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Causal relationships between gut
microbiota, immune cell, and
Henoch-Schönlein Purpura: a
two-step, two-sample Mendelian
randomization study
Tian Liang, Huijun Shi, Han Cui, Yaqi Cui, Ziwei Zhao,
Yue Wang, Dandan Shi and Peichao Tian*

Department of Pediatric Neurology, First Affiliated Hospital of Zhengzhou University,
Zhengzhou, China
Background: Regulating the immune system is a crucial measure of gut

microbiota (GM) that influences the development of diseases. The causal role

of GM on Henoch-Schönlein Purpura (HSP) and whether it can be mediated by

immune cells is still unknown.

Methods: We performed a two-sample Mendelian randomization study using an

inverse variance weighted (IVW) method to examine the causal role of GM on

HSP and the mediation effect of immune cells between the association of GM

and HSP.

Results: We demonstrated the causal relationships between 14 axas and 6

pathways with HSP. Additionally, we identified 9 immune cell characteristics

associated with HSP. Importantly, through mediation MR analysis, we identified

several immune cell characteristics that mediate the impact of GM on HSP. For

instance, Genus_Blautia affects HSP via Monocyte (HLA DR on CD14+ CD16-

monocyte) and Monocyte (HLA DR on monocyte). The proportion of mediation

effects further elucidated the complex dynamics between GM exposure, immune

markers, and their combined impact on HSP.

Conclusion: The study suggested a causal relationship between GM and HSP,

which may be mediated by immune cells.
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Introduction

Henoch-Schönlein Purpura (HSP) is an acute vasculitis that

predominantly affects children. The exact etiology of HSP remains

unclear, though it is believed to be triggered by various factors,

including infections and vaccinations. The disease primarily

involves inflammation of small blood vessels, affecting multiple

organs such as the skin, joints, gastrointestinal system, and kidneys.

Symptoms vary depending on the organs involved. Laboratory tests

have limited utility in diagnosing HSP, with diagnosis mainly

relying on clinical manifestations such as purpura on the skin,

arthritis, abdominal pain, and signs of renal impairment. In most

cases, HSP is a self-limiting disease. However, severe

gastrointestinal complications such as intestinal bleeding or

perforation may necessitate hospitalization and surgical

intervention to manage these complications (1).

With the increasing prevalence of autoimmune and immune-

mediated diseases, research on the relationship between gut

microbiota and autoimmune conditions has been intensifying. An

accumulating body of evidence suggests that dysbiosis of the gut

microbiota contributes to immune pathogenesis, potentially having a

causal relationship with the onset or exacerbation of immune-related

diseases (2). Microorganisms accompany humans from birth, forming

a mutualistic relationship with their host and serving as the primary

source of health-influencing microbes. The gut microbiota, which

constitutes two-thirds of the human microbial community, is

particularly crucial. It maintains gastrointestinal homeostasis and is

vital for various functions, including nutrition, metabolism,

detoxification, vitamin synthesis, and immune homeostasis (3).

Increasingly, scholars believe that the gut microbiota plays a crucial

role in regulating the body’s immune responses. Studies using 16S

rRNA gene-based pyrosequencing have found that children with HSP

exhibit lower gut microbiota diversity and richness compared to

healthy children (4). Additionally, in vitro animal experiments have

shown that mucosal immunoglobulin A (IgA) can specifically target

certain bacterial groups in the gut, thereby influencing the abundance

of these specific bacterial populations (5).

Circulating immune cells and their subsets are critical

components of the human immune system. The pathogenesis of

HSP remains to be fully elucidated; however, multiple studies suggest

that pathogen infection and the deposition of circulating immune

complexes are closely associated with the onset and prognosis of HSP,

involving circulating immune cells in these processes (1, 6). Current

evidence indicates that both cellular and humoral immunity play

roles in the pathogenesis of HSP. A decrease in cellular immunity

leads to increased production of inflammatory mediators and

heightened secretion of immunoglobulins, which in turn mediate

systemic small vessel vasculitis (7). Regulating inflammation and

immune responses is a key mechanism by which gut microbiota

(GM) influence disease occurrence and progression. GM can alter the

local gut environment in various ways, such as by specifically binding

to intestinal immunoglobulins and improving the gut barrier

function, thereby helping to prevent pathogens from penetrating

the intestinal mucosal layer (8, 9). To date, an increasing body of

evidence suggests a correlation between HSP, GM, and immune cells.
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However, most studies have focused on patients in the acute phase of

HSP, and the findings may be influenced by potential biases due to

reverse causality and unmeasurable confounding factors.

Consequently, the causal relationship among these three elements

remains unclear.

In recent years, numerous studies have explored the relationship

between genetic statistics and immune prospects, revealing how genetic

variations influence an individual’s immune response and disease

progression. For example, investigations into how genetic variations

within tumors affect the tumor-host immune environment have

uncovered significant associations between specific genetic

abnormalities and immune responses (10). Additionally, research

analyzing the spatiotemporal dynamics of immune cells within

tumors has demonstrated how different genetic diversities influence

the formation of the tumor immune environment (11). MR analysis

can delve into the causal relationships between diseases and immune

responses, helping to identify potential therapeutic targets and

enhancing our understanding of immune-related diseases. Numerous

studies have already identified relationships between circulating

immune cells and various diseases, such as hypertension,

hepatocellular carcinoma, and diabetic nephropathy (12–14).

