 % CI
[1.097-4.686], p = 0.027), whereas increased levels of Platelet-Derived Growth Factor BB (PDGF-BB) were
linked to a reduced incidence of TD (OR = 0.750, 95 % CI [0.387-1.453], p = 0.023). No causal relationships
were found for other inflammatory factors. No heterogeneity or horizontal pleiotropy was detected during the
study, and the MR statistical power (power > 80 %) confirmed the reliability of these three findings.
Conclusion: MR analysis revealed causal links between IL-17, MIF, PDGF-BB and TD, suggesting important
clinical implications for the development of targeted prevention and treatment strategies for TD.
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Introduction children with TD progress, and up to 20 % continue to experience tic

symptoms into adulthood or throughout their lives.>* In 5 % to 10 % of

Tic Disorders (TDs) (International Classification of Diseases [ICD]-11
disease code 8A05.0) are neurodevelopmental disorders characterized
by involuntary, repetitive, sudden, rapid, and nonrhythmic motor and/
or vocal tics that typically onset in childhood.! According to the Diag-
nostic and Statistical Manual of Mental Disorders (DSM-5) and the 11th
Revision of the International Classification of Diseases (ICD-11), TD can
be classified as mild, moderate, or severe. There are three main types of
TD: transient TD, chronic TD, and Tourette syndrome (TS).> TD is a
lifelong condition, and currently, clinical treatment for mild TD consists
mainly of medical education and psychological support, with a lack of
effective drug intervention. Without intervention, nearly 50 % of

* Corresponding author.
E-mail address: cai1l8718234370@163.com (A. Cai).

https://doi.org/10.1016/j.clinsp.2025.100649

cases, tics in TD children not only worsen in adulthood but also develop
severe TD. The clinical manifestations of TD are diverse, often accom-
panied by various comorbidities, and the etiology is complex, with un-
clear pathogenic mechanisms.” Currently, the drugs used to treat TD are
mainly psychotropic medications.® Although they may temporarily
alleviate symptoms, long-term clinical findings suggest that their effi-
cacy is poor, especially with dopamine receptor blockers, which may
lead to extrapyramidal reactions, excessive sedation, and adverse effects
on memory and cognition.” Overall, the current diagnostic and treat-
ment options for TD are insufficient to meet global medical needs.
Therefore, research on potential strategies for the prevention and

Received 28 September 2024; Received in revised form 27 March 2025; Accepted 1 April 2025

Available online 10 July 2025
1807-5932/© 2025 HCFMUSP. Published by Elsevier
(http://creativecommons.org/licenses/by/4.0/).

Espaiia,

S.L.U. This is an open

access article under the CC BY license


https://orcid.org/0000-0003-1309-1549
https://orcid.org/0000-0003-1309-1549
https://orcid.org/0009-0002-8677-8552
https://orcid.org/0009-0002-8677-8552
https://orcid.org/0009-0008-5453-5103
https://orcid.org/0009-0008-5453-5103
https://orcid.org/0009-0007-8853-3088
https://orcid.org/0009-0007-8853-3088
https://orcid.org/0009-0004-7752-8919
https://orcid.org/0009-0004-7752-8919
https://orcid.org/0009-0001-1543-2653
https://orcid.org/0009-0001-1543-2653
https://orcid.org/0009-0005-2903-6829
https://orcid.org/0009-0005-2903-6829
https://orcid.org/0000-0002-2978-5476
https://orcid.org/0000-0002-2978-5476
mailto:cai18718234370@163.com
www.sciencedirect.com/science/journal/18075932
https://www.elsevier.com/locate/clinsp
https://doi.org/10.1016/j.clinsp.2025.100649
https://doi.org/10.1016/j.clinsp.2025.100649
http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinsp.2025.100649&domain=pdf
http://creativecommons.org/licenses/by/4.0/

C. Lai et al.

management of TD is necessary.

