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Causal associations between the gut microbiota and multiple myeloma: a two-sample Mendelian randomization study









 


	
	
ORIGINAL RESEARCH
published: 14 June 2024
doi: 10.3389/fnut.2024.1400116








[image: image2]

Causal associations between the gut microbiota and multiple myeloma: a two-sample Mendelian randomization study

Chun-Yan Zhang1†, Dong Zhang2†, Wen-Rui Sun1, Hai-Long Tang1, Biao Tian1, Li-Hong Hu1, Wu-Yue Hu1, Ya-Ya Gao1, Miao-Yu Li1, Wan-Ting Xiao1, Shan Gao1* and Guang-Xun Gao1*


1Department of Hematology, Xijing Hospital, Air Force Military Medical University, Xi’an, China

2Department of Plastic Surgery, Tangdu Hospital, Air Force Military Medical University, Xi’an, China

Edited by
 Ding-Tao Wu, Chengdu University, China

Reviewed by
 Le Liu, Southern Medical University, China
 Yuchen Li, Stanford University, United States

*Correspondence
 Shan Gao, fishgegegaoshan@163.com; Guang-Xun Gao, gaoguangxun@fmmu.edu.cn 

†These authors have contributed equally to this work

Received 13 March 2024
 Accepted 28 May 2024
 Published 14 June 2024

Citation
 Zhang C-Y, Zhang D, Sun W-R, Tang H-L, Tian B, Hu L-H, Hu W-Y, Gao Y-Y, Li M-Y, Xiao W-T, Gao S and Gao G-X (2024) Causal associations between the gut microbiota and multiple myeloma: a two-sample Mendelian randomization study. Front. Nutr. 11:1400116. doi: 10.3389/fnut.2024.1400116
 

Background: Previous observational studies have indicated a potential association between the gut microbiota and multiple myeloma (MM). However, the relationship between the gut microbiota and MM remains unclear. This study aimed to ascertain the existence of a causal link between the gut microbiota and MM.

Methods: To investigate the potential causal relationship between gut microbiota and MM, a two-sample Mendelian randomization (MR) analysis was conducted. Exposure data was obtained from the MiBioGen consortium, which provided genetic variants associated with 211 bacterial traits. MM outcome data was obtained from the FinnGen consortium. The selection of Single nucleotide polymorphisms estimates was performed through meta-analysis using inverse-variance weighting, and sensitivity analyses were conducted using weighted median, MR Egger, Simple mode, and MR-PRESSO.

Results: The results of the study demonstrated a significant positive correlation between the genus Eubacterium ruminantium group and the risk of MM (OR 1.71, 95% CI 1.21 to 2.39). Conversely, the genus: Dorea (OR 0.46, 95% CI 0.24 to 0.86), Coprococcus1 (OR 0.47, 95% CI 0.22 to 1.00), RuminococcaceaeUCG014 (OR 0.57, 95% CI 0.33 to 0.99), Eubacterium rectale group (OR 0.37, 95% CI 0.18 to 0.77), and order: Victivallales (OR 0.62, 95% CI 0.41–0.94), class: Lentisphaeria (OR 0.62, 95% CI 0.41 to 0.94), exhibited a negative association with MM. The inverse variance weighting analysis provided additional support for these findings.

Conclusion: This study represents an inaugural exploration of MR to investigate the connections between gut microbiota and MM, thereby suggesting potential significance for the prevention and treatment of MM.
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1 Introduction

Multiple myeloma (MM), which is the second most prevalent hematological malignancy, exhibits considerable heterogeneity. It is characterized by the presence of malignant plasma cells that excessively produce monoclonal immunoglobulin paraproteins within the bone marrow (1). Typical symptoms in MM patients include hypercalcemia, renal impairment, anemia, and bone abnormalities. MM is associated with a range of risk factors encompassing lifestyle, genetics, diet, occupation, environment, and notably inflammation (2). However, the precise etiology and pathogenesis of this disease remain largely elusive. Despite the discovery of novel medications that augment treatment options for MM patients, achieving a complete cure remains a formidable challenge due to drug resistance and relapse (3). Consequently, it is crucial to investigate the origins of MM to impede its progression and promote effective therapeutic strategies.