Mendelian Randomization (MR) analysis is an increasingly

prominent method that provides novel perspectives and deep insights

into the etiology of diseases by using genetic variation as instrumental

variables. This approach not only aids in identifying potential

therapeutic interventions but also effectively reduces the confounding

and reverse causality issues inherent in traditional observational studies

when exploring the roles of complex factors such as gut microbiota and

immune cells in disease pathogenesis. MR analysis estimates the causal

relationships between exposure factors and diseases or other outcomes

through unbiased instrumental variables, thereby minimizing the

influence of confounding factors (15).

Recent advancements in two-step MR methods have further

enhanced the precision of this analysis, demonstrating less bias

compared to multivariable methods when detecting mediators in

causal pathways. Previous MR studies have already revealed causal

links between immune cell subtype counts and various diseases,

such as asthma and rheumatoid arthritis (RA), providing important

clues for understanding disease susceptibility. Overall, MR analysis

offers a robust statistical tool for etiological research, helping to

uncover underlying disease mechanisms and providing scientific

evidence for future therapeutic strategies (16).

In this study, we employed a two-step MR approach to

determine: (i) whether gut microbiota is causally associated with

HSP; (ii) whether immune cells are causally associated with HSP;

and (iii) to assess the extent to which immune cells mediate the

effects of gut microbiota on HSP.
Methods

Study design

The MR analysis follows three fundamental principles: (I) the

genetic variation is directly related to the exposure; (II) the genetic
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variation is not related to potential confounding factors between the

exposure and the outcome; and (III) the genetic variation does not

affect the outcome through pathways other than the exposure (15).

The experimental design is illustrated in Figure 1. The study is

divided into two stages. In the first stage, we used a two-sample MR

method, considering GM and immune cell traits as exposure factors

and HSP as the outcome. We aimed to identify GM and immune

cell traits highly associated with HSP risk. Additionally, we

conducted a reverse MR analysis using SNPs associated with HSP

as instrumental variables (IVs) to explore potential causal

relationships between HSP and the identified gut microbiota

traits. GM traits that were positive in the reverse MR analysis

were excluded from further analysis. In the second stage, after

identifying GM and immune cell traits related to HSP risk, we

further assessed the causal effects of GM on these immune cell traits

and calculated the proportion of the effect of GM on HSP mediated

by each immune cell trait. Through this rigorous approach, we aim

to elucidate the causal relationship between GM and HSP and

explore the potential role of immune cell traits in this process.
GWAS summary data sources

Publicly available HSP data comes from the Finn-b-

R10_D3_ALLERGPURPURA dataset, which includes 939 HSP

cases and 405,762 control cases. The Dutch Microbiome Project

provides gut microbiome data from a subset of 8,208 volunteers

from the Dutch Lifeline population cohort. From this study, we

collected summary statistics for the GM, including 207 taxa and 205

pathways (17). GWAS summary statistics for each immune

signature are publicly available from the GWAS Catalog

(accession numbers GCST90001391 to GCST90002121) (18).

These data encompass 731 immunophenotypes, including

absolute cell (AC) counts (n=118), median fluorescence intensity

(MFI) reflecting surface antigen levels (n=389), morphological

parameters (MP) (n=32), and relative cell (RC) counts (n=192).

Specifically, the MFI, AC, and RC features cover B cells, dendritic
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cells (CDC), mature T cells, monocytes, myeloid cells, TBNK

(which includes T cells, B cells, and natural killer cells), and

regulatory T cells (Treg). The MP features include CDC and

TBNK groups (19). The initial GWAS was conducted using data

from 3,757 European individuals, with no overlapping cohorts,

identifying approximately 17.6 million genetic variants. Among

these, 22% had not been discovered in previous sequencing studies

and were enriched for predicted functional consequences. Using a

Sardinian sequence-based reference panel, around 22 million SNPs

were imputed from high-density array genotyping. The associations

were assessed while considering covariates, including sex, age, and

age squared (18). All data for GWAS is sourced from different

alliances or agencies, so there is no duplication between samples.

The definitions of exposure and outcome are detailed in the original

article(Supplementary Table S1).
Ethics statement

Genome-wide association studies aggregate statistical data on

HSP, microbiota, and immune cells for MR analysis. Every GWAS

participating in this research was disclosed via the initial study and

obtained ethical clearance from their individual institutions.
Instrumental variable selection and
data harmonization

Due to the random assignment of genetic variation during

intergenerational transmission, similar to the random grouping in

randomized controlled trials, it has the advantages of reducing

confounding factors and enhancing the robustness and reliability of

causal inference. Therefore, we gathered single nucleotide

polymorphism (SNP) data to serve as IVs for exposure and

outcome (20, 21), employing rigorous criteria for their selection.