Chronic inflammation is a key contributor to the development of
common diseases, including cardiovascular disorders, cancers, and
neurofunctional impairments. A Genome-Wide Association Study
(GWAS) revealed downregulated expression of neuronal genes in sub-
jects, coupled with upregulated expression of genes related to microglial
function, suggesting that inflammation may be a significant environ-
mental factor in the pathophysiology of neurodevelopmental disorders.®
Compared with 15 % of brain cells, microglia play pivotal roles in
synaptic pruning, neuronal differentiation, and neural circuit formation.
Research indicates that persistent chronic exposure to inflammatory
factors can disrupt microglial function. Furthermore, in studies focused
on neurodevelopmental disorder-related conditions, the activation of
microglia has been closely linked to dysregulation of the release of
immune-inflammatory cytokines such as IL-6, IL-8, and IL-10.° Pro-
spective research involving 200 children with Tic Disorders (TDs) or
Obsessive-Compulsive Disorder (OCD) demonstrated that maternal
autoimmune diseases and inflammatory states were more common in
children who developed TD/OCD than in control individuals.'” While
associations between inflammatory factors and TD have been investi-
gated, most studies involve clinical observations that are subject to
considerable confounding factors. Consequently, the causal relationship
between cellular inflammatory cytokines and TD remains elusive.

With the increasing use of large-scale GWAS, Mendelian Randomi-
zation (MR) has been used for causal inference of different pheno-
types.'! MR is a human genetic tool that uses the random allocation of
gene variants during gamete formation and conception to make causal
inferences.'? In MR, Single-Nucleotide Polymorphisms (SNPs) associ-
ated with the exposure event can be used as Instrumental Variables
(IVs). Because IVs are unrelated to other confounding factors, MR can
assess the causal relationship between previously observed exposure and
outcome events while effectively avoiding confounding bias in tradi-
tional epidemiological studies.'®> In this context, this study uses
two-sample MR to assess the causal relationship between 41 inflam-
matory factors in circulating blood and TD to gain a deeper under-
standing of the impact of inflammatory factors on TD and explore new
approaches for the prevention and treatment of TD.

Materials and methods
Design

A two-sample Mendelian randomization study was conducted to
infer causality, with 41 inflammatory factors in circulating blood as the

exposure and TD as the outcome. The three main assumptions of MR are
shown in Fig. 1. Assumption 1: the selected SNP is significantly
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Fig. 1. Schematic representation of Mendel’s randomization hypothesis.
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associated with the exposure (41 inflammatory factors in circulating
blood); Assumption 2: the SNP must be unrelated to potential con-
founders between the exposure and outcome; Assumption 3: the SNP is
not directly related to the outcome TD and can only be causally asso-
ciated through the 41 inflammatory factors in circulating blood.

Exposure factors and outcome events GWAS data acquisition

The data used in this study are all from publicly available whole-
genome association studies. Genetic analysis data for 41 inflammatory
factors in circulating blood were obtained from the IEUOpenGWAS
database (https://gwas.mrcieu.ac.uk/). The GWAS data for the outcome
event TD were sourced from the FinnGenBiobank database (https:
//www.finngen.fi/en), published in 2021, with a total of 215,763 Eu-
ropean ancestry samples, including 161 cases and 215,763 controls. For
detailed information on the other data, please refer to Table 1.

Methods
Instrumental variables

In accordance with the STROBE-MR study guidelines,'® the
following steps were taken to screen each SNP of the inflammatory
factors: 1) Use a genome-wide significance threshold of p < 5x1078, and
if there were fewer significant SNPs under this standard, a threshold of p
<5x10 % was used; 2) Conduct Linkage Disequilibrium (LD) testing via
the clump function, with a standard set at < 0.001, kb = 10,000; 3)
Exclude SNPs related to the outcome via the PhenoScanner database (htt
p://www.phenoscanner.medschl.cam.ac.uk/) to remove confounding
factors; and 4) Calculate the F statistic for each SNP and exclude SNPs
with F < 10 to avoid bias from weak instrumental variables. Addition-
ally, the proportion of exposure explained by the instrumental variables
(R2) was calculated to quantify the strength of the genetic instruments,
with the following formula: R2 = [2 x Beta2 x (1 — EAF) x EAF]/[2 x
Beta2 x (1 — EAF) x EAF + 2 x SE2 x N x (1 — EAF) x EAF], where
Beta represents the genetic effect of each SNP, EAF is the effect allele
frequency, SE is the standard error, and N is the sample size. To assess
the strength of the selected SNPs, the F statistic for each SNP was
calculated via the following formula: F = R2(N — k — 1)/k(1 — R2),
where R2 represents the extent to which the selected SNP explains
exposure, N represents the sample size, and k represents the number of
instrumental variables included. Weak instrumental variables with F
statistics less than 10 were removed. The remaining independent
instrumental variables were used for subsequent MR analysis. 5)
MR-PRESSO testing was conducted to detect outliers and adjust for
horizontal pleiotropy. If horizontal pleiotropy was detected in the
instrumental variables, outliers were removed.

