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Background: Lipoma, a benign tumor derived from mesenchymal tissue,
significantly affects patients’ physical and psychological wellbeing. Increasing
evidence points to a strong link between the gut microbiome (GM) and lipoma
incidence. This study utilizes Mendelian Randomization (MR) to assess the
potential causal relationships between the GM and lipoma development.

Methods: We conducted a two-sample MR analysis using genome-wide
association study (GWAS) data from MiBioGen and FinnGen to explore the
causal relationship between GM and lipoma. The GM dataset included
18,340 participants with 14,587 single nucleotide polymorphisms (SNPs), while
the lipoma dataset comprised 412,181 participants with 21,306,349 SNPs. We
employed 5 MR methods: Inverse Variance Weighted (IVW), Weighted Median,
Simple Mode, MR-Egger, and Weighted Mode. Additional assessments included
Cochran’'s Q test for result heterogeneity, PRESSO analysis for horizontal
pleiotropy, and sensitivity analyses through scatter plots, leave-one-out
analyses, funnel plots, and forest plots.

Results: The IVW method identified 18 gene predictors trans-genus associated
with lipoma risk. Protective effects against benign lipoma (BL) were observed in
the Eubacterium rectale group, Desulfovibrio, Ruminococcusl, Clostridium
sensu strictol, and Lachnospiraceae UCGO0O01; conversely, Lachnospiraceae
UCGO008 was linked to increased BL risk. Desulfovibrio provided protection
against TS-BL; however, the Family XIlI AD3011 group, Eubacterium
coprostanoligenes group, Lachnospiraceae NK4A136 group, and Parasutterella
were associated with an increased TS-BL risk. The Clostridium innocuum group,
Eubacterium rectale group, Anaerotruncus, Ruminiclostridium6, and
Lachnospiraceae  UCGO001 offered protection against LS-BL, while
Lachnospiraceae UCGO008 was linked to an increased LS-BL risk. The
Eubacterium brachy group, Odoribacter, Butyricimonas, Subdoligranulum, and
Clostridium sensu strictol were protective against HFNS-BL; Ruminococcaceae
UCGO0O05 was associated with an increased HFNS-BL risk.

Conclusion: Compared to malignant tumors, research on lipomas has been
relatively limited. This study, through MR analysis, provided new evidence of a
causal relationship between specific GM and the development of lipomas. Certain
gut bacterial species may act as protective or harmful factors in lipoma formation,
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offering new avenues for future treatment strategies. However, additional research
is required to unravel the complexity of how GM influences the pathogenesis of

lipomas.
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microenvironments

1 Introduction

Lipoma is a prevalent subcutaneous benign tumor arising from
adipose tissue, typically surrounded by a thin fibrous tissue. Variants
such as Benign Lipoma (BL), and BLs affecting skin and
subcutaneous tissues of the trunk (TS-BL), limbs (LS-BL), and
head, face, and neck (HFNS-BL) are common (Kosztyuova and
Shim, 2017). Lipomas may occur not only superficially but also
within deep soft tissues, especially in the back, upper limbs, and
thighs, where they predominantly exhibit an infiltrative growth
pattern (Inamura et al., 2021; Ameloot et al., 2022). Rare variants
may also appear in muscles, within joints, or bronchi (Seo et al.,
2018; Wang et al., 2019; Nader et al., 2012), manifesting as either
solitary or multiple lesions at any age. Studies suggest that genetic
predisposition and external factors such as ionizing radiation,
chlorophenol, and viruses may contribute to lipoma development
(Palitot DE Melo et al., 2022). Currently, lipomas and their subtypes
constitute over half of all soft tissue tumors, with a prevalence rate of
2.1% (Marteau et al., 2020), and approximately 5% of cases present
as multiple lipomatosis (Charifa et al., 2024). Furthermore,
traditional treatments, including surgical removal and vacuum
aspiration, face challenges due to high recurrence rates and
difficulties in complete removal, underscoring the importance of
understanding their pathological characteristics and exploring
potential treatment options (Pereira and Schonauer, 2001).
Lipoma remains one of the most commonly encountered soft
tissue tumors in clinical practice, yet its precise causes and
underlying mechanisms, particularly its potential associations
with the GM, are not well-understood. Therefore, a deeper
investigation into the pathological mechanisms of lipomas,
especially their relationship with the microbiome, is crucial for
elucidating their etiology and developing new therapeutic
approaches.