Drawing on previous relevant studies (22), we set the filtering

conditions for SNPs to act as IVs for GMs and immune cell traits
FIGURE 1

The study design. A two-step Mendelian randomization study of GM on HSP mediated by immune cell. GM, Gut microbiota; HSP, Henoch-Schönlein
Purpurar; IVs, Instrumental variables.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1450544
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liang et al. 10.3389/fimmu.2024.1450544
at a p-value threshold of less than 1e-5, However, when HSP was

considered as the exposure, We found that even with a stricter

threshold of 5e-6, we could still obtain a sufficient number of

instrumental variables for further analysis. Therefore, we increased

the threshold to ensure the feasibility supported by an adequate

number of instrumental variables, further ensuring the accuracy

and reliability of the analysis. To maintain the independence of the

selected IVs and mitigate the impact of linkage disequilibrium, we

utilized the two-sample MR R package for cluster analysis, setting a

threshold of R2 < 0.001 and a cluster distance of 10,000 kb (22, 23).

To mitigate biases arising from weak instrumental variables, we

specifically calculated the F-statistic, with IVs having an F-statistic

exceeding 10 deemed to possess adequate statistical strength. All

SNPs that passed the aforementioned selection criteria were

included in the final analysis to ensure the accuracy and

effectiveness of their causal relationships with GM, immune cell

traits, and the risk of HSP (14). The final set of all IVs is displayed in

Supplementary Table S2.
Statistical analysis

This study utilized R statistical software version 4.3.2 and the

packages “TwoSampleMR,” “VariantAnnotation,” and “ieugwasr”

for two-sample MR analysis, aiming to explore the causal

relationships between specific exposure factors and outcomes

(24). Five MR analysis methods were employed: MR Egger,

Weighted median, Inverse variance weighted (IVW), Simple

mode, and Weighted mode. Among these, the IVW method was

considered the primary approach for assessing causality due to its

precision and robustness. Statistical significance was determined

with a p-value threshold of less than 0.05, and the odds ratio (OR)

was used to measure the association between exposure factors and
Frontiers in Immunology 04
outcomes. An OR greater than 1 indicated a positive association,

while an OR less than 1 indicated a negative association (25, 26).

During the analysis, Cochran’s Q statistic was used to assess

heterogeneity. In cases of significant heterogeneity, MR-Egger

regression was applied to analyze potential pleiotropy. Pleiotropy

was further assessed using the MR-Egger intercept test and the MR-

PRESSO method. Leave-one-out sensitivity analysis was performed

to evaluate the impact of individual SNPs on the overall causal

effect. Additionally, funnel plots and scatter plots were employed to

visually present potential pleiotropy (27). Given the multiple

datasets processed and compared simultaneously, there was a risk

of false-positive results due to random effects. Therefore, the false

discovery rate (FDR) method was used for correction, ensuring that

only results with p-values less than the FDR threshold were

included (28). This comprehensive approach aimed to minimize

bias and provide reliable estimates of causal relationships between

exposures and outcomes.
Results

Total effect of GM on HSP

Through a two-sample MR analysis, we demonstrated a causal

relationship between 14 axes and 6 pathways and HSP (Figure 2).

Among these, 3 pathways and 7 axes showed a positive correlation with

HSP, which are as follows: adenosylcobalamin salvage from

cobinamide I (OR = 2.165, 95% CI: 1.313-3.569, p = 0.002), glycogen

degradation I (OR = 1.645, 95% CI: 1.057-2.561, p=0.027), L-isoleucine

biosynthesis I (from threonine) (OR = 1.814, 95% CI: 1.021-3.225, p =

0.042), Family_Oxalobacteraceae (OR = 1.514, 95% CI: 1.031-2.224,

p = 0.035), Family_Enterobacteriaceae (OR = 2.447, 95% CI: 1.488-

4.024, p = 0.000), Genus_Blautia (OR = 1.606, 95% CI: 1.110-2.325,
FIGURE 2

MR analysis showed the causality of 14 axes and 6 pathways on HSP were significant. CI, Confidence Interval; MR, Mendelian randomization; OR,
odds ratio.
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p = 0.012), Genus_Faecalibacterium (OR = 2.364, 95% CI: 1.203-4.645,

p = 0.012), Genus_Oxalobacter (OR = 1.514, 95% CI: 1.031-2.224, p =

0.035), Order_Enterobacteriales (OR = 2.447, 95% CI: 1.488-4.025, p =

0.000), Species_formigenes (OR = 1.514, 95% CI: 1.031-2.225,

p = 0.035).

On the other hand, 3 pathways and 7 axes exhibited a protective

effect against HSP, which are as follows: pantothenate and coenzyme A

biosynthesis I (OR = 0.563, 95% CI: 0.318-0.997, p = 0.049),

Superpathway of unsaturated fatty acids biosynthesis (E. coli) (OR =

0.611, 95% CI: 0.420-0.889, p = 0.010), dTDP-N-acetylthomosamine

biosynthesis (OR = 0.659, 95% CI: 0.467-0.930, p = 0.018),

Family_Coriobacteriaceae (OR = 0.574, 95% CI: 0.365-0.901, p =

0.016), Genus_Paraprevotella (OR = 0.654, 95% CI: 0.483-0.886, p =

0.006), Genus_Ruminococcaceae (OR = 0.753, 95% CI: 0.596-0.950,

p = 0.017), Order_Coriobacteriales (OR = 0.574, 95% CI: 0.365-0.901,

p = 0.016), Species_Ruminococcaceae_D16 (OR = 0.752, 95% CI:

0.596-0.950, p = 0.017), Species_invisus (OR = 0.616, 95% CI: 0.434-

0.873, p = 0.006), Species_clarus (OR = 0.731, 95% CI: 0.578-0.926, p =

0.009). For more detailed information, we present it in Supplementary

Table S3. As for the picked GMr, we conducted a reverse MR and did

not detect any significant causal relationship among them.