Two-sample Mendelian randomization analysis

Causal evaluations were conducted for each type of cell inflamma-
tory factor associated with TD. The potential causal effects were assessed
via the Inverse Variance-Weighted method (IVW), Weighted Median
method (WM), and MR-Egger method and are presented as Odds Ratios
(ORs) and 95 % Confidence Intervals (95 % ClIs). To correct for multiple
comparisons, a more stringent Bonferroni correction was applied with a
threshold set at less than 0.05/n, where n represents the number of in-
dependent hypotheses. Heterogeneity was assessed via Cochran’s Q test
and leave-one-out method, with a nonsignificant Cochran’s Q value (p >
0.05) indicating no heterogeneity and a significant value (p < 0.05)
suggesting potential heterogeneity between genes. Horizontal pleiot-
ropy was assessed via the MR-Egger method (with the intercept term)
and the MR-PRESSO global test. The statistical analyses were primarily
conducted via the TwoSampleMR package in R software (version 4.3.1).
All reported P values were two-tailed, with p < 0.05 indicating signifi-
cance. If there was no evidence of pleiotropy or heterogeneity, IVW was
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Table 1
Data source information in Mendel’s randomization study.
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Exposure/Conclusion Data Source ID The scope of ethnicity Sample size SNPs Publication year
TD FinnGen Biobank finn-b-F5_TIC European 215,763 16,380,457 2021
CCL27 Ieu open GWAS ebi-a-GCST004420 European 3631 9568,408 2016
B-NGF Ieu open GWAS ebi-a-GCST004421 European 3531 9537,863 2016
VEGF Ieu open GWAS ebi-a-GCST004422 European 7118 9784,803 2016
MIF Ieu open GWAS ebi-a-GCST004423 European 3494 9537,573 2016
TRAIL Ieu open GWAS ebi-a-GCST004424 European 8186 9698,525 2016
TNF-p Ieu open GWAS ebi-a-GCST004425 European 1559 6304,298 2016
TNF-a Ieu open GWAS ebi-a-GCST004426 European 3454 9500,449 2016
CXCL12 Ieu open GWAS ebi-a-GCST004427 European 5998 9736,366 2016
SCGF-B Ieu open GWAS ebi-a-GCST004428 European 3682 9574,890 2016
SCF Ieu open GWAS ebi-a-GCST004429 European 8290 9796,683 2016
IL-16 Ieu open GWAS ebi-a-GCST004430 European 3483 9551,485 2016
RANTES Ieu open GWAS ebi-a-GCST004431 European 3421 9523,827 2016
PDGF-BB Ieu open GWAS ebi-a-GCST004432 European 8293 9800,009 2016
MIP-18 Ieu open GWAS ebi-a-GCST004433 European 8243 9802,973 2016
MIP-1a Ieu open GWAS ebi-a-GCST004434 European 3522 9519,267 2016
CXCL9 Ieu open GWAS ebi-a-GCST004435 European 3685 9579,894 2016
M-CSF Ieu open GWAS ebi-a-GCST004436 European 840 9184,521 2016
MCP-3 Ieu open GWAS ebi-a-GCST004437 European 843 7630,881 2016
MCP-1 Ieu open GWAS ebi-a-GCST004438 European 8293 9801,908 2016
IL-12p70 Ieu open GWAS ebi-a-GCST004439 European 8270 9799,886 2016
1P10 Ieu open GWAS ebi-a-GCST004440 European 3685 9576,881 2016
IL-18 Ieu open GWAS ebi-a-GCST004441 European 3636 9785,222 2016
IL-17 Ieu open GWAS ebi-a-GCST004442 European 7760 9786,653 2016
IL-13 Ieu open GWAS ebi-a-GCST004443 European 3557 9539,073 2016
IL-10 Ieu open GWAS ebi-a-GCST004444 European 7681 9793,415 2016
IL-8 Ieu open GWAS ebi-a-GCST004445 European 3526 9517,348 2016
IL-6 Ieu open GWAS ebi-a-GCST004446 European 8189 9790,590 2016
IL-RA Ieu open GWAS ebi-a-GCST004447 European 3638 9564,741 2016
IL-1p Ieu open GWAS ebi-a-GCST004448 European 3309 9983,642 2016
HGF Ieu open GWAS ebi-a-GCST004449 European 8292 9802,538 2016
IL-9 Ieu open GWAS ebi-a-GCST004450 European 3634 9567,876 2016
IL-7 Ieu open GWAS ebi-a-GCST004451 European 3409 9692,306 2016
IL-5 Ieu open GWAS ebi-a-GCST004452 European 3364 9450,731 2016
IL-4 Ieu open GWAS ebi-a-GCST004453 European 8124 9786,064 2016
IL-2RA Ieu open GWAS ebi-a-GCST004454 European 3677 9583,519 2016
IL-2 Ieu open GWAS ebi-a-GCST004455 European 3475 9512,914 2016
IFN-y Ieu open GWAS ebi-a-GCST004456 European 7701 9785,363 2016
CXCL1 Ieu open GWAS ebi-a-GCST004457 European 3505 9528,505 2016
CSF3 Ieu open GWAS ebi-a-GCST004458 European 7904 9788,961 2016
bFGF Ieu open GWAS ebi-a-GCST004459 European 7565 9790,946 2016
CCL11 Ieu open GWAS ebi-a-GCST004460 European 8153 9793,404 2016