The gut microbiota, which consists of microbes including bacteria, fungi, viruses, and protozoa, is considered as the largest symbiotic microbial community within the human body (4). It plays a vital role in numerous physiological processes, such as the absorption of nutrient metabolites, immune system regulation, supporting of blood cell formation, and influencing neurobehavioral characteristics (5, 6). Recent research indicates that the gut microbiota significantly impacts the development, treatment response, and overall progression of various cancers, particularly through its interactions with the tumor microenvironment (7). The microbiota could influence the bone marrow microenvironment by generating bioactive metabolites such as short-chain fatty acids (SCFAs). These SCFAs have the potential to inhibit nuclear factor kappa-light chain enhancer of activated B cells (NF-κB), interleukin-6 (IL-6), and tumor necrosis factor alpha (TNF-α), while potentially promoting an increase in IL-10, T helper 17 cells, and Th1 cells (8). Recent evidence suggests that the microbiota plays a role in the progression of MM by promoting inflammation. Notably, certain microorganisms, such as Streptococcus and Klebsiella, which possess nitrogen-reusing capabilities, were found to be significantly elevated in MM patients and contributed to disease progression when compared to healthy individuals (9). Additionally, a previous study proposed that the presence of Th17 cells in the intestinal tract, facilitated by Prevotella heparinolytica, may enhance their migration to the bone marrow, thereby potentially contributing to the advancement of MM (10).

Although a cure for MM remains elusive for most individuals, ongoing advancements in treatments have shown promise in extending lifespan, and a specific subset of patients may even achieve a cure. Recent studies indicate that dietary habits and lifestyle factors can significantly impact the health and longevity of individuals with MM (11). The gut microbiota plays a crucial role in the absorption and metabolism of dietary nutrients. By modifying the microbiota, metabolome, and immune microenvironment through a beneficial dietary pattern, outcomes in plasma cell disorders, such as progression and survival rates, can be improved while reducing toxicities and comorbidities. Consumption of a nutritionally balanced diet has the potential to improve the composition and diversity of the gut microbiota by increasing the abundance of SCFA generators and reducing the presence of nitrogen-producing and bile-tolerant bacteria. This modulation of the gut microbiota may have implications for slowing the progression of MM (12). However, the relationship between the gut microbiota and MM is still not fully understood.

To investigate the association between exposures and outcomes, Mendelian randomization (MR) is increasingly being utilized as a method to integrate summary data from genome-wide association studies (GWAS). The primary advantage of MR in establishing causality is its capacity to generate instrumental variables (IVs) for exposure by leveraging single nucleotide polymorphisms (SNPs) (13). Consequently, the influence of common confounding factors on the association between genetic variations and outcome is minimized (14). Based on these principles, our initial approach involved a comparative analysis using data from the MiBioGen and FinnGen databases to elucidate the causal link between gut microbiota and MM.



2 Materials and methods


2.1 Study overview

In order to ensure the accuracy of the findings, this study is based on three key assumptions derived from previous research: ① the independent variables (IVs) exhibit a significant correlation with the exposure; ② the IVs are unaffected by any confounding factors; and ③ only exposure to the IVs has an impact on the outcome. These assumptions were cited in the study. The study design adhered to the guidelines provided by two example MR studies (14), as depicted in Figure 1 outlining the analytical framework.
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FIGURE 1
 Study overview.




2.2 Gut microbiota and multiple myeloma data source

The genetic variations of gut microbial species, specifically SNPs data, were sourced from the largest meta-genome-wide association study on human gut microbiota, known as MiBioGen.1 The dataset comprised 18,340 individuals and encompassed 211 taxa from 24 cohorts spanning Europe, North America, and East Asia. To conduct the mapping analysis of microbial quantitative trait loci (mbQTL), adjustments were made for age, gender, study-specific covariates, and genetic principal components (15). For our primary analysis, we utilized the GWAS data for MM obtained from the FinnGen consortium which encompassed 598 MM cases and 218,194 controls without the disease. This publicly accessible data can be accessed on the website.2