In this process, although not all analytical methods yielded

statistically significant results, we ensured the consistency in the

direction of results across five different analytical methods. Cochran’s

Q statistic, MR-Egger intercept test, and MR-PRESSO indicated no

heterogeneity or horizontal pleiotropy in this MR analysis

(Supplementary Table S5). Furthermore, in the leave-one-out

sensitivity analysis, no single SNP significantly violated the overall

effect of GM onHSP. After FDR correction, the aforementioned results

remained significant. Following Bonferroni correction,

adenosylcobalamin salvage from cobinamide I (p = 0.049),

Family_Enterobacteriaceae (p = 0.008), and Order_Enterobacteriales

(p = 0.008) continued to exhibit significance.
Effect of immune cell traits on HSP

Using the IVW method as the primary evaluation standard, we

detected that three immune cell traits had a protective effect against

HSP: B cell (IgD- CD38- %lymphocyte) (OR = 0.814, 95% CI: 0.697-

0.952, p = 0.0100), B cell (CD27 on T cell) (OR = 0.891, 95% CI: 0.818-

0.970, p = 0.0076), and Treg (CD25 on CD39+ activated Treg) (OR =
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0.813, 95% CI: 0.708-0.934, p = 0.0034). Treg (CD39+ secreting Treg %

secreting Treg) (OR = 1.133, 95% CI: 1.052-1.220, p = 0.0009), Treg

(CD39+ secreting Treg %CD4 Treg) (OR = 1.140, 95% CI: 1.059-1.228,

p = 0.0005), Treg (CD127 on CD4+) (OR = 1.343, 95% CI: 1.084-1.664,

p = 0.0069), Monocyte (HLA DR on CD14+ CD16- monocyte) (OR =

1.298, 95%CI: 1.108-1.521, p = 0.0013),Monocyte (HLADR on CD14+

monocyte) (OR = 1.312, 95% CI: 1.125-1.531, p = 0.0005), and

Monocyte (HLA DR on monocyte) (OR = 1.255, 95% CI: 1.066-

1.478, p = 0.0065) were six immune cell phenotypes found to increase

the risk of HSP (Figure 3), More detailed information is presented in

Supplementary Table S3.

In this MR study, the p-values obtained from Cochran’s Q test

were greater than 0.05, indicating no significant heterogeneity.

Additionally, both the MR-Egger intercept test and the MR-

PRESSO analysis provided no evidence of horizontal pleiotropy

(Supplementary Table S5). Further leave-one-out sensitivity

analyses confirmed the robustness of the causal estimates, as the

overall causal relationship estimate remained largely unchanged

even when any single SNP was excluded. After FDR correction, the

results remained significant. Following Bonferroni correction, Treg

(CD39+ secreting Treg %secreting Treg) (p = 0.008), Treg (CD39+

secreting Treg %CD4 Treg) (p = 0.004), Treg (CD25 on CD39+

activated Treg) (p = 0.031), Monocyte (HLA DR on CD14+ CD16-

monocyte) (p = 0.011), and Monocyte (HLA DR on CD14+

monocyte) (p = 0.005) continued to show significance.
Effect of GM on immune cell traits

We selected 20 GMs as exposure factors and 9 immune cell

types as outcomes for the MR analysis, which resulted in 6 positive

associations, as shown in Figure 3 and Supplementary Table S4.

Additionally, we performed mediation analysis to investigate the

mediating effects of the immune cells in these associations. The

specific results are presented in Table 1 and Figure 4.
Discussion

In recent years, the close relationship between GM and host

health has increasingly become a focus of medical research. HSP, a

common small vessel vasculitis, has garnered particular attention
FIGURE 3

MR analysis showed 6 immune cell traits had protective effects on HSP and 3 immune cell traits had disadvantageous effects on HSP.
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for its potential association with GM. HSP manifests in various

clinical symptoms, including skin purpura, gastrointestinal issues,

joint pain, and renal involvement. Multiple studies suggest that GM

imbalance or dysregulation may play a critical role in the

pathogenesis of HSP.

GM dysregulation may be related to the pathogenesis and clinical

manifestations of HSP. An observational study analyzing 18 primary

cases, 16 recurrent cases, and 23 healthy children found that the

diversity and richness of GM in HSP patients were significantly

reduced, and the structure of GM differed markedly from that of
Frontiers in Immunology 06
healthy controls. Specifically, the relative abundance of potential

pathogenic bacteria such as Bacteroides, Escherichia-Shigella, and

Streptococcus within the g-Proteobacteria phylum was increased in

HSP patients, while the relative abundance of beneficial strains such as

Prevotella_9 was decreased. These compositional changes in the gut

microbiota may be closely related to the inflammatory processes of HSP

(29). Furthermore, the abundance of Bacteroides is positively correlated

with serum IgG levels in children with HSP, whereas the abundance of

Lachnospiraceae is negatively correlated with complement component

C3. Intake of Lactobacillus paracasei LC01 can reduce the abundance of
FIGURE 4

Mendelian randomization analysis between GM and Mediator.
TABLE 1 Mediation effect of GM on HSP via immune cell.