meaningful, as were the other methods, and the results were stable. The
statistical power of MR (power > 80 %) was calculated via the mRnd
tool on the website (https://shiny.cnsgenomics.com/).

Results
Instrumental variable selection results

SNPs that met the criteria of the three assumptions were selected,
and variables that may affect the outcome were removed via the Phe-
noScanner database. The F values of the remaining instrumental vari-
ables were all greater than 10. When the genome-wide significance
threshold of p < 5x107® was used as the standard, the number of usable
SNPs was too small to analyze the results. Therefore, on the basis of the
STROBE-MR study guidelines and literature review, the P value was set
top < 5x107°. The IVW method was used to estimate the associations
between 41 types of cytokines and TD. The analysis results revealed that

elevated levels of Interleukin-17 (IL-17) and macrophage Migration
Inhibitory Factor (MIF) may be associated with an increased risk of TD
(OR = 2.329, 95 % CI [1.069-5.078], p = 0.033; OR = 2.267, 95 % CI
[1.097-4.686], p = 0.027), whereas elevated levels of Platelet-Derived
Growth Factor BB (PDGF-BB) were associated with a decreased inci-
dence of TD (OR = 0.750, 95 % CI [0.387-1.453], p = 0.023). The
specific results are shown in Table 2.

To avoid excessive bias, a series of sensitivity analyses were con-
ducted to test the reliability of MR analysis and detect potential hori-
zontal pleiotropy. As shown in Table 3, the intercept of MR-Egger
indicates no horizontal pleiotropy for all causal effects (p > 0.05).
Cochran’s Q test and leave-one-out test suggested no significant het-
erogeneity. This indicates the robustness of the MR analysis results (see
Fig. 2). In addition, MR power calculations show strong power (power >
80 %) in detecting significant causal effects. The leave-one-out plot in
Fig. 2 demonstrates the stability of the MR analysis results. The forest
plots in Figs. 3 (A-B) and 4A display the individual and overall effects of

Table 2
MR analysis results of circulating blood cell inflammatory markers and the risk of TD.
Numbers of SNPs MR Egger WM VW
SE p OR (95 % CI) SE P OR (95 % CI) SE P OR (95 % CI)
1L-17 9 0.767 0.147 3.481 (0.778-15.582) 0.535 0.024 2.106 (0.738-6.011) 0.082 0.033 2.329 (1.069-5.078)
MIF 6 0.626 0.652 1.357 (0.397-4.631) 0.462 0.025 2.280 (0.922-5.641) 0.370 0.027 2.267 (1.097-4.686)
PDGF-BB 4 0.897 0.036 0.687 (0.118-3.985) 0.381 0.039 0.644 (0.305-1.360) 0.337 0.023 0.750 (0.387-1.453)
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Table 3
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Multifaceted analysis and heterogeneity examination of cytokine levels in TD patients.