Compelling evidence suggests that the GM plays a role in the
regulation of metabolic disorders, psychiatric conditions, and
cancers, including gout (Tong et al., 2022), Alzheimer’s disease
(Varesi et al., 2022), and lymphoma (Ml and Rh, 2014). Recent
in the
gastrointestinal tract and uterus are well-documented. As part of

findings indicate that microbiome-induced tumors
the tumor microenvironment (TME), the GM may influence the
formation and progression of lipomas (Kovéacs et al, 2020).
Dysbiosis of the GM can affect systemic immune functions,
compromise mucosal barriers, and modulate immune responses
that may promote or inhibit tumor development (Cs and Mj, 2011;
Kawai and Akira, 2009). Additionally, moderate gut dysbiosis
observed in lipoma patients can lead to reduced microbial
diversity (Tkachuk et al., 2023).

Given the costs, time constraints, and ethical considerations
associated with clinical trials, Mendelian Randomization (MR) has
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emerged as a robust method (Song et al., 2024). Commonly used to
examine causal relationships between exposures and outcomes, MR
employs single nucleotide polymorphisms (SNPs) derived from
genome-wide association study (GWAS) as instrumental variables
to establish causality. This method has been utilized to explore
potential causal links between the GM and various diseases (Sekula
etal, 2016). Based on existing research, this study hypothesized that
an imbalance in the GM is causally related to the development of
lipomas. By applying MR analysis, we aimed to uncover the potential
role of the GM in lipoma formation, providing new insights into the
pathological mechanisms underlying lipomas.

2 Materials and methods
2.1 Study overview

This research conducted a two-sample MR analysis to explore
the causal relationships between the GM and four types of lipomas.
Comprehensive GWAS data were obtained for both the GM and
lipomas. Each genus level of the GM was considered an independent
exposure factor, with BLs and three other location-specific lipomas
as outcome factors. To ensure the reliability of our findings, this MR
study adhered to three critical assumptions: 1) SNPs, used as
instrumental variables (IVs), are closely associated with the
exposure (GM); 2) SNPs are independent of confounding factors;
3) SNPs affect lipoma risk solely through the GM and not through
other pathways (VanderWeele et al., 2014; Liu Y. et al,, 2022). The
workflow of this study is depicted in Figure 1.

2.2 Data sources

The GWAS data for the GM were initially sourced from the
MiBioGen consortium, involving a large-scale, ethnically diverse
analysis of 18,340 individuals (Kurilshikov et al., 2021). We excluded
12 genera with unknown classifications, ultimately analyzing
119 genera (Xia et al,, 2023). Additionally, GWAS data for BL,
TS-BL, LS-BL, and HFNS-BL were obtained from the FinnGen
R10 database (FinnGen provides genetic insights from), with all data
derived from European populations. All summary data utilized in
this study are publicly available and have received ethical approval
from their respective institutions (Table 1).

2.3 Selection of instrumental variables

To validate the accuracy of the causal relationship between the
GM and lipomas, this study implemented rigorous quality control
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(Stepl) Three assumptions of MR. |, Correlation assumption; Il, independence assumption; Ill, exclusionary restriction assumption; (Step2) Selection
of instrumental variables; (Step3) Flowchart of this MR study. MR, Mendelian randomization; SNP, single nucleotide polymorphism.

TABLE 1 Details of the GWASs included in the Mendelian Randomization.

Trait Data type N_cases N_controls Consortium
Gut Microbiota Exposure 18,340 MiBioGen

BL Outcome 10,276 401,905 FinnGen_R10
TS-BL Outcome 4,094 408,087 FinnGen_R10
LS-BL Outcome 2,344 409,837 FinnGen_R10
HFNS-BL Outcome 1,909 410,272 FinnGen_R10

procedures. Initially, SNPs associated with specific genera were
selected as IVs using a p-value threshold (p < 1 x 107°). Linkage
disequilibrium (LD) analysis was then conducted on a European
genomic dataset (clump_kb = 10,000, clump_r*=0.001) (Chen et al.,
2023), excluding palindromic SNPs to mitigate allelic biases. The
strength of the IVs was assessed by calculating the F-statistic, where
an F > 10 indicated robust instruments and IVs with F < 10 were
excluded. The F-statistic was calculated as follows: F = >_exposure/
SE’_exposure (Wang et al., 2024).