Traits of GM Traits of Immune cell
Total effect

Direct
effect A

Direct
effect B

Mediation
effect

Mediation
Proportion
(%)b (95% CI) b (95% CI) b (95% CI) b (95% CI)

pantothenate and
coenzyme A biosynthesis I

Treg (CD127 on CD4+)
−0.5727 (−1.1421
−−0.0027)

−0.3183 (−0.6203
−−0.0189)

0.2955
(0.0784- 0.5092)

-0.00343
(-0.084, 0.0771)

16.5%

Genus_Paraprevotella
Treg (CD25 on CD39+
activated Treg)

−0.4201 (−0.7263
−−0.1211)

0.1823
(0.0037−0.3615)

−0.2059
(−0.3488-
−0.0708)

-0.0377
(-0.081, 0.00566)

8.88%

Genus_Blautia
Monocyte (HLA DR on CD14+
CD16- monocyte)

0.4700
(0.1038−0.8396)

−0.2245 (−0.4201
−−0.0274)

0.2636
(0.1024- 0.4192)

-0.0587
(-0.119, 0.00207)

-12.4%

Genus_Blautia
Monocyte (HLA DR on CD14
+ monocyte)

0.4700
(0.1038−0.8396)

−0.2300 (−0.4283
−−0.0321)

0.2728
(0.1187-0.4252)

-0.0625
(-0.124,
-0.000608)

-13.2%

Genus_Blautia
Monocyte (HLA DR
on monocyte)

0.4700
(0.1038−0.8396)

−0.2107 −0.4078
−−0.0130)

0.2276
(0.0649-0.3864)

-0.0479
(-0.104, 0.00793)

-10.1%

Genus_Oxalobacter
Monocyte (HLA DR on CD14+
CD16- monocyte)

0.4149
(0.0295-0.7976)

0.1274
(0.0004-0.2510)

0.2636
(0.1024- 0.4192)

0.0331
(-0.0112, 0.0775)

7.99%
Total effect: The causal role of GM on HSP.
Direct effect A: The causal role of GM on immune cell traits.
Direct effect B: The causal role of immune cell traits on HSP.
b (indirect effect) = b (Direct effect A) * b (Direct effect B).
The mediated proportion = b (indirect effect)/b (total effect).
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Escherichia-Shigella in the gut, which is more abundant in recurrent

HSP cases compared to initial cases and healthy controls. Although the

study did not directly link Lactobacillus to C3, Lactobacillus may

indirectly regulate immune response by reducing the abundance of

Escherichia-Shigella, thereby affecting the complement system,

particularly C3 levels. Escherichia-Shigella may play a role in

promoting inflammation or immune dysregulation. Abdominal

symptoms in HSP children were associated with specific gut

microbiota, particularly Streptococcus and butyrate-producing

bacteria. However, another study reported that the abundance of

Bacteroides was positively correlated with serum IgG levels in

patients, while the abundance of Lachnoclostridium was negatively

correlated with complement component 3 (C3) levels (30). These

correlations suggest that the gut microbiota may participate in the

pathogenesis of HSP by influencing the host’s immune response.

However, most current studies are primarily observational and have

not directly demonstrated the impact of gut microbiota dysbiosis on the

progression of HSP. Additionally, it remains unproven whether HSP

patients can benefit from treatments involving probiotics or antibiotics

(31). A previous MR study on the association between GM and HSP

identified six GMs related to HSP, which differs significantly from our

findings. In our study, we utilized updated GM data, which we believe

lends greater credibility to our results (32).

Based on our analysis, we identified that the genus Blautia plays a

crucial role in the immune cell-mediated GM pathway affecting HSP.

Blautia is a significant component of the human gut microbiota and is

closely linked to host health and disease states (33, 34). Research

indicates that Blautia bacteria are vital in regulating host metabolism,

enhancing gut barrier function, and participating in immune

modulation. Specifically, Blautia coccoides and Blautia wexlerae have

been shown to maintain colonic mucus function by secreting short-

chain fatty acids (SCFAs) under low-fiber diets, which is essential for

protecting against gut microbial invasion and maintaining intestinal

health (35). In studies on childhood obesity, a reduction in Blautia

species is associated with increased gut inflammation and worsening

metabolic phenotypes. Specifically, decreased levels of Blautia luti and

Blautia wexlerae in the gut of obese children are linked to the

development of insulin resistance, potentially leading to more severe

metabolic disorders such as type 2 diabetes (T2D). These findings

underscore the potential role of Blautia bacteria in maintaining gut

immune homeostasis and preventing obesity-related complications

(36). Additionally, Blautia coccoides stimulates mucus growth by

activating the short-chain fatty acid receptor Ffar2. This mechanism

might provide a new target for restoring mucus growth in mucus-

related disease states. Supplementation with Blautia coccoides under a

low-fiber diet significantly increases the growth rate of colonic mucus

inmice without altering its thickness. This suggests that Blautia bacteria

may directly impact the integrity and function of the intestinal mucus

layer through their metabolic products (34). Numerous studies have

linked Blautia to various diseases, such as lower respiratory tract

infections and colorectal cancer (37). However, we have not yet

found research exploring the relationship between HSP and Blautia.