Genetic pleiotropy test

Heterogeneity test

MR Egger MR Egger vw
Egger-intercept SE p Q Q.df Q_pval Q Qdf Q_pval
1L-17 -0.077 0.125 0.558 4.213 7.000 0.755 4.592 8.000 0.800
MIF 0.168 0.166 0.367 4.013 4.000 0.404 5.046 5.000 0.410
PDGF-BB 0.020 0.182 0.922 3.024 2.000 0.220 3.043 3.000 0.385
1s187475560 1578098071 :
151530455 . .
1 13118055855 +
1$78296352 . X
1562191444 - 15113218956 "
178612928 1512594190
117106604 . X
X 13141009259 0
15117556572 = Y
15117029961 = r$13142904 .
1$17282552 9
- x Al 2
1 - - . ; . .
0.0 15 0.0 05 1.0 15
eave o0 out Sensmmy anla:I SLﬁé" d:finn-b-F5_TIC' MR leave-one-out sensitivity analysis for
' || id:ebi-a= GCST004442 on 'Tic disorders ( ) || id:finn-| ' || id:ebi~a-GCST004423" on 'Tic disorders (Fg_TIC) || id:finn-b-F5_TIC'
rs13412535
rs55680718
s2324229
rs4965869
All
. . 1 . .
-1.0 -05 0.0 05 1.0

. MR leave-one-out sensitivil
'Platelet-derived growth factor BB levels || id:ebi-a-GCSTO!

analysis for .
32' on 'Tic disorders (F5_TIC) || id:finn-b-F5_TIC"

Fig. 2. Leave-one-out results for IL-17, MIF, and PDGF-BB. (A) IL-17; (B) MIF; (C) PDGF-BB.

SNPs related to IL-17, MIF, and PDGF-BB on TD. The scatter plots in
Figs. 3 (C-D) and 4B and the forest plot in Fig. 5 indicate that PDGF-BB
may be a protective factor for TD, whereas IL-17 and MIF may be risk
factors for TD (Fig. 4).

Discussion

In this study, the authors used published GWAS data to infer causal
relationships between 41 inflammatory factors in circulating blood and
TD. The analysis results revealed that PDGF-BB can reduce the causal
risk of TD, whereas excessive IL-17 and MIF can increase the risk of TD.
In addition, the process of inferring causal relationships was not influ-
enced by potential confounding factors, as evidenced by Cochran’s Q
and leave-one-out tests during the study, which did not find that any
SNPs significantly affected the results. The MR-Egger method and MR-
PRESSO test did not detect horizontal pleiotropy, and the MR statisti-
cal power values were all greater than 80 %, thereby increasing the
reliability of the results. No causal relationship was found between other
cell inflammatory factors and TD in the present study.

IL-17 plays a pivotal role in immune responses and inflammatory
regulation.'® This proinflammatory cytokine is produced primarily by

Th17 cells, a distinct subset of CD4+ T-cells that have garnered signif-
icant interest because of their involvement in the pathogenesis of
various autoimmune and inflammatory diseases, such as rheumatoid
arthritis, psoriasis, and multiple sclerosis.'>'° IL-17 exerts its biological
effects by binding to its receptor, IL-17R, which is expressed in a variety
of cell types, including fibroblasts, epithelial cells, endothelial cells, and
macrophages.'” Following receptor binding, IL-17 activates multiple
intracellular signaling pathways, particularly the NF-«xB, MAPK, and
PI3K-Akt pathways, leading to the induction of other proinflammatory
cytokines (e.g., IL-6 and TNF-a), chemokines (e.g., CCL20 and CXCL1),
and matrix metalloproteinases (e.g., MMP-1 and MMP-3), collectively
amplifying the inflammatory response.'® Researchers have also shown
interest in the association between IL-17 and neurofunctional disorders.
The present findings suggest that elevated IL-17 levels may increase
susceptibility to Tic Disorders (TDs). Cheng et al. reported significantly
increased concentrations of IL-17 in the plasma of TD patients.'’
Furthermore, Th17 cells and their IL-17 are actively implicated in
various neurological disorders.?’ IL-17 can directly affect brain cell
development and indirectly negatively impact neural development by
disrupting the Blood-Brain Barrier (BBB), causing neurovascular
dysfunction, and through the gut-brain axis.?' Sreenivas et al. reported
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that in studies on neurodevelopmental disorders, the Compensatory
Immune Regulatory System (CIRS) is activated, with increased IL-1
signaling, decreased levels of IL-1 receptor antagonists, and
augmented levels of CCL2 and IL-17.?? Sallam DE et al. highlighted the
involvement of IL-17 in regulating host defense against pathogens at
barrier surfaces, tissue regeneration, and integration of the nervous,
endocrine, and immune systems; in ASD patients, serum IL-17 levels

were significantly greater than those in controls.?* Previous research has
revealed immune dysregulation in TD patients, which may contribute to
neuroinflammation. Microglia, through mediating neuroinflammation,
modulating neuronal function, and participating in immune responses,
might play crucial roles in the pathophysiology of TD.?**® Zhou et al.
demonstrated that IL-17 can induce microglial activation via the
STAT3-iNOS pathway, promoting autoimmune reactions and impairing
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Fig. 5. Risk Forest plot for IL-17, MIF, and PDGF-BB. (A) IL-17; (B) MIF; (C) PDGF-BB.