2.4 Statistical methods and
sensitivity analysis

Five MR analysis methods were utilized to thoroughly
investigate the potential causal relationship between the GM and
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lipomas. These methods included inverse variance weighted (IVW),
weighted median, simple mode, MR-Egger, and weighted mode,
with IVW serving as the primary method (Lee et al.,, 2016). IVW, a
commonly used approach, combines the effects of each genetic
variant by weighting them inversely to their estimated uncertainty to
maximize statistical efficiency. The weighted median method
estimates causal effects while addressing pleiotropy, assigning
weights to each IV, and estimating the causal effect as the
weighted median. Simple mode estimates causal effects by
selecting the most common effect direction among IVs, assuming
a cluster around a true causal effect value. MR-Egger regression
detects and adjusts for horizontal pleiotropy by allowing for
pleiotropy among IVs and adjusting the causal effect estimate
through the Egger regression approach, with the intercept testing
for systematic pleiotropy. Lastly, the weighted mode method assigns
weights to different IVs and integrates their effects, assuming the
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FIGURE 2

The circus plot showing the MR results of all gut microbiota. IVW, inverse-variance weighted; SM, Simple mode; WM, Weighted median; WMOED,

Weighted mode; P, p-value; OR, odds ratio.

most significant IVs contribute the greatest weight and their mode
represents the causal effect.

Cochran’s Q test assessed result heterogeneity, with a p <
0.05 indicating significant heterogeneity. Depending on
heterogeneity, either a random-effects model or a fixed-effects
model was applied. Horizontal pleiotropy was evaluated using
MR-Egger and MR-PRESSO analyses, with an intercept p >
0.05 indicating no significant horizontal pleiotropy. A leave-one-
out test was employed to identify individual SNPs with a significant
impact on the MR analysis. Additionally, funnel plots and forest
plots were utilized to enhance the robustness of the findings. All
statistical analyses were conducted using Rstudio (version 4.3.2),
utilizing the TwoSampleMR package.

3 Results
3.1 Selection of instrumental variables

SNPs related to the GM were sourced from the MiBioGen
database. After applying a p-value threshold (p < 1 x 107°), a total
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of 14,587 SNPs associated with the GM were identified. These
SNPs underwent further scrutiny through LD analysis. Utilizing
the selection criteria for IVs, 1531 SNPs linked to 119 GM taxa
were selected as IVs, all demonstrating F-statistics greater than 10
(Yao et al., 2024), suggesting a minimal likelihood of weak
detailed information,
(Supplementary Table S1). Figure 2 depicts the MR causal
relationships between the 119 GM taxa and four types of
lipomas, with separate listed in Supplementary
Tables S2-S5.

instrument bias. For more

results

3.2 Causal relationship between GM and
4 types of lipoma

3.2.1 Causal relationship between GM and BL
IVW analysis identified protective associations between six gut
microbial genera and the risk of BL. Specifically, the Eubacterium
rectale group (OR = 0.848, 95% CI: 0.731-0.985), Desulfovibrio
(OR = 0.842, 95% CI: 0.740-0.959), Ruminococcusl (OR = 0.870,
95% CI: 0.760-0.994), Clostridium sensu strictol (OR = 0.789, 95%
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Exposure Method nSNP P.value OR(95%CI)
Eubacterium rectale group MR Egger i1l 0.290 ) 0.791(0.525 to 1.191)

