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Abstract

Background

In the realm of Gut-Brain axis research, existing evidence points to a complex bidirectional
regulatory mechanism between gut microbiota and the brain. However, the question of
whether a causal relationship exists between gut microbiota and specific types of brain
tumors, such as gliomas, remains unresolved. To address this gap, we employed publicly
available Genome-Wide Association Study (GWAS) and MIOBEN databases, conducting
an in-depth analysis using Two-Sample Mendelian Randomization (MR).

Method

We carried out two sets of MR analyses. The preliminary analysis included fewer instrumen-
tal variables due to a high genome-wide statistical significance threshold (5x1078). To
enable a more comprehensive and detailed analysis, we adjusted the significance threshold
to 1x107°. We performed linkage disequilibrium analysis (R? <0.001, clumping distance =
10,000kb) and detailed screening of palindromic SNPs, followed by MR analysis and valida-
tion through sensitivity analysis.

Results

Our findings reveal a causal relationship between gut microbiota and gliomas. Further con-
firmation via Inverse Variance Weighting (IVW) identified eight specific microbial
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communities related to gliomas. Notably, the Peptostreptococcaceae and Olsenella com-
munities appear to have a protective effect, reducing glioma risk.

Conclusion

This study not only confirms the causal link between gut microbiota and gliomas but also
suggests a new avenue for future glioma treatment.

Introduction

Gliomas are the most lethal tumors in the Central Nervous System (CNS), accounting for a
malignancy rate as high as 80% among brain tumors. Despite medical advancements in diag-
nosis and treatmentin central nervous system tumors, gliomas account for 23.3%, and in all
malignant brain tumors, they make up 78.3%. Their five-year mortality rate ranks after pancre-
atic and lung cancers [1].They also have the highest mortality rate in this category [2].The inci-
dence of gliomas is on the rise, becoming a significant global health concern. Adding to this, a
disheartening mere 5.6% [3]. According to the World Health Organization’s classification, gli-
omas vary in grades, each associated with different prognostic outcomes [4]. Grades 3 and 4
are considered high-grade gliomas, with a median survival time ranging from 15 months to 3
years [5].

Current cancer treatments are limited in their effectiveness against gliomas due to the
blood-brain barrier [6, 7].While chemotherapy and radiation therapy can extend survival to
some extent, they often come with severe side effects and a decline in quality of life. Moreover,
the high likelihood of recurrence is due to the tumor’s heterogeneity and invasiveness. Recent
scientific research has unveiled complex bidirectional communication between the brain, gut,
and their microbiomes [8].This opens up a new avenue for potentially influencing glioma
development and treatment efficacy through gut microbiome regulation. The gut microbiome
not only aids in digestion and nutrient absorption but also interacts closely with the immune,
endocrine, and nervous systems [9-11]. Reports indicate valuable new insights into the role of
the Gut-Brain axis in treating cancer and CNS diseases [12-15]. Our hypothesis is grounded
in the impact of the gut microbiome on brain health and disease through various mechanisms
and the mutual regulation of the " Gut-Brain axis " (Fig 1), supported by the latest discoveries
in neuro-oncology and microbiology fields. For instance, changes in the gut microbiota are
linked to alterations in immune factors and inflammation, both of which play crucial roles in
tumor development.

In exploring the complex relationship between the gut microbiome and gliomas, Con-
founding factors encompass not only common variables such as age, gender, and underlying
health conditions but also include lifestyle choices, socioeconomic status differences, psycho-
logical factors, genetic predisposition, and family environment. These factors cannot be over-
looked in the impact they have on the outcomes of randomized controlled trials (RCTs) and
clinical trials [16]. Observational studies and RCTs may not provide unbiased estimates of the
true association between exposure and outcome when there are too many confounding factors
[17]. Therefore, this study employs Mendelian randomization to further investigate any causal
link between gliomas and the gut microbiome, providing robust scientific evidence for future
clinical trials and treatment methods [18, 19]. Using Mendelian Randomization offers a signif-
icant advantage over other observational studies by leveraging genetic variations as instrumen-
tal variables to establish more reliable causal inferences, thus minimizing confounding factors.
The gut microbiome exhibits resilience and resistance to change. Maintaining a beneficial
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Fig 1. The Gut-Brain axis is a complex bidirectional communication system that links the brain and the digestive
system, affecting our emotions and health. This interaction is influenced by a variety of internal and external factors,
including but not limited to gender, genetics, social environment, medication use, dietary habits, and mode of
childbirth.
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microbial community requires a state of equilibrium both within the microbial population and
at the interface between the microbes and the host’s intestinal lining. The resilience of a healthy
microbiome shields us from diseases related to ecological imbalance [20].

Method
Ethics approval and consent to participate

The data used in this study were all from public databases that can be downloaded directly for
research purposes and do not involve the reporting or using of any animal, human, or tissue
data.