One of the pathological features of HSP is the deposition of IgA-

containing immune complexes on the walls of small blood vessels. This

process activates the complement system, triggering an inflammatory

response (38). Abnormal polymeric forms of IgA are particularly
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prominent in HSP patients and may be associated with mucosal

immune abnormalities. Furthermore, follicular helper T cells (Tfh)

play a critical role in mucosal immunity by promoting IgA secretion

through IL-21 production and direct interaction with B cells. Both

cellular and humoral immunity are involved in the pathogenesis of

HSP. Compared to healthy controls, HSP patients exhibit decreased

levels of T lymphocyte subsets, B cells, and NK cells, while levels of IgG,

IgA, IgM, and C3 are elevated, indicating an activated immune system

(39). The abnormal elevation of Tfh cells is associated with increased

IgA production, suggesting these cells play a key role in the

development of HSP (38). Additionally, the immune cell subsets in

HSP patients are altered, notably with reduced proportions of CD3+

and CD4+ cells, leading to a significant decrease in the CD4+/CD8+

ratio (40). This imbalance in T cell subsets may be related to the

inflammatory process in HSP. Concurrently, the increased proportion

of B cells and elevated immunoglobulin levels reflect the activation of

humoral immunity. Renal involvement is a significant complication in

HSP patients, with immunoglobulin and complement system

activation playing a crucial role in kidney damage. The number of

red blood cells in the urine correlates positively with IgA levels and

negatively with serum complement C4 levels, indicating that

complement activation may play a key role in HSP-related renal

damage. Regulatory T cells (Treg) and regulatory B cells (Breg) also

play important roles in immune regulation in HSP. The frequency of

Treg cells is higher during the acute phase of HSP than during the

remission phase and in healthy controls, while the percentage of Breg

cells in HSP patients is associated with renal damage (6). These findings

suggest that Treg and Breg cells may play significant roles in the

immunoregulation of HSP.

Tregs play a crucial role in maintaining immune homeostasis

and preventing various diseases. Through their immunoregulatory

functions, Tregs effectively suppress excessive immune responses,

reduce chronic inflammation, and are particularly important in the

context of obesity and metabolic diseases (41). In studies on

pediatric SARS-CoV-2-related multisystem inflammatory

syndrome (MIS-C), Treg cell dysfunction has been linked to

disease development. The discovery of the Notch1/CD22

signaling axis offers new insights into the role of Treg cells in

MIS-C (42). Additionally, Treg cells suppress effector T cell activity

and reduce inflammatory responses by secreting anti-inflammatory

cytokines such as IL-10 and TGF-b. This function is particularly

important in allergic reactions and autoimmune diseases. The

characteristics and functional attributes of Treg cells have also

been studied as potential biomarkers for predicting the

development of allergies in children (43). Monocytes are white

blood cells in the circulating blood, constituting a significant

proportion of peripheral blood leukocytes in children. Originating

from the bone marrow, they migrate through the bloodstream to

various parts of the body, where they differentiate into macrophages

and dendritic cells. These differentiated cells play crucial roles in

maintaining tissue homeostasis and immune surveillance. In

children, the development and functional maturation of

monocytes are vital for combating infections and managing

inflammatory responses (44, 45). During disease progression, the

role of monocytes is equally significant. For example, in pediatric

MIS-C, monocyte activation and abnormal proliferation are closely
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associated with the severity of the disease. Studies indicate that

increased monocyte heterogeneity is linked to cardiovascular

complications in MIS-C, providing potential biomarkers for early

identification and treatment (46). Additionally, in other diseases

such as autoimmune disorders, chronic infections, and tumors,

monocytes play a critical role by secreting cytokines and

chemokines. These secretions help regulate the inflammatory

process and influence the behavior of other immune cells (47).

In this study, we employed MR analysis, an epidemiological

technique that uses genetic variations as instrumental variables to

explore potential causal relationships between GM, immune cells,

and HSP. The advantage of MR analysis lies in its ability to provide

more reliable causal inferences compared to traditional

observational studies. By using genetic variations to mimic

random allocation, MR analysis reduces the influence of

confounding factors and selection bias. Additionally, MR analysis

is not affected by reverse causation, which is particularly important

when studying chronic diseases and complex biological pathways.
Limitation

Despite certain advancements, this study has some limitations that

suggest directions for future research. First, most study samples are

primarily derived from populations of European ancestry, limiting the

generalizability of the findings. Therefore, further studies are needed

across different races and populations to validate the universality of the

current findings. Second, due to the limited number of available genetic

variants, some studies had to relax the significance threshold, which

might affect the statistical power. Additionally, although the MR

analysis design reduces the impact of confounding factors, it cannot

completely eliminate all potential confounders, such as environmental

factors and lifestyle. The validity of genetic instruments, issues of

pleiotropy, biases in data sources, and the choice of statistical methods

could also influence the study results. MR studies generally provide

evidence of causality rather than directly investigating biological

mechanisms, which requires further biological research to elucidate.