Weighted median 11 0.080 '_°_:' 0.833(0.679 to 1.022)
VW 11 0.031 ——y 0.848(0.731 to 0.985)
Simple mode 11 0.350 '—0:—0 0.862(0.641 to 1.160)
Weighted mode 11 0.222 —e—l 0.841(0.648 to 1.091)
Desulfovibrio MR Egger 10 0.486 '—0—:—' 0.867(0.591 to 1.271)
Weighted median 10 0.079 —e— 0.851(0.710 to 1.019)
VW 10 0.009 o) 0.842(0.740 to 0.959)
Simple mode 10 0.108 '_'_t‘ 0.749(0.546 to 1.029)
Weighted mode 10 0.103 —— 0.749(0.548 to 1.024)
Ruminococcus! MR Egger 13 0.943 '—QI—! 0.986(0.681 to 1.428)
Weighted median 13 0.221 l—o—:c 0.895(0.748 to 1.069)
vw 13 0.041 '-o—ll 0.870(0.760 to 0.994)
Simple mode 13 0.441 ——— 0.893(0.676 to 1.180)
Weighted mode 13 0378 —e——t 0.887(0.686 to 1.147)
Clostridium sensu strictol MR Egger 9 0.063 —o—c: 0.650(0.443 to 0.954)
Weighted median 9 0.050 '—O—f 0.818(0.668 to 1.000)
IVW 9 0.002 —e—i | 0.789(0.680 to 0.916)
Simple mode 9 0.053 ——, 0.738(0.568 to 0.960)
Weighted mode 9 0.142 '—O—:' 0.812(0.633 to 1.043)
Lachnospiraceae UCG008 MR Egger 11 0.897 l—‘:—' 0.965(0.574 to 1.623)
Weighted median 11 0.088 —o—1 1.135(0.981 to 1.313)
IVW 11 0.011 :»-o—c 1.141(1.031 to 1.262)
Simple mode 11 0.097 fl—o—c 1.282(0.983 to 1.671)
Weighted mode 11 0.090 1—0—! 1.284(0.989 to 1.668)
Lachnospiraceae UCG001 MR Egger 15 0.311 ——r 0.757(0.451 to 1.271)
Weighted median 15 0.180 '—0—:‘ 0.903(0.778 to 1.048)
VW 15 0.037 o 0.888(0.795 to 0.993)
Simple mode 115 0.454 '—0-:—0 0.913(0.724 to 1.151)
Weighted mode 15 0.443 —er—i 0.918(0.741 to 1.136)
Benign lipoma (') 0'5 i 1'5 5
protective factor risk factor
FIGURE 3

Forest plot of the associations between genetically predicted GM and BL risk using IVW methods. IVW, inverse-variance weighted. OR, odds ratio.

TABLE 2 Sensitivity analysis of the MR analysis results of the GM and BL.

Exposure Heterogeneity Directional pleiotropy MR-PRESSO
Cochran’'s Q p-value Egger intercept p-value p-value
Eubacterium rectale group 4.380 0.885 0.005 0.726 0.935
Desulfovibrio 6.977 0.539 -0.003 0.880 0.655
Ruminococcusl 6.090 0.867 —-0.011 0.489 0.901
Clostridium sensu strictol 5918 0.549 0.020 0.318 0.591
Lachnospiraceae UCG008 8.958 0.441 0.018 0.537 0.527
Lachnospiraceae UCG001 15.275 0.290 0.015 0.545 0.361

CI: 0.680-0.916), and Lachnospiraceae UCG001 (OR = 0.888, 95%
CI: 0.795-0.993) exhibited protective effects against BL. Conversely,
Lachnospiraceae UCG008 (OR = 1.141, 95% CI: 1.031-1.262) was
linked to an increased risk of BL (Figure 3). Scatter plots from the
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MR analysis displayed the estimated effects of GM SNPs on BL
(Supplementary Figure 1A).

Results from Cochran’s Q, MR Egger, and MR-PRESSO analyses
indicated no evidence of heterogeneity or horizontal pleiotropy
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Exposure Method nSNP

Family XIII AD3011 group MR Egger 15
Weighted median 15
VW 15
Simple mode 15
Weighted mode 15

Desulfovibrio MR Egger 10
Weighted median 10
IVW 10

Simple mode 10

Weighted mode 10
Eubacterium coprostanoligenes group MR Egger 14
Weighted median 14
IVW 14
Simple mode 14
Weighted mode 14
Lachnospiraceae NK4A 136 group MR Egger 15
Weighted median 15
IVW 15
Simple mode 15
Weighted mode 15
Parasutterella MR Egger 16
Weighted median 16
IVW 16
Simple mode 16

Weighted mode 16
Benign lipoma of trunk

FIGURE 4
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P.value OR(95%CI)
0.164 2.117(0.781 to 5.734)
0.017 | ——e———1  1.407(1.064 to 1.861)
0.002 | ——— 1.382(1.127 to 1.695)
0.036 ! e 1.751(1.091 t0 2.811)
0.051 (———————e—> 1.711(1.046 to 2.798)
0.463 ——— 0.790(0.433 to 1.441)
0.149 —— 0.821(0.627 to 1.074)
0.026 ——! 0.793(0.647 t0 0.972)
0.467 — 0.845(0.548 to 1.304)
0.496 —— 0.861(0.568 to 1.303)
0.090 P> 2.416(0.947 t0 6.167)
0.287 ———— 1.189(0.865 to 1.635)
0.043 ———i 1.278(1.008 to 1.621)
0.777 i 1.085(0.625 to 1.884)
0.750 ——le————— 1.085(0.664 to 1.774)
0.190 ———e————  1.301(0.89 (0 1.889)
0.136 ——— 1.246(0.933 to 1.664)
0.017 |—— 1.254(1.041 to 1.512)
0.074 —————— 1.510(0.993 t0 2.294)
0.090 b 1.347(0.977 to 1.858)
0.735 —_— 1.087(0.677 to 1.745)
0.050 j—o— 1.251(1.000 to 1.565)
0.021 —e—i 1.209(1.028 to 1.421)
0.085 i 1.391(0.980 to 1.975)
0.140 —e———  1.318(0.931 to 1.866)