1. Data sources

Then gut microbiome is an itegral part of human physiology [21]. The genetic variation data
discussed in this article comes from MiBioGen(https://molgenis26.gcc.rug.nl/downloads/
MiBioGen/MBG.allHits.ple4.txt), the largest global database for gut microbiome whole-
genome meta-analysis [22].This database has collected 16S rRNA gene sequencing and geno-
typing data from 18,340 participants across 24 countries, including Sweden, Finland, and the
United Kingdom [22]. To analyze the composition of the microbiome, MiBioGen target the
variable regions V4, V3-V4, and V1-V2 of the 16S rRNA gene, applying direct taxonomic bin-
ning for classification. We conduct microbial quantitative trait locus (mbQTL) mapping analy-
sis to identify host genetic variations associated with the abundance levels of bacterial taxa
within the gut microbiome. Initially, 15 unknown bacteria were removed from 211 microbial
datasets, resulting in the inclusion of 9 phyla, 16 classes, 20 orders, 32 families, and 119 genera
[23]. Our study’s selection of specific gut microbiota is based on MiBioGen consortium princi-
ples, highlighting the need to identify microbiota that significantly impact host metabolism,
immunity, and disease. We concentrate on microbial species or communities proven to be
prevalent in meta-analyses and linked to disease phenotypes through past GWAS findings.
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The outcome database is sourced from proteins related to the pathogenesis of glioma(Data-
set: prot-a-1217 in open gwas(https://gwas.mrcieu.ac.uk/datasets/prot-a-1217/), with glioma
genetic data obtained from 3,301 individuals of European descent, comprising 10,534,735
SNPs (Fig 2).

2. Instrumental variable

Mendelian randomization is a method that uses genetic variations closely related to exposure
factors as instrumental variables to establish whether there is a causal link between the expo-
sure and a predetermined outcome. To ensure the accuracy and validity of the causal relation-
ship between the gut microbiome and gliomas, single nucleotide polymorphisms (SNPs) must
have a significant association with the exposure, fulfilling the assumption of relevance in Men-
delian randomization. Our study employed two different statistical significance thresholds
(p<1x107> and p<5x10~*) to select instrumental variables related to the gut microbiome. Due
to the limited inclusion at 5x10~%, we ultimately chose 1x10~ as the inclusion criterion. To
ensure the reliability of the selected SNPs and eliminate bias, we performed linkage disequilib-
rium analysis (R* <0.001, clumping distance = 10,000kb) and detailed filtering of palindromic
SNPs. To further validate the strong association between the instrumental variables and the
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Fig 2. This MR study is designed to investigate the association between gut microbiota and glioma. Abbreviation:
GWAS:whole genome association study; MR-PRESSO:Mendelian randomization pleiotropy;MR: Mendelian
randomization; SNP: single nucleotide polymorphism.

https://doi.org/10.1371/journal.pone.0304403.9002
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Fig 3. Two-sample Mendelian randomized study design with genes predicting the effect of gut microbiota on
gliomas. IVS, instrumental variables; SNP, single nucleotide polymorphism.
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exposure, we typically use F-statistics for quantitative assessment (Fig 3). An F-value below 10
indicates a weak association between the instrumental variable and the exposure.

3. Statistical analysis

In this study, we utilized protein data related to the pathogenesis of gliomas as our outcome
data, sourced from the open GWAS database. To explore the causal relationship between the
exposure factors and the outcome data, we employed Mendelian Randomization (MR) analy-
sis. During the MR analysis, we adopted five widely-used methods, including MR Egger,
Weighted Median, Inverse Variance Weighted (IVW), Simple Mode, and Weighted Mode. It’s
important to note that each MR analysis method has its own limitations. For instance, MR
Egger is sensitive to outliers, while Weighted Median and Simple Mode may overlook other
useful information. Ultimately, we chose the IVW method, one of the most commonly used in
meta-analyses. This method integrates the effect size estimates from multiple studies through
weighted averaging and yields unbiased results, assuming no horizontal pleiotropy. Lastly, to
enhance the accuracy of our findings and reduce the false-positive rate, we applied the False
Discovery Rate (FDR) method to adjust the P-values.

To comprehensively assess the stability and reliability of the MR analysis results obtained
through the IVW method, we conducted a series of sensitivity analyses. These sensitivity tests
primarily included in-depth analysis of genetic pleiotropy, detailed examination of heteroge-
neity, and the application of the leave-one-out method. We primarily used R Studio software
(version 4.2) and the MR-presso package to carry out these sensitivity analyses.

4. Sensitivity analysis

In the analysis process, we initially conducted the Cochrane Q test, denoted as mr_heterogene-
ity. A Q_pvalue greater than 0.05 indicated the absence of significant heterogeneity in our
sample, thereby boosting the credibility of our analysis results. Subsequently, in the MR-egger
analysis, the intercept value P of the egger-intercept exceeded 0.05, further confirming the
absence of pleiotropy issues. In other words, our MR analysis results are not influenced by
confounding factors. Additionally, we employed the leave-one-out method, systematically
excluding each Single Nucleotide Polymorphism (SNP) to check for any evident result bias.
This step ensures that our findings are not dominated by one or a few specific SNPs, enhancing
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Fig 4. 196 intestinal flora were visualized by MR analysis of 5 methods and outcome variables, and the red flora
suggested a causal relationship.
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the robustness of the results (Fig 4). Unfortunately, when we attempted to further validate our
conclusions using reverse Mendelian randomization studies, we found a lack of glioma-related
datasets in the database. This limitation restricts our ability to comprehensively validate our
findings, warranting more attention in future research.

Result

After a series of quality control filters, we identified SNPs for inclusion based on a genome-
wide significance threshold of P < 1x10~>. When the inclusion criterion was set at

P < 1x107%, fewer instrumental variables were available for analysis. To achieve a more com-
prehensive and unbiased result, we ultimately adopted P < 1x10™" as the inclusion standard
for this study. To further establish unbiased causal links, we obtained 92 SNPs as instrumental
variables after linkage disequilibrium filtering and excluding SNPs related to outcome-associ-
ated confounding factors. The primary information of the included SNPs encompasses effect
alleles, beta values, p-values, and standard errors (SE), which are used for further causal rela-
tionship analysis (S1 and S2 Files).