neuronal function, thereby exacerbating TD symptoms.”® Arenas et al.
reported that in rats with hyperammonaemia and hepatic encephalop-
athy, increased IL-17 levels and membrane expression of IL-17 receptors
in the cerebellum led to increased IL-17 receptor activation in microglia,
triggering STAT3 and NF-kB activation and subsequently increasing
IL-17 and TNFa levels.”” Waisman et al. proposed that targeting the
functional inhibition of the IL-17 cytokine family could have beneficial
effects on pathological conditions in the central nervous system.”® In the
future, IL-17 may serve as a biomarker and therapeutic target for TD,
although further investigation is needed.

MIF is a multifunctional cytokine that plays an important role in the
immune response and inflammation processes. It is secreted by various
cell types, including macrophages, T-cells, and endothelial cells.?’ Its
main function is to activate downstream signaling pathways, such as the
MAPK and NF-kB signaling pathways, by binding to its receptor (e.g.,
CD74), thereby regulating the expression of inflammatory factors and
the migration of immune cells.*’ In the immune response, MIF can
promote the activation and proliferation of T cells and macrophages,
thereby enhancing the body’s immune defense capabilities.®! Addi-
tionally, MIF can also inhibit the anti-inflammatory effects mediated by
glucocorticoids, indicating its important role in maintaining the persis-
tence and intensity of inflammatory responses.®” Studies have shown
that MIF exacerbates tissue damage by promoting the secretion of

chemokines and the expression of adhesion molecules, leading to the
retention of inflammatory cells at the site of lesions.>® Furthermore, MIF
can induce the expression of matrix metalloproteinases, promoting the
degradation of the extracellular matrix and further exacerbating tissue
inflammation and damage.>* MIF not only plays a role in the peripheral
immune system but also participates in regulating neuroinflammation
and neuronal function in the Central Nervous System (CNS).35 In the
CNS, MIF is expressed mainly by neurons, astrocytes, and microglia. Its
expression is significantly upregulated in neuroinflammatory and
neurodegenerative diseases. It can penetrate the blood-brain barrier and
directly affect the immune response of the CNS.?° By binding to its re-
ceptor CD74, MIF activates immune cells and glial cells, enhancing
neuroinflammatory responses.”” You et al. reported that the plasma
levels of MIF in the peripheral blood of TD patients were significantly
greater than those in the control group.®® Although there is relatively
little research on the role of MIF in the development of TD, it is inter-
esting to note that the literature has documented elevated levels of MIF
in the peripheral blood in various CNS diseases, such as depression,
Parkinson’s disease, Alzheimer’s disease, multiple sclerosis, and
stroke.®”*® In4cio et al. reported that MIF is part of the signaling
network involved in brain plasticity and that elevated levels of MIF in
neurons and/or astrocytes can inhibit the recovery of sensory-motor
function after stroke. The downregulation of MIF may constitute a
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new therapeutic approach to promote the development and recovery of
nerve fibers after stroke.** Oikonomidi et al. demonstrated in a clinical
trial that higher levels of MIF in cerebrospinal fluid are associated with
accelerated decline in cognitive ability in MCI and mild dementia.*> A
multilevel study of MIF in severe Depression (MDD) patients revealed
that after three weeks of treatment, patients had significantly lower
levels of MIF, but there was no strong evidence to support the utility of
MIF as a biomarker for the diagnosis or monitoring of MDD.“° Park et al.
reported that genetic depletion of MIF activity can prevent the loss of
dopaminergic neurons and behavioral defects in a mouse model of
Parkinson’s disease, preventing neurodegenerative changes.”” In
conclusion, the present study suggests that elevated MIF levels may in-
crease the risk of TD development. Combined with the results of previ-
ous studies, the findings of this study suggest that MIF may be a
promising therapeutic target for future TD treatment.