Given that interpreting MR study results requires consideration within

specific biological and epidemiological contexts, future research should

be conducted within a broader scientific framework to ensure the

robustness and generalizability of the results. Despite these limitations,

our study offers valuable insights for further research on the

relationships between GM, immune cells, and HSP.

Conclusion

Through MR analysis, we revealed the potential causal

relationships between GM, circulating immune cells immune

cells, and HSP. We identified relevant pathogenic and probiotic

bacterial groups and attempted to identify circulating immune cells

that may act as mediators in these relationships. This study may aid

in the early detection of HSP and provide new directions for

prevention and treatment. Despite the limitations regarding

sample selection and the representativeness of genetic variations,

our comprehensive analysis offers new perspectives for research in

this field and lays the groundwork for future studies.
Frontiers in Immunology 08
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding author.
Author contributions

TL: Writing – review & editing, Writing – original draft,

Software, Data curation, Conceptualization. HS: Writing –

original draft, Investigation, Formal analysis. HC: Writing –

original draft, Project administration, Methodology. YC: Writing

– original draft, Validation, Software. ZZ: Writing – original draft,

Visualization, Validation. YW: Writing – review & editing, Formal

analysis, Data curation. DS: Writing – review & editing,

Methodology, Investigation. PT: Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

Thank you to all study members who participated in this study,

GWAS Catalog, FinnGen for providing GWAS data summaries.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fimmu.2024.

1450544/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1450544/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1450544/full#supplementary-material
https://doi.org/10.3389/fimmu.2024.1450544
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liang et al. 10.3389/fimmu.2024.1450544
References
1. Ballinger S. Henoch-schonlein purpura. Curr Opin Rheumatol. (2003) 15:591–4.
doi: 10.1097/00002281-200309000-00012

2. Sanidad KZ, Amir M, Ananthanarayanan A, Singaraju A, Shiland NB, Hong HS,
et al. Maternal gut microbiome–induced IgG regulates neonatal gut microbiome and
immunity. Sci Immunol. (2022) 7:eabh3816. doi: 10.1126/sciimmunol.abh3816

3. Adak A, Khan MR. An insight into gut microbiota and its functionalities. Cell Mol
Life Sci. (2018) 76:473–93. doi: 10.1007/s00018-018-2943-4

4. Wang X, Zhang L, Wang Y, Liu X, Zhang H, Liu Y, et al. Gut microbiota dysbiosis
is associated with henoch-schönlein purpura in children. Int Immunopharmacol.
(2018) 58:1–8. doi: 10.1016/j.intimp.2018.03.003

5. Zhang X, Chen B-D, Zhao L-D, Li H. The gut microbiota: Emerging evidence in
autoimmune diseases. Trends Mol Med. (2020) 26:862–73. doi: 10.1016/
j.molmed.2020.04.001

6. Ding Y, Zhou Y, Li H-R, Xiong Y-H, Yin W, Zhao L. Characteristics of immune
function in the acute phase of henoch-schönlein purpura. Clin Rheumatol. (2021)
40:3711–6. doi: 10.1007/s10067-021-05707-6

7. Rigante D, Castellazzi L, Bosco A, Esposito S. Is there a crossroad between
infections, genetics, and henoch-schönlein purpura? Autoimmun Rev. (2013) 12:1016–
21. doi: 10.1016/j.autrev.2013.04.003

8. Planer JD, Peng Y, Kau AL, Blanton LV, Ndao IM, Tarr PI, et al. Development of
the gut microbiota and mucosal IgA responses in twins and gnotobiotic mice. Nature.
(2016) 534:263–6. doi: 10.1038/nature17940

9. Wang Q, Lu Q, Jia S, Zhao M. Gut immune microenvironment and
autoimmunity. Int Immunopharmacol. (2023) 124:110842. doi: 10.1016/
j.intimp.2023.110842

10. Wellenstein MD, de Visser KE. Cancer-Cell-Intrinsic mechanisms shaping the
tumor immune landscape. Immunity . (2018) 48:399–416. doi: 10.1016/
j.immuni.2018.03.004

11. Bindea G,Mlecnik B, TosoliniM, Kirilovsky A,Waldner M, Obenauf Anna C, et al.
Spatiotemporal dynamics of intratumoral immune cells reveal the immune landscape in
human cancer. Immunity. (2013) 39:782–95. doi: 10.1016/j.immuni.2013.10.003

12. Siedlinski M, Jozefczuk E, Xu X, Teumer A, Evangelou E, Schnabel RB, et al.
White blood cells and blood pressure: A mendelian randomization study. Circulation.
(2020) 141:1307–17. doi: 10.1161/circulationaha.119.045102

13. Li X, Zhang L, Yan C, Zeng H, Chen G, Qiu J. Relationship between immune
cells and diabetic nephropathy: a mendelian randomization study. Acta Diabetologica.
(2024). doi: 10.1007/s00592-024-02293-2