In our two-sample MR analysis, we used R language (version 4.2) to perform the analysis,
employing IVW as the primary statistical method for evaluation. We identified eight microbial
communities that may have a potential causal relationship with glioma (Fig 5). Specifically,
four genus Adlercreutzia (OR = 1.25, 95%CI:1.02-1.54, P = 0.034, Q = 0.12), Catenibacterium
(OR =1.26,95%CI:1.04-1.51, P = 0.017, Q = 0.98), Coprobacter (OR = 1.17, 95%CI:1.01-1.36,
P =10.041, Q = 0.29), and Olsenella (OR = 0.86, 95%CI:0.75-0.99, P = 0.048, Q = 0.44)—were
identified. Among these, Coprobacter and Olsenella showed protective effects against glioma,
while Adlercreutzia and Catenibacterium were identified as risk factors. From the 32 families,
only one microbial community, Peptostreptococcaceae (OR = 0.67, 95%CI:0.57-0.86,
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Fig 5. Forest plot of causal relationship between eight flora and glioma.
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P =0.001, Q = 0.34), showed a protective effect against glioma based on the 95% confidence
interval of the OR value. Verrucomicrobia (OR = 1.27, 95%CI:1.01-1.57, P = 0.043, Q = 0.71),
Prevotella7 (OR = 1.16, 95%CI:1.02-1.32, P = 0.029, Q = 0.61), and Euryarchaeota

(OR =1.13,95%CI:1.00-1.30, P = 0.049, Q = 0.66)wer identified as risk factors for glioma.
(OR =1.16,95%CI:1.02-1.32,P = 0.029,Q = 0.61),Euryarchaeota(OR = 1.13, 95%CI:1.00-1.30,
P =0.049, Q = 0.66)The Q-values, calculated using R language version 4.2 (via the mr_hetero-
geneity function in the TwoSampleMR package), indicate the results of heterogeneity tests. A
Q-value greater than 0.05 suggests no heterogeneity and no bias in the results. To ensure the
accuracy of our findings and minimize false positives, we applied FDR correction to the P-val-
ues. While our IVW estimates suggest some gut microbial communities have an implied asso-
ciation with glioma, these associations were no longer significant after FDR correction. After
FDR correction, the absence of positive results might be related to sample size, experimental
design, and potential confounding factors. Correlations with P < 0.05, but not reaching the
FDR-controlled threshold, are considered to be suggestive (53 File).

The F-value is used to validate the correlation between the instrumental variable and the
exposure, calculated using the formula F = R*(n-k-1) / k(1-R?). An F-value greater than 10
indicates a strong correlation between the instrumental variable and the exposure. Since we
previously used IVW as the primary method for assessing the causal effect between gut micro-
biota and glioma, the IVW results can be considered unbiased only when it’s proven that no
pleiotropy exists between the instrumental variables and the outcome. Pleiotropy is detected
using the mr_pleiotropy_test function in R’s TwoSampleMR package (Table 1). Besides
genetic pleiotropy, horizontal pleiotropy is also considered. It is tested using R language
through the MR-presso package. When the MR-PRESSO results$Global Test$PvalueP > 0.05,
it suggests that there is no horizontal pleiotropy between the exposure and outcome variables.
Lastly, to ensure that no individual SNP has a significant impact on the outcome, we employed
a leave-one-out approach, sequentially removing each SNP. Forest plots indicate that the over-
all error lines do not vary significantly, confirming the absence of obvious bias. Additionally,
we plotted scatter graphs to analyze the risk and protective effects of each microbial commu-
nity on glioma (S1 Fig).
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Table 1. Expression of OR and P values in five algorithms for eight flora.

Exposure Outcome Method Noof snp | P-value OR 95%CI
family.Peptostreptococcaceae Glioma pathogenesis-related protein MR Egger 15 0.525 0.858 0.542-1.358
Weighted median 15 0.086 0.775 0.581-1.036
Ivw 15 0.001 0.699 0.569-0.858
Simple mode 15 0.232 0.757 0.489-1.171
Weighted mode 15 0.248 0.794 0.546-1.155
genus.Adlercreutzia Glioma pathogenesis-related protein MR Egger 12 0.058 2.828 1.087-7.357
Weighted median 12 0.324 1.153 0.868-1.531
Ivw 12 0.034 1.251 1.016-1.539
Simple mode 12 0.781 1.078 0.639-1.821
Weighted mode 12 0.824 1.055 0.662-1.681
genus.Catenibacterium Glioma pathogenesis-related protein MR Egger 5 0.833 1.217 0.225-6.568
Weighted median 5 0.144 1.207 0.946-1.541
Ivw 5 0.018 1.253 1.039-1.511
Simple mode 5 0.346 1.177 0.869-1.593
Weighted mode 5 0.385 1.174 0.847-1.627
genus.Coprobacter Glioma pathogenesis-related protein MR Egger 14 0.111 1.468 0.948-2.273
Weighted median 14 0.025 1.269 1.029-1.564
IVvw 14 0.041 1.168 1.005-1.357
Simple mode 14 0.158 1.311 0.919-1.871
Weighted mode 14 0.115 1.285 0.960-1.722
genus.Olsenella Glioma pathogenesis-related protein MR Egger 11 0.801 1.077 0.612-1.897
Weighted median 11 0.553 0.941 0.769-1.154
Ivw 11 0.048 0.862 0.745-0.998
Simple mode 11 0.841 0.969 0.709-1.327
Weighted mode 11 0.831 0.967 0.723-1.293
phylum.Verrucomicrobia Glioma pathogenesis-related protein MR Egger 12 0.722 1.226 0.603-2.089
Weighted median 12 0.129 1.263 0.934-1.707
Ivw 12 0.043 1.258 1.001-1.574
Simple mode 12 0.181 1.439 0.871-2.381
Weighted mode 12 0.179 1.399 0.891-2.197
genus Prevotella7 Glioma pathogenesis-related protein MR Egger 11 0.692 1.178 0.537-2.179
Weighted median 11 0.038 1.211 1.005-1.461
vw 11 0.029 1.159 1.016-1.321
Simple mode 11 0.123 1.329 0.969-1.821
Weighted mode 11 0.121 1.328 0.959-1.842
phylum Euryarchaeota Glioma pathogenesis-related protein MR Egger 12 0.664 0.876 0.491-1.562
Weighted median 12 0.141 1.137 0.958-1.349
Ivw 12 0.049 1.132 1.001-1.304
Simple mode 12 0.397 1.147 0.867-1.521
Weighted mode 12 0.401 1.138 0.871-1.487