protective factor risk factor

Forest plot of the associations between genetically predicted GM and TS-BL risk using IVW methods. IVW, inverse-variance weighted. OR, odds ratio.

among the six genera associated with BL (Table 2). Leave-one-out
analysis, funnel plots, and forest plots confirmed the reliability of the
MR findings (Supplementary Figures 1B, C).

3.2.2 Causal relationship between GM and TS-BL

IVW analysis revealed associations between five gut microbial
genera and the risk of TS-BL. Desulfovibrio exhibited a protective
effect against TS-BL (OR = 0.793, 95% CI: 0.647-0.972), whereas
increased risks were associated with the Family XIIT AD3011 group
(OR =1.382, 95% CI: 1.127-1.695), Eubacterium coprostanoligenes
group (OR = 1278, 95% CI: 1.008-1.621), Lachnospiraceae
NK4A136 group (OR = 1254, 95% CI. 1.041-1.512), and
Parasutterella (OR = 1.209, 95% CI: 1.028-1.421) (Figure 4).
Scatter plots from the MR analysis illustrate the estimated effects
of GM SNPs on TS-BL (Supplementary Figure 2A).

Results from Cochran’s Q, MR Egger, and MR-PRESSO analyses
revealed no significant heterogeneity or horizontal pleiotropy
among the five genera related to TS-BL (Table 3). Leave-one-out
analysis, funnel plots, and forest plots indicated the robustness of the
MR study results (Supplementary Figures 2B, C).

3.2.3 Causal relationship between GM and LS-BL
IVW analysis identified six gut microbial genera associated with
the risk of LS-BL. Protective effects against LS-BL were
demonstrated by Clostridium innocuum group (OR = 0.841, 95%
CI: 0.709-0.999), Eubacterium rectale group (OR = 0.728, 95%CI:
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0.535-0.992), Anaerotruncus (OR = 0.724, 95%CI: 0.538-0.974),
Ruminiclostridiumé (OR = 0.769, 95%CI: 0.601-0.984), and
Lachnospiraceae UCG001 (OR = 0.801, 95%CI: 0.645-0.995).
Conversely, an increased risk was associated  with
Lachnospiraceae UCG008 (OR = 1.282, 95%CIL: 1.040-1.579)
(Figure 5). Scatter plots from the MR analysis displayed the
estimated effects of GM SNPs on LS-BL (Supplementary Figure 3A).
Results from Cochran’s Q, MR Egger, and MR-PRESSO analyses
revealed no significant heterogeneity or horizontal pleiotropy among
the six genera related to LS-BL (Table 4). Leave-one-out analysis, funnel
plots, and forest plots showed no significant outliers, underscoring the
reliability of the MR study results (Supplementary Figures 3B, C).

3.2.4 Causal relationship between GM and
HFNS-BL

IVW analysis identified six gut microbial genera associated with
the risk of HFNS-BL. Protective effects were shown by Eubacterium
brachy group (OR = 0.810, 95% CI: 0.671-0.979), Odoribacter
(OR = 0.559, 95% CI: 0.325-0.962), Butyricimonas (OR = 0.751,
95% CI: 0.579-0.975), Subdoligranulum (OR = 0.716, 95% CI:
0.515-0.994), and Clostridium sensu strictol (OR = 0.586, 95%
CI: 0.416-0.826), each indicating a protective role against HFNS-BL.
Conversely, Ruminococcaceae UCG005 was associated with an
increased risk (OR = 1.411, 95% CI: 1.080-1.843) (Figure 6).
Scatter plots from the MR analysis displayed the estimated effects
of GM SNPs on HFNS-BL (Supplementary Figure 4A).
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TABLE 3 Sensitivity analysis of the MR analysis results of the GM and TS-BL.