PDGF-BB plays crucial roles in the immune response and inflam-
matory processes. PDGF-BB not only has important functions in tissue
repair and regeneration but also plays a critical role in the pathogenesis
of various inflammatory and immune-related diseases.’® PDGF-BB ex-
erts its biological effects through its receptors PDGFR-a and PDGFR-f,
which are expressed mainly in smooth muscle cells, fibroblasts, and
vascular endothelial cells.*’ The binding of PDGF-BB activates multiple
downstream signaling pathways, including the PI3K-Akt, MAPK, and
STAT3 pathways, thereby promoting cell proliferation, migration, and
survival.”® In the immune response, PDGF-BB significantly influences
the function of immune cells. Studies have shown that PDGF-BB can
regulate the polarization of macrophages, promoting their transition
from the proinflammatory M1 phenotype to the anti-inflammatory M2
phenotype, thus assisting in inflammation resolution and tissue repair.>!
During the acute inflammatory response, PDGF-BB accelerates tissue
repair and regeneration by promoting the proliferation and migration of
fibroblasts and smooth muscle cells.”> However, excessive PDGF-BB
signaling may also lead to pathological fibrosis, increasing the risk of
organ dysfunction.”® Recent research advances have revealed multiple
roles of PDGF-BB in the CNS, including neuroprotection, neuro-
regeneration, and regulation of the neuroimmune response.”® In the
central nervous system, PDGF-BB promotes the survival and function of
neurons and glial cells. PDGF-BB exerts neuroprotective effects by
activating downstream signaling pathways through its receptor
PDGFR-p, such as the PI3K-Akt and MAPK pathways.”® The activation of
these pathways helps to resist neuronal apoptosis and damage, partic-
ularly in neurodegenerative diseases such as Alzheimer’s disease and
Parkinson’s disease.”® Furthermore, PDGF-BB promotes neuronal
regeneration and axonal growth, accelerating the process of nerve repair
following injury.”” In the neuroimmune response, PDGF-BB can sup-
press the excessive inflammatory response of activated microglia and
astrocytes, thereby reducing damage from neuroinflammation. In the
pathological process of multiple sclerosis, PDGF-BB slows the progres-
sion of the disease by regulating the integrity of the blood-brain barrier
and promoting myelin regeneration.”® A cohort study by Narasimhalu
et al. indicated that higher levels of PDGF-AB/BB were independently
associated with a lower risk of recurrent vascular events, suggesting that
PDGF-AB/BB may be a potential therapeutic target for stroke.”
Research by Smyth et al. demonstrated that PDGF-BB can promote
pericyte proliferation and prevent apoptosis through ERK signaling and
that supplementation with PDGF-BB signaling can stabilize the brain
vascular system in Alzheimer’s disease.®” PDGF-BB has been shown to
have important neuroregenerative functions in various animal models of
Parkinson’s disease. Chen et al. reported that PDGF-BB can directly
regulate the expression of tyrosine hydroxylase through the downstream
Akt/ERK/CREB signaling pathway, playing a therapeutic role in Par-
kinson’s disease.®’ Although there is relatively little direct research on
PDGF-BB in TD, its protective effects in other neurological diseases are
evident. In conclusion, further cohort studies and clinical intervention
studies are needed to determine whether PDGF-BB can serve as a marker
or therapeutic target for TD on the basis of the impact of PDGF-BB on
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these findings.

The strength of this study lies in the use of MR analysis, based on
large-scale GWAS data, ensuring the robustness of causal inference be-
tween inflammatory factors and TD. The study’s high statistical power
(> 80 %) and the lack of detected heterogeneity further support the
reliability of these findings. Although the present study provides valu-
able insights, it is based on publicly available summary-level data and
does not include individual-level data. Additionally, this analysis is
limited to individuals of European ancestry, which may affect the
generalizability of these results to other populations. Further cohort
studies and clinical trials are needed to validate the findings in diverse
populations.

The present study revealed that elevated levels of IL-17 and MIF in
the circulating blood might serve as risk factors for TD patients, whereas
high concentrations of PDGF-BB could be protective against TD onset.
These findings offer a novel perspective on the relationship between
circulating inflammatory cytokines and TD, thereby contributing to
informed clinical decision-making. In terms of clinical application,
identifying IL-17, MIF, and PDGF-BB as potential biomarkers for TD can
guide the development of targeted prevention and treatment strategies.
Elevated levels of IL-17 and MIF may provide information for risk
assessment, while PDGF-BB may become a therapeutic target to alleviate
TD onset. However, further in-depth research is needed to validate these
results in the future.
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