https://doi.org/10.1371/journal.pone.0304403.t001

Discussion

The gut microbiota plays a crucial role in human physiology, particularly in regulating and
maintaining the immune system [20, 24].These microbial communities are influenced by vari-
ous factors, including the host’s dietary habits, gastrointestinal health, and antibiotic use, all of
which can disrupt the microbial balance. The activation or suppression of the immune system
and inflammatory responses not only affects the progression of multiple diseases but also alters
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the risk of specific conditions like cancer. In cancer research, an imbalance in gut microbiota
can trigger inflammatory responses, subsequently affecting cellular growth and division path-
ways, making it a key subject for assessing cancer risk [25].

In neuro-oncology, particularly in glioma research, tumor growth and the immune-sup-
pressive characteristics unique to gliomas impact the body’s natural anti-tumor responses. For
instance, glioma cells elevate levels of immune-suppressive factors like PD-L1 and Indoleamine
2,3-dioxygenase (IDO), thereby limiting antigen presentation [26, 27]. Additionally, macro-
phages associated with gliomas secrete IL-10 and Transforming Growth Factor-f (TGF-f), fur-
ther dampening immune cell activity [28, 29]. These elements collectively create an immune-
suppressive tumor microenvironment, neutralizing the host’s natural defense mechanisms
[30]. Regulatory T (Treg) cells in the glioma microenvironment further enhance immune sup-
pression by depleting cytotoxic T lymphocytes, directly compromising tumor cells [31]. Ani-
mal studies have shown that antibiotic-induced changes in gut microbiota can impair NK cell
function, weaken their direct cytotoxic effects on cancer cells, and induce changes in microglial
cell phenotypes [32]. These findings further confirm the pivotal role of the Gut-Brain axis in
regulating bodily responses, suggesting that gut microbiota may promote the formation of a
tumor-tolerant microenvironment, thereby facilitating further tumor development.

Metabolomic analysis of the gut has revealed certain metabolites that may play a significant
role in immune responses [33], Our study, which analyzed 32 different bacterial families, found
a potential protective effect between Peptostreptococcaceae and gliomas. This finding contradicts
previous RCT studies on gut metabolomics, where higher cancer incidence was observed in
populations with a higher prevalence of this bacterial family in their feces. However, no specific
studies have yet explored the relationship between this bacterial family and gliomas, making fur-
ther investigation into their causal relationship clinically significant. Adlercreutzia, a genus of
bacteria, is considered a potential risk factor for gliomas in our study. Although clinical studies
on this bacterial group are limited, animal experiments have shown its effectiveness in regulating
inflammatory responses in the body [34]. While there’s no definitive evidence linking this bacte-
rial group directly to gliomas, it’s reasonable to hypothesize that it may influence the onset and
progression of gliomas through its role in regulating inflammation.

The Prevotella genus in our study activates Toll-like receptor 2 to promote antigen-present-
ing cells to produce Th17-polarizing cytokines, including Interleukin-23 (IL-23) and IL-1.
This bacterial group induces mucosal inflammation, leading to the production of inflamma-
tory mediators that could elevate the risk of systemic diseases and cancer, aligning with our
study’s conclusions [35]. Immune checkpoint blockade (ICB) therapies, which activate the
therapeutic potential of the immune system, have proven effective for certain types of tumors
and cancer patients [36]. In our study, the gut bacteria Olsenella and Coprobacter were nega-
tively correlated with the risk of gliomas. Previous animal studies on these bacterial groups
have shown that they significantly enhance the efficacy of ICB therapies, a finding consistent
with our study. This is achieved by modulating CTLA-4 or PD-1 and their ligand PD-L1 [37,
38]. A discovery that has had a profound impact on the treatment of certain types of cancer.
While these preliminary findings align with the main conclusions of our paper, further clinical
studies are needed to confirm whether these bacterial groups can be used in the treatment of
gliomas. Literature on the Catenibacterium genus suggests a correlation with neurological dis-
eases, giving us reason to speculate that this bacterial group may influence the development of
brain diseases through certain mechanisms. However, due to limited research on Verrucomi-
crobia and Euryarchaeota, this paper will not discuss these bacterial groups.