10.3389/fgene.2024.1430671

Exposure Heterogeneity Directional pleiotropy MR-PRESSO
Cochran’s Q p-value Egger intercept p-value p-value
Family XIIT AD3011 group 7.448 0.878 -0.035 0.407 0.897
Desulfovibrio 5.955 0.652 0.000 0.988 0.777
Eubacterium coprostanoligenes group 8.041 0.782 -0.041 0.194 0.716
Lachnospiraceae NK4A136 group 10.754 0.631 —-0.003 0.828 0.731
Parasutterella 9.078 0.826 0.009 0.647 0.860
Exposure Method nSNP P.value OR(95%CI)
Clostridium innocuum group MR Egger 10 0.564 : 1.319(0.535 to 3.251)
Weighted median 10 0.166 n—o—:—c 0.850(0.675 to 1.070)
IVW 10 0.048 —— 0.841(0.709 to 0.999)
Simple mode 10 0.363 '—0:—! 0.844(0.596 to 1.194)
Weighted mode 10 0.358 '—0—:—i 0.852(0.617 to 1.178)
Eubacterium rectale group MR Egger 11 0.420 ® ; 0.686(0.287 to 1.642)
Weighted median 11 0.092 —_— 0.693(0.452 to 1.062)
IVW 11 0.044 ——iy 0.728(0.535 t0 0.992)
Simple mode 11 0.308 l—O—:—! 0.707(0.375 to 1.332)
Weighted mode 11 0.216 ——— 0.695(0.405 to 1.193)
!
Anaerotruncus MR Egger 14 0.846 T 1.094(0.450 to 2.662)
Weighted median 14 0.056 i—O—} 0.668(0.442 to 1.010)
IVW 14 0.033 '—O—t: 0.724(0.538 to 0.974)
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Forest plot of the associations between genetically predicted GM and LS-BL risk using IVW methods. IVW, inverse-variance weighted. OR, odds ratio.

Results from Cochran’s Q, MR Egger, and MR-PRESSO analyses
indicated no significant heterogeneity or horizontal pleiotropy
among the six genera related to HFNS-BL (Table 5). Leave-one-
out analysis, funnel plots, and forest plots confirmed the absence of
significant outliers, corroborating the reliability of the MR study
results (Supplementary Figures 4B, C).
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4 Discussion

To our knowledge, supported by the GWAS database, this is the
inaugural study investigating the potential causal relationship
between GM and lipomas across various anatomical sites using
MR, thus addressing a gap in this field from a novel perspective. This
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TABLE 4 Sensitivity analysis of the MR analysis results of the GM and LS-BL.

Exposure Heterogeneity Directional pleiotropy MR-PRESSO
Cochran’'s Q p-value Egger intercept p-value p-value
Clostridium innocuum group 5.687 0.682 -0.060 0.348 0.729
Eubacterium rectale group 9.478 0.394 0.005 0.890 0.540
Anaerotruncus 9.219 0.684 -0.030 0.353 0.711
Ruminiclostridiumé 16.401 0.356 ~0.009 0.769 0.439
Lachnospiraceae UCG008 7.876 0.547 —0.068 0.270 0.543
Lachnospiraceae UCG001 10.270 0.672 -0.007 0.881 0.762
Exposure Method nSNP P.value OR(95%CTI)
Eubacterium brachy group MR Egger 11 0.942 > 1.026(0.518 to 2.033)
Weighted median 11 0.118 == 0.816(0.633 to 1.053)
IVW 11 0.029 —— 0.810(0.671 to 0.979)
Simple mode 11 0.376 ———— 0.820(0.539 to 1.248)
Weighted mode 11 0.370 ——l 0.820(0.542 to 1.241)
Odoribacter MR Egger 8 0.885 ) 0.870(0.142 to 5.309)
Weighted median 8 0.003 ——t 1 0.407(0.227 to 0.731)
IVW 8 0.036 '—0—|: 0.559(0.325 to 0.962)
Simple mode 8 0.073 ——— 0.377(0.152 to 0.936)
Weighted mode 8 0.099 — 0.377(0.138 to 1.032)
U
Ruminococcaceae UCG005 MR Egger 17 0.941 < > 0.972(0.465 to 2.034)
Weighted median 17 0.182 ':—0—1 1.304(0.883 to 1.925)
VW 17 0.011 | ——e——  1.411(1.080 to 1.843)
Simple mode 17 0.078 > 1.926(0.974 to 3.807)
Weighted mode 17 0.440 : 1.280(0.694 to 2.361)
Butyricimonas MR Egger 16 0.718 : - » 1.211(0.437 to 3.353)
Weighted median 16 0.300 '—0—:—! 0.815(0.552 to 1.201)
IVW 16 0.032 ——i 0.751(0.579 to 0.975)
Simple mode 16 0.624 -— 0.832(0.404 to 1.713)
Weighted mode 16 0.617 : 0.843(0.438 to 1.622)
Subdoligranulum MR Egger 13 0.800 * : > 0.889(0.365 to 2.165)
Weighted median 13 0.155 —_————t 0.717(0.453 to 1.134)
VW 13 0.046 —y 0.716(0.515 to 0.994)
Simple mode 13 0.471 o—! 0.753(0.357 to 1.589)
Weighted mode 13 0.591 | 0.818(0.401 to 1.668)
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Weighted median 9 0.022 —— : 0.587(0.372 to 0.927)
IVW 9 0.002 —— 0.586(0.416 to 0.826)
Simple mode 9 0.134 — ——— 0.611(0.342 to 1.090)
Weighted mode 9 0.108 ——— 0.599(0.345 to 1.043)
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FIGURE 6
Forest plot of the associations between genetically predicted GM and HFNS-BL risk using IVW methods. IVW, inverse-variance weighted. OR,
odds ratio.
study employed MR to explore potential causal links between GM The GM, comprising trillions of bacteria within the