14. Tang J, Zhang S, Jiang L, Liu J, Xu J, Jiang C, et al. Causal relationship between
immune cells and hepatocellular carcinoma: a mendelian randomisation study. J
Cancer. (2024) 15:4219–31. doi: 10.7150/jca.96744

15. Emdin CA, Khera AV, Kathiresan S. Mendelian randomization. JAMA. (2017)
318:1925–6. doi: 10.1001/jama.2017.17219

16. Richmond RC, Hemani G, Tilling K, Davey Smith G, Relton CL. Challenges and
novel approaches for investigating molecular mediation. Hum Mol Genet. (2016) 25:
R149–56. doi: 10.1093/hmg/ddw197

17. Lopera-Maya EA, Kurilshikov A, van der Graaf A, Hu S, Andreu-Sánchez S, Chen
L, et al. Effect of host genetics on the gut microbiome in 7,738 participants of the dutch
microbiome project. Nat Genet. (2022) 54:143–51. doi: 10.1038/s41588-021-00992-y

18. Orrù V, Steri M, Sidore C, Marongiu M, Serra V, Olla S, et al. Complex genetic
signatures in immune cells underlie autoimmunity and inform therapy. Nat Genet.
(2020) 52:1036–45. doi: 10.1038/s41588-020-0684-4

19. Sidore C, Busonero F, Maschio A, Porcu E, Naitza S, Zoledziewska M, et al.
Genome sequencing elucidates sardinian genetic architecture and augments association
analyses for lipid and blood inflammatory markers. Nat Genet. (2015) 47:1272–81.
doi: 10.1038/ng.3368

20. Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis
with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658–
65. doi: 10.1002/gepi.21758

21. Burgess S, Foley CN, Allara E, Staley JR, Howson JMM. A robust and efficient
method for mendelian randomization with hundreds of genetic variants. Nat Commun.
(2020) 11:1–11. doi: 10.1038/s41467-019-14156-4

22. Wang Q, Gao T, Zhang W, Liu D, Li X, Chen F, et al. Causal relationship
between the gut microbiota and insomnia: a two-sample mendelian randomization
study. Front Cell Infection Microbiol. (2024) 14:1279218. doi: 10.3389/
fcimb.2024.1279218

23. Slatkin M. Linkage disequilibrium — understanding the evolutionary past and
mapping the medical future. Nat Rev Genet. (2008) 9:477–85. doi: 10.1038/nrg2361

24. Skrivankova VW, Richmond RC, Woolf BAR, Davies NM, Swanson SA,
VanderWeele TJ, et al. Strengthening the reporting of observational studies in
epidemiology using mendelian randomisation (STROBE-MR): explanation and
elaboration. BMJ. (2021) 375:n2233. doi: 10.1136/bmj.n2233
Frontiers in Immunology 09
25. Liu Z, Ye T, Sun B, Schooling M, Tchetgen ET. Mendelian randomization
mixed-scale treatment effect robust identification and estimation for causal inference.
Biometrics. (2022) 79:2208–19. doi: 10.1111/biom.13735

26. Zhu G, Zhou S, Xu Y, Gao R, Zhang M, Zeng Q, et al. Chickenpox and multiple
sclerosis: A mendelian randomization study. J Med Virol. (2022) 95:e28315.
doi: 10.1002/jmv.28315

27. Burgess S, Thompson SG. Interpreting findings from mendelian randomization
using the MR-egger method. Eur J Epidemiol. (2017) 32:391–2. doi: 10.1007/s10654-
017-0255-x

28. Newson RB. Frequentist q-values for multiple-test procedures. Stata Journal:
Promoting Commun Stat Stata. (2011) 10:568–84. doi: 10.1177/1536867x1001000403

29. Zhang Y, Xia G, Nie X, Zeng Y, Chen Y, Qian Y, et al. Differences in
manifestations and gut microbiota composition between patients with different
henoch-schonlein purpura phenotypes. Front Cell Infection Microbiol. (2021)
11:641997. doi: 10.3389/fcimb.2021.641997

30. Wen M, Dang X, Feng S, He Q, Li X, Liu T, et al. Integrated analyses of gut
microbiome and host metabolome in children with henoch-schönlein purpura. Front
Cell Infection Microbiol. (2022) 11:796410. doi: 10.3389/fcimb.2021.796410

31. Wang J-K, Yan B, Zhao J-M, Yuan L-P. Effect of gut microbiota from henoch-
schönlein purpura patients on acid-sensitive ion channel 3 expression and intestinal
motility in germ-free rats. BMC Pediat. (2021) 21:536. doi: 10.1186/s12887-021-03013-3

32. Jiang C, Deng S, Ma X, Song J, Li J, Yuan E. Mendelian randomization reveals
association of gut microbiota with henoch–schönlein purpura and immune
thrombocytopenia. Int J Hematol. (2024) 120:50–9. doi: 10.1007/s12185-024-03777-1

33. Trischler R, Poehlein A, Daniel R, Müller V. Ethanologenesis from glycerol by
the gut acetogen blautia schinkii. Environ Microbiol. (2023) 25:1. doi: 10.1111/1462-
2920.16517

34. Holmberg SM, Feeney RH, Prasoodanan PKV, Pueŕtolas-Balint F, Singh DK,
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