One significant strength of this study is its use of the largest available sample size to explore
the relationship between gut microbiota and gliomas, effectively eliminating confounding fac-
tors and individual variations from a statistical standpoint. However, the study has several
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limitations. First, due to data constraints, we were unable to perform reverse Mendelian Ran-
domization (MR) tests, preventing us from confirming the bidirectional effects of the Gut-
Brain axis. Second, although MR is a hypothesis-driven method suitable for detecting causal
relationships when some biological evidence exists, most of our results have not undergone
rigorous False Discovery Rate (FDR) correction. Third, the selection of instrumental variables
could be influenced by weak instruments. While we verified the strong correlation of our cho-
sen instruments through F-values, their low sensitivity warrants cautious interpretation. Lastly,
the glioma data used in this study were not categorized in detail, preventing us from conduct-
ing subgroup analyses and, consequently, from delving deeper into the causal relationships
between different types of gliomas and gut microbiota.

Conclusion

In summary, by utilizing publicly available genetic databases, we’ve established a clear causal
relationship between gut microbiota and gliomas. However, to fully understand the complex
interplay between the two, further statistical analyses and clinical validations are needed.

Based on existing scientific evidence, we can reasonably infer the potential pathways through
which these relevant microbial communities may regulate the development and progression of
gliomas. These findings not only offer valuable directions for future clinical research but also
present new perspectives for the formulation and optimization of drug treatment strategies.
Opverall, these preliminary results provide new avenues for research and potential treatments
to address the serious medical issue of gliomas.

Supporting information

S1 Fig.
(PNG)

S1 File. Details about the selected instrumental variables are shown in Additional file 1: S1
Table.
(TXT)

$2 File. R” and F values for the positive microbiota instrumental variables.
(CSV)

S3 File. Assessment of directional level pleiotropy in MR Egger regression by intercept
term associated between gut microbiota and glioma.
(CSV)

S1 Appendix.
(PDF)

$2 Appendix.
(PDF)

S$3 Appendix.
(PDF)

S4 Appendix.
(PDF)

S5 Appendix.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0304403 May 29, 2024 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s009
https://doi.org/10.1371/journal.pone.0304403

PLOS ONE Relationship between gut microbiota and glioma through Mendelian randomization test

S$6 Appendix.
(PDF)

S$7 Appendix.
(PDF)

S8 Appendix.
(PDF)

S9 Appendix.
(PDF)

$10 Appendix.
(PDF)

S$11 Appendix.
(PDF)

$12 Appendix.
(PDF)

S$13 Appendix.
(PDF)

S$14 Appendix.
(PDF)

S15 Appendix.
(PDF)

$16 Appendix.
(PDF)

Acknowledgments

We gratefully acknowledge the authors and participants of all GWASs and MiBioGen from
which we used summary statistics data.

Author Contributions

Conceptualization: Chenzhi Cui, Tianke Yang, Zhuqiang Jia, Xin Han, Shouyu Wang.
Data curation: Tianke Yang, Zhugqiang Jia, Xin Han, Shouyu Wang.

Formal analysis: Tianke Yang, Zhugiang Jia, Xin Han.

Funding acquisition: Shouyu Wang.

Investigation: Tianke Yang, ShengYu Wang, Zhugqiang Jia, Xin Han, Dong Chen.
Methodology: Tianke Yang, ShengYu Wang, Zhugiang Jia, Dong Chen.

Project administration: Tianke Yang, ShengYu Wang, Dong Chen.

Resources: Tianke Yang, ShengYu Wang, Lin Zhao, Xiaohong Sun, Junwei Zong, Shouyu
Wang, Dong Chen.

Software: Tianke Yang, ShengYu Wang, Lin Zhao, Xiaohong Sun, Junwei Zong.
Supervision: Tianke Yang, ShengYu Wang, Lin Zhao, Xiaohong Sun, Junwei Zong.

PLOS ONE | https://doi.org/10.1371/journal.pone.0304403 May 29, 2024 11/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s012
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s013
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s014
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s015
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s016
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s017
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s018
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s019
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0304403.s020
https://doi.org/10.1371/journal.pone.0304403

PLOS ONE

Relationship between gut microbiota and glioma through Mendelian randomization test

Validation: Tianke Yang, Lin Zhao, Junwei Zong.

Visualization: Tianke Yang, Junwei Zong, Shouyu Wang.

Writing - original draft: Tianke Yang.

Writing - review & editing: Chenzhi Cui.

References

1.

10.

11.

12

13.

14.

15.

16.

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al: Global Cancer Statistics
2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.
CA Cancer J Clin 2021, 71(3):209-249.