and lipomas. According to our clues, eighteen types of GM may  gastrointestinal tract, plays critical roles, including enhancing
influence the progression of lipomas, providing new directions for  intestinal permeability, mediating oxidative stress responses, and
future treatments targeting specific GM in managing lipomas. participating in tumor immunoregulation (Jiang and Zhang, 2024).

Frontiers in Genetics 08 frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1430671

Li et al.

10.3389/fgene.2024.1430671

TABLE 5 Sensitivity analysis of the MR analysis results of the GM and HFNS-BL.

Exposure Heterogeneity Directional pleiotropy MR-PRESSO
Cochran’s Q p-value Egger intercept p-value p-value
Eubacterium brachy group 5.406 0.798 -0.032 0.499 0.818
Odoribacter 11.825 0.066 -0.035 0.632 0.127
Ruminococcaceae UCG005 10.849 0.763 0.033 0.305 0.758
Butyricimonas 13.999 0.450 ~0.041 0358 0.469
Subdoligranulum 9.586 0.568 -0.017 0.618 0.651
Clostridium sensu strictol 7.213 0.407 0.034 0.461 0.554

Recent studies have established a close link between the composition
and diversity of GM and various cancer-related diseases, such as
renal tumors (Zhang et al., 2024), aneurysms (Qiu et al., 2024), and
neuroblastoma (Zexin et al., 2024). Additionally, the relationship
between the GM and the TME has attracted increasing attention.
Research (Li et al., 2019) demonstrates that the microbiota affects
cancer initiation, progression, and treatment response by regulating
the host’s immune system. A review of previous research on GM and
cancer-related diseases discusses how GM and their metabolites
impact the host immune system and contribute to the development
of the TME (Qiu et al., 2020). The TME, crucial for tumor growth,
not only controls tumor proliferation but also supports tumor
invasion, metastasis, and immune evasion (Khan et al, 2020;
Zeng et al,, 2016). Within the TME, the GM and its metabolites
alter tumor tissues by influencing the intestinal epithelium, either
promoting or hindering tumor progression. This highlights the
emerging importance of the GM as a critical regulator in
oncology (Erdman and Poutahidis, 2015). Moreover, existing
studies show that extracellular vesicles (EV) are vital in cell-to-
cell communication, especially within the TME. Extracellular vesicle
long RNA (exLR) in EV exhibit stability and are rich in diagnostic
information. They demonstrate high sensitivity and specificity in the
early diagnosis of various cancer types, such as breast cancer (BC)
and colorectal cancer (CRC) (Li et al., 2020; Li et al., 2021; Liu C.
et al.,, 2022). exLRs can influence the behavior of tumor-infiltrating
lymphocytes through immunoregulatory factors and impact tumor
progression by modulating immune responses (Guo et al., 2022; Su
et al.,, 2021).

Our MR analysis indicates that the Eubacterium rectale group,
Desulfovibrio, Ruminococcusl, Clostridium sensu strictol, and
Lachnospiraceae UCG001 may provide protective effects against
BL, while Lachnospiraceae UCG008 could be a risk factor. Within
these microbial communities, the Eubacterium rectale group and
Lachnospiraceae UCGO001 act as protective factors against LS-BL,
whereas Lachnospiraceae UCG008 heightens the risk. Desulfovibrio
affords protection against TS-BL, and Clostridium
strictol guards against HFNS-BL.