Stupp R, Hegi ME, Gorlia T, Erridge SC, Perry J, Hong YK, et al: Cilengitide combined with standard
treatment for patients with newly diagnosed glioblastoma with methylated MGMT promoter (CENTRIC
EORTC 26071-22072 study): a multicentre, randomised, open-label, phase 3 trial. Lancet Oncol 2014,
15(10):1100-1108. https://doi.org/10.1016/S1470-2045(14)70379-1 PMID: 25163906

Brown TJ, Brennan MC, Li M, Church EW, Brandmeir NJ, Rakszawski KL, et al: Association of the
Extent of Resection With Survival in Glioblastoma: A Systematic Review and Meta-analysis. JAMA
Oncol2016, 2(11):1460—-1469. https://doi.org/10.1001/jamaoncol.2016.1373 PMID: 27310651

Weller M, Reifenberger G: Beyond the World Health Organization classification of central nervous sys-
tem tumors 2016: what are the new developments for gliomas from a clinician’s perspective? Curr Opin
Neurol 2020, 33(6):701-706. https://doi.org/10.1097/WCO.0000000000000871 PMID: 33177376

Veliz 1, Loo Y, Castillo O, Karachaliou N, Nigro O, Rosell R: Advances and challenges in the molecular
biology and treatment of glioblastoma-is there any hope for the future? Ann Trans/ Med 2015, 3(1):7.
https://doi.org/10.3978/j.issn.2305-5839.2014.10.06 PMID: 25705639

Ballabh P, Braun A, Nedergaard M: The blood-brain barrier: an overview: structure, regulation, and clini-
cal implications. Neurobiol Dis 2004, 16(1):1-13. https://doi.org/10.1016/j.nbd.2003.12.016 PMID:
15207256

Oberoi RK, Parrish KE, Sio TT, Mittapalli RK, EImquist WF, Sarkaria JN: Strategies to improve delivery
of anticancer drugs across the blood-brain barrier to treat glioblastoma. Neuro Oncol 2016, 18(1):27—
36. https://doi.org/10.1093/neuonc/nov164 PMID: 26359209

Dono A, Nickles J, Rodriguez-Armendariz AG, McFarland BC, Ajami NJ, Ballester LY, et al: Glioma and
the gut-brain axis: opportunities and future perspectives. Neurooncol Adv2022, 4(1):vdac054. https://
doi.org/10.1093/noajnl/vdac054 PMID: 35591978

Patrizz A, Dono A, Zorofchian S, Hines G, Takayasu T, Husein N, et al: Glioma and temozolomide
induced alterations in gut microbiome. Sci Rep 2020, 10(1):21002. https://doi.org/10.1038/s41598-
020-77919-w PMID: 33273497

Dono A, Patrizz A, McCormack RM, Putluri N, Ganesh BP, Kaur B, et al: Glioma induced alterations in
fecal short-chain fatty acids and neurotransmitters. CNS Oncol 2020, 9(2):Cns57. https://doi.org/10.
2217/cns-2020-0007 PMID: 32602743

D’Alessandro G, Antonangeli F, Marrocco F, Porzia A, Lauro C, Santoni A, et al: Gut microbiota alter-
ations affect glioma growth and innate immune cells involved in tumor immunosurveillance in mice. Eur
J Immunol 2020, 50(5):705-711. https://doi.org/10.1002/eji.201948354 PMID: 32034922

Spychala MS, Venna VR, Jandzinski M, Doran SJ, Durgan DJ, Ganesh BP, et al: Age-related changes
in the gut microbiota influence systemic inflammation and stroke outcome. Ann Neurol2018, 84(1):23—
36. https://doi.org/10.1002/ana.25250 PMID: 29733457

Blacher E, Bashiardes S, Shapiro H, Rothschild D, Mor U, Dori-Bachash M, et al: Potential roles of gut
microbiome and metabolites in modulating ALS in mice. Nature 2019, 572(7770):474—480. https://doi.
org/10.1038/s41586-019-1443-5 PMID: 31330533

Gopalakrishnan V, Spencer CN, Nezi L, Reuben A, Andrews MC, Karpinets TV, et al: Gut microbiome
modulates response to anti-PD-1 immunotherapy in melanoma patients. Science 2018, 359(6371):97—
103. https://doi.org/10.1126/science.aan4236 PMID: 29097493

Routy B, Le Chatelier E, Derosa L, Duong CPM, Alou MT, Dailléere R, et al: Gut microbiome influences
efficacy of PD-1-based immunotherapy against epithelial tumors. Science 2018, 359(6371):91-97.
https://doi.org/10.1126/science.aan3706 PMID: 29097494

Greenland S: An introduction to instrumental variables for epidemiologists. Int J Epidemiol 2018, 47
(1):358. https://doi.org/10.1093/ije/dyx275 PMID: 29294084

PLOS ONE | https://doi.org/10.1371/journal.pone.0304403 May 29, 2024 12/13


https://doi.org/10.1016/S1470-2045%2814%2970379-1
http://www.ncbi.nlm.nih.gov/pubmed/25163906
https://doi.org/10.1001/jamaoncol.2016.1373
http://www.ncbi.nlm.nih.gov/pubmed/27310651
https://doi.org/10.1097/WCO.0000000000000871
http://www.ncbi.nlm.nih.gov/pubmed/33177376
https://doi.org/10.3978/j.issn.2305-5839.2014.10.06
http://www.ncbi.nlm.nih.gov/pubmed/25705639
https://doi.org/10.1016/j.nbd.2003.12.016
http://www.ncbi.nlm.nih.gov/pubmed/15207256
https://doi.org/10.1093/neuonc/nov164
http://www.ncbi.nlm.nih.gov/pubmed/26359209
https://doi.org/10.1093/noajnl/vdac054
https://doi.org/10.1093/noajnl/vdac054
http://www.ncbi.nlm.nih.gov/pubmed/35591978
https://doi.org/10.1038/s41598-020-77919-w
https://doi.org/10.1038/s41598-020-77919-w
http://www.ncbi.nlm.nih.gov/pubmed/33273497
https://doi.org/10.2217/cns-2020-0007
https://doi.org/10.2217/cns-2020-0007
http://www.ncbi.nlm.nih.gov/pubmed/32602743
https://doi.org/10.1002/eji.201948354
http://www.ncbi.nlm.nih.gov/pubmed/32034922
https://doi.org/10.1002/ana.25250
http://www.ncbi.nlm.nih.gov/pubmed/29733457
https://doi.org/10.1038/s41586-019-1443-5
https://doi.org/10.1038/s41586-019-1443-5
http://www.ncbi.nlm.nih.gov/pubmed/31330533
https://doi.org/10.1126/science.aan4236
http://www.ncbi.nlm.nih.gov/pubmed/29097493
https://doi.org/10.1126/science.aan3706
http://www.ncbi.nlm.nih.gov/pubmed/29097494
https://doi.org/10.1093/ije/dyx275
http://www.ncbi.nlm.nih.gov/pubmed/29294084
https://doi.org/10.1371/journal.pone.0304403

PLOS ONE

Relationship between gut microbiota and glioma through Mendelian randomization test

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Klungel OH, Martens EP, Psaty BM, Grobbee DE, Sullivan SD, Stricker BH, et al: Methods to assess
intended effects of drug treatment in observational studies are reviewed. J Clin Epidemiol 2004, 57
(12):1223—-1231. https://doi.org/10.1016/j.jclinepi.2004.03.011 PMID: 15617947

Thomas DC, Conti DV: Commentary: the concept of 'Mendelian Randomization’. Int J Epidemiol 2004,
33(1):21-25. https://doi.org/10.1093/ije/dyh048 PMID: 15075141

Sekula P, Del Greco MF, Pattaro C, Kéttgen A: Mendelian Randomization as an Approach to Assess
Causality Using Observational Data. J Am Soc Nephrol 2016, 27(11):3253-3265. https://doi.org/10.
1681/ASN.2016010098 PMID: 27486138

Sommer F, Anderson JM, Bharti R, Raes J, Rosenstiel P: The resilience of the intestinal microbiota
influences health and disease. Nat Rev Microbiol 2017, 15(10):630-638. https://doi.org/10.1038/
nrmicro.2017.58 PMID: 28626231

Gilbert JA, Blaser MJ, Caporaso JG, Jansson JK, Lynch SV, Knight R: Current understanding of the
human microbiome. Nat Med 2018, 24(4):392—400. https://doi.org/10.1038/nm.4517 PMID: 29634682

Wang J, Kurilshikov A, Radjabzadeh D, Turpin W, Croitoru K, Bonder MJ, et al: Meta-analysis of human
genome-microbiome association studies: the MiBioGen consortium initiative. Microbiome 2018, 6
(1):101. https://doi.org/10.1186/s40168-018-0479-3 PMID: 29880062

LiuB, Ye D, Yang H, Song J, Sun X, He Z, et al: Assessing the relationship between gut microbiota and
irritable bowel syndrome: a two-sample Mendelian randomization analysis. BMC Gastroenterol 2023,
23(1):150. https://doi.org/10.1186/s12876-023-02791-7 PMID: 37173627

Kamada N, Seo SU, Chen GY, Nufiez G: Role of the gut microbiota in immunity and inflammatory dis-
ease. Nat Rev Immunol 2013, 13(5):321-335. https://doi.org/10.1038/nri3430 PMID: 23618829

Rea D, Coppola G, Palma G, Barbieri A, Luciano A, Del Prete P, et al: Microbiota effects on cancer:
from risks to therapies. Oncotarget2018, 9(25):17915-17927. https://doi.org/10.18632/oncotarget.
24681 PMID: 29707157

Wainwright DA, Balyasnikova IV, Chang AL, Ahmed AU, Moon KS, Auffinger B, et al: IDO expression in
brain tumors increases the recruitment of regulatory T cells and negatively impacts survival. Clin Cancer
Res 2012, 18(22):6110-6121. https://doi.org/10.1158/1078-0432.CCR-12-2130 PMID: 22932670

Bloch O, Crane CA, Kaur R, Safaee M, Rutkowski MJ, Parsa AT: Gliomas promote immunosuppression
through induction of B7-H1 expression in tumor-associated macrophages. Clin Cancer Res 2013, 19
(12):3165-3175. https://doi.org/10.1158/1078-0432.CCR-12-3314 PMID: 23613317

Kaminska B, Kocyk M, Kijewska M: TGF beta signaling and its role in glioma pathogenesis. Adv Exp
Med Biol 2013, 986:171-187. https://doi.org/10.1007/978-94-007-4719-7_9 PMID: 22879069

Wagner S, Czub S, Greif M, Vince GH, Suss N, Kerkau S, et al: Microglial/macrophage expression of
interleukin 10 in human glioblastomas. IntJ Cancer1999, 82(1):12—16. https://doi.org/10.1002/(sici)
1097-0215(19990702)82:1<12::aid-ijc3>3.0.co;2-0 PMID: 10360813

Xie Q, Mittal S, Berens ME: Targeting adaptive glioblastoma: an overview of proliferation and invasion.
Neuro Oncol2014, 16(12):1575-1584. https://doi.org/10.1093/neuonc/noui147 PMID: 25082799

Colombo MP, Piconese S: Regulatory-T-cell inhibition versus depletion: the right choice in cancer immu-
notherapy. Nat Rev Cancer2007, 7(11):880-887. https://doi.org/10.1038/nrc2250 PMID: 17957190