The Eubacterium rectale group, an anaerobic Gram-positive

sensu

bacterium, is prevalent in human fecal samples. While no studies
directly associate this group with lipomas, research suggests its
involvement in other tumor types. For instance, an animal study (Lu
et al, 2022) found that the Eubacterium rectale group may prevent
intestinal lymphoma by mitigating chronic inflammation and

Frontiers in Genetics

minimizing the B cell response to gut bacteria. Specifically, it
prevents lymphoma by modulating the TNF-induced TLR4/MyD88/
NF-kB axis, thereby reducing lymphoma incidence in Ey-Myc mice.
Moreover, treatment with 20 ng/mL Eubacterium rectale
Lipopolysaccharide for 2.5 h significantly increased NF-«kB expression
in the nuclei of HCoEpiC and NCM460 cells (Wang et al., 2021),
indicating its potential as a target for preventing both BL and LS-BL due
to NF-kB’s role in tumor progression (Wullaert et al.,, 2011).

The TME plays a crucial role in lipoma formation. Clinical trials
(Atzeni et al, 2021) have shown that Lachnospiraceae
UCGO001 contributes to the production of short-chain fatty acids
(SCFAs), while research by Matsumoto et al. (N et al, 2021)
demonstrates a  strong link between Lachnospiraceae
UCGO008 and saturated fatty acids. These studies reveal how
SCFAs and saturated fatty acids differentially influence the TME,
affecting tumor development and progression. SCFAs, such as
butyrate, typically exhibit
inflammatory, epigenetic regulatory, and

propionate, and acetate, anti-
anti-proliferative,
immunomodulatory effects within the TME, inhibiting tumor cell
proliferation and inducing apoptosis (Dong et al., 2023; Carolin
et al,, 2024; Gomes et al., 2023; Tian et al., 2020). In contrast,
saturated fatty acids are generally associated with negative effects in
the TME, promoting inflammation, increasing tumor cell
proliferation and survival, and suppressing immune functions,
thus aiding tumor growth and survival (Westheim et al., 2023).

Opverall, SCFAs are considered protective within the TME, while
saturated acids may facilitate tumor development. In research
examining skin and GM against a melanoma backdrop (Mekadim
et al., 2022), Clostridium sensu stricto 1 was significantly linked to the
TME, potentially influencing immune responses and cancer dynamics.
Desulfovibrio, recognized as a protective factor in BLs, could also
significantly affect the TME. Research shows that Desulfovibrio can
enhance antitumor immunity within the TME (Li et al.,, 2024; Kim et al,,
2023). Furthermore, studies have noted a correlation between
Desulfovibrio concentration and Parkinson’s disease severity.
Desulfovibrio produces hydrogen sulfide (H=S), which affects cell
signaling in neuronal cells at low concentrations and causes severe
toxicity at higher concentrations (Murros et al.,, 2021).

In research exploring the causal relationship between GM and
cancer (Yiwen et al., 2023), Ruminococcusl was linked to head and
neck cancer, indicating its role in tumor genesis. However, its
association with lipomas warrants further experimental research.
Conversely, in other conditions like non-alcoholic fatty liver disease
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(NAFLD), Ruminococcus] may have exacerbated the progression of
NAFLD (Zhang et al., 2023).

This study boasts several strengths. Firstly, it introduces a novel
genus-level analysis of GM providing a theoretical foundation for further
investigation into specific microbiota mechanisms influencing lipoma
development. Secondly, leveraging genetic data from a large population
sample enhances the reliability of the findings. Additionally, MR analysis
helps reduce the influence of confounding factors.

However, some limitations remain. Due to stringent thresholds,
some microbiota were excluded, potentially omitting critical data. The
study was limited to a European population, and further research is
these Additionally,
contamination from environmental factors was not controlled.

needed to generalize findings. potential
Moreover, numerous variants with small effect sizes increase the risk
of false positives. Lastly, comprehensive data on other GM are required

to fully assess the causal relationship between GM and lipoma risk.

5 Conclusion

In summary, this study assesses the causal relationship between
the GM and lipomas, identifying potentially pathogenic bacterial
taxa. These findings hold significant implications for clinical
practice, especially in the prevention and management of
lipomas. Future studies are necessary to confirm these results
through mechanistic studies and to explore potential therapeutic
interventions targeting the GM.
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