Lion E, Smits EL, Berneman ZN, Van Tendeloo VF: NK cells: key to success of DC-based cancer vac-
cines? Oncologist2012, 17(10):1256—1270. https://doi.org/10.1634/theoncologist.2011-0122 PMID:
22907975

Botticelli A, Vernocchi P, Marini F, Quagliariello A, Cerbelli B, Reddel S, et al: Gut metabolomics profil-
ing of non-small cell lung cancer (NSCLC) patients under immunotherapy treatment. J Trans!/ Med
2020, 18(1):49. https://doi.org/10.1186/s12967-020-02231-0 PMID: 32014010

Wong EO, Brownlie EJE, Ng KM, Kathirgamanathan S, Yu FB, Merrill BD, et al: The CIAMIB: a Large
and Metabolically Diverse Collection of Inflammation-Associated Bacteria from the Murine Gut. mBio
2022, 13(2):e0294921. https://doi.org/10.1128/mbio.02949-21 PMID: 35266814

Larsen JM: The immune response to Prevotella bacteria in chronic inflammatory disease. Immunology
2017, 151(4):363-374. https://doi.org/10.1111/imm.12760 PMID: 28542929

Mager LF, Burkhard R, Pett N, Cooke NCA, Brown K, Ramay H, et al: Microbiome-derived inosine mod-
ulates response to checkpoint inhibitor immunotherapy. Science 2020, 369(6510):1481-1489. https:/
doi.org/10.1126/science.abc3421 PMID: 32792462

Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, Haanen JB, et al: Improved survival with
ipilimumab in patients with metastatic melanoma. N Engl J Med 2010, 363(8):711-723. https://doi.org/
10.1056/NEJMoa 1003466 PMID: 20525992

Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu P, et al: Safety and activity of anti-PD-
L1 antibody in patients with advanced cancer. N Engl J Med 2012, 366(26):2455-2465. https://doi.org/
10.1056/NEJMoa1200694 PMID: 22658128

PLOS ONE | https://doi.org/10.1371/journal.pone.0304403 May 29, 2024 13/13


https://doi.org/10.1016/j.jclinepi.2004.03.011
http://www.ncbi.nlm.nih.gov/pubmed/15617947
https://doi.org/10.1093/ije/dyh048
http://www.ncbi.nlm.nih.gov/pubmed/15075141
https://doi.org/10.1681/ASN.2016010098
https://doi.org/10.1681/ASN.2016010098
http://www.ncbi.nlm.nih.gov/pubmed/27486138
https://doi.org/10.1038/nrmicro.2017.58
https://doi.org/10.1038/nrmicro.2017.58
http://www.ncbi.nlm.nih.gov/pubmed/28626231
https://doi.org/10.1038/nm.4517
http://www.ncbi.nlm.nih.gov/pubmed/29634682
https://doi.org/10.1186/s40168-018-0479-3
http://www.ncbi.nlm.nih.gov/pubmed/29880062
https://doi.org/10.1186/s12876-023-02791-7
http://www.ncbi.nlm.nih.gov/pubmed/37173627
https://doi.org/10.1038/nri3430
http://www.ncbi.nlm.nih.gov/pubmed/23618829
https://doi.org/10.18632/oncotarget.24681
https://doi.org/10.18632/oncotarget.24681
http://www.ncbi.nlm.nih.gov/pubmed/29707157
https://doi.org/10.1158/1078-0432.CCR-12-2130
http://www.ncbi.nlm.nih.gov/pubmed/22932670
https://doi.org/10.1158/1078-0432.CCR-12-3314
http://www.ncbi.nlm.nih.gov/pubmed/23613317
https://doi.org/10.1007/978-94-007-4719-7%5F9
http://www.ncbi.nlm.nih.gov/pubmed/22879069
https://doi.org/10.1002/%28sici%291097-0215%2819990702%2982%3A1%26lt%3B12%3A%3Aaid-ijc3%26gt%3B3.0.co%3B2-o
https://doi.org/10.1002/%28sici%291097-0215%2819990702%2982%3A1%26lt%3B12%3A%3Aaid-ijc3%26gt%3B3.0.co%3B2-o
http://www.ncbi.nlm.nih.gov/pubmed/10360813
https://doi.org/10.1093/neuonc/nou147
http://www.ncbi.nlm.nih.gov/pubmed/25082799
https://doi.org/10.1038/nrc2250
http://www.ncbi.nlm.nih.gov/pubmed/17957190
https://doi.org/10.1634/theoncologist.2011-0122
http://www.ncbi.nlm.nih.gov/pubmed/22907975
https://doi.org/10.1186/s12967-020-02231-0
http://www.ncbi.nlm.nih.gov/pubmed/32014010
https://doi.org/10.1128/mbio.02949-21
http://www.ncbi.nlm.nih.gov/pubmed/35266814
https://doi.org/10.1111/imm.12760
http://www.ncbi.nlm.nih.gov/pubmed/28542929
https://doi.org/10.1126/science.abc3421
https://doi.org/10.1126/science.abc3421
http://www.ncbi.nlm.nih.gov/pubmed/32792462
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMoa1003466
http://www.ncbi.nlm.nih.gov/pubmed/20525992
https://doi.org/10.1056/NEJMoa1200694
https://doi.org/10.1056/NEJMoa1200694
http://www.ncbi.nlm.nih.gov/pubmed/22658128
https://doi.org/10.1371/journal.pone.0304403