2.3 Genetic instrument variables selection

The accuracy of causal inferences heavily relies on selecting appropriate IVs. Subsequently, SNPs for each taxon underwent filtration through a series of steps: SNPs with GWAS (p < 1 × 10−5) were retained for sensitivity analysis. To prevent linkage disequilibrium among selected IVs, two uncorrelated SNPs (with LD r2 < 0.01 and clumping distance of 1,000 kb) were chosen, ensuring that all SNPs are strongly and independently predicted exposures from the published GWAS at genome-wide significance (16). For consistency, gut microbiota and MM GWAS findings were aligned by matching their respective versions and genetic variations. SNPs absent in the outcome dataset were substituted with Proxy-SNPs that exhibited LD r2 > 0.8. Additionally, incompatible or palindromic SNPs with intermediate allele frequencies were eliminated. To mitigate the impact of unreliable instruments, we evaluated the F and R2 measurements of each SNP to investigate its influence on gut microbiota using the subsequent equation: F = [R2 × (N − 2)]/(1 − R2), R2 = [2 × β2 × EAF × (1 − EAF)]/[2 × β2 × EAF × (1 − EAF) + 2 × SE2 × N × EAF × (1 − EAF)]. In this context, N and EAF represent the sample size and the frequency of the effect allele, respectively. SNPs were assessed using F-statistics, and those with F values exceeding 10 were disregarded (17).



2.4 Analysis of Mendelian randomization and sensitivity analysis

The “TwoSampleMR” (version 0.5.7) packages in R (version 23.6.1) were utilized for conducting Mendelian randomization analyses. Each bacterial taxa present in the gut microbiota was treated as a distinct exposure event. The primary analysis in this study employed IVW to assess potential causal effects of each phenotype on MM risk. Under the assumption of no horizontal pleiotropy, the IVW method provides unbiased outcomes. Furthermore, various sensitivity analyses were conducted to address potential horizontal pleiotropy, including MR-Egger, weighted median, and Mendelian Randomization Pleiotropy Residual Sum and Outlier (MR-PRESSO). The MR-Egger intercept test was applied to assess horizontal pleiotropy, assuming independence between horizontal pleiotropic effects and genetic variant-exposure relationships. A significance level below 0.05 indicates horizontal pleiotropy. The weighted median approach, which selects the median MR estimate as the causal estimate, was used to evaluate the presence of pleiotropy across multiple genetic variants (18). The MR-PRESSO global test was employed to detect outliers and correct for overall horizontal pleiotropy, ensuring robust MR estimates. In cases of heterogeneity among the instrumental variables, outliers were identified and removed for further MR analysis. If inconsistencies were observed in the estimated causal effects for a specific trait, instrumental variables were reassessed using a more stringent genome-wide significance threshold (19). To evaluate potential variability, Cochran’s Q statistics were utilized in the IVW method, Additionally, a leave-one-out analysis was conducted to identify and remove any potential outliers that may have an independent influence on the observed causal association. To address potential confounding variables, an additional search was performed on PhenoScanner3 to investigate the association between the selected SNPs, which exhibited notable MR estimates in this study, and other risk factors for MM, with a particular emphasis on Reticulocyte count and hemoglobin levels (20). After removing SNPs associated with confounders, causal effects were re-evaluated to ascertain their significance. Statistical power calculations for causal effect estimates were performed using a web-based MR power calculation tool, with a power threshold of 0.8 considered appropriate to reject false null hypotheses (21). Reverse MR employs the same data source as forward Mendelian randomization. In this scenario, the exposure is considered to be MM, while the outcome is identified as SNPs strongly associated with gut microbiota (p < 10–4).



2.5 Statistical analysis

The statistical significance of the MR effect estimate was evaluated using the false discovery rate (FDR) and adjusted using the Benjamini–Hochberg procedure. FDR correction was conducted using the q-value procedure, with a threshold of q-value <0.1 to control for false discoveries. A connection between the gut microbiota and MM genera was considered indicative if the p-value was below 0.05 and the q-value was greater than or equal to 0.1 (22). The MR investigation utilized GWAS summary data, which were obtained with ethical approval for each respective GWAS. Published research and publicly available summary data were utilized in this study, and they can be freely downloaded and used without any restrictions as they have been anonymized.




3 Results


3.1 An overview of instrument variables in gut microbiota

Following the implementation of the genome-wide significance criterion (p < 1 × 10−5), the processes including harmonization, LD testing, and F statistic validation were conducted. As a result, a range of 3 to 22 SNPs were identified as proxies for 211 distinct bacterial taxa. Remarkably, all retained SNPs exhibited F values exceeding 10, indicating a significant association between the IVs and their corresponding bacterial taxonomic entities. The pertinent statistical information pertaining to the compiled list of retained SNPs can be found in Supplementary Table S1.



3.2 Associations of gut microbiota on MM

To investigate the impact of Gut microbiota on MM, a series of two-sample MR tests were conducted. The initial findings of the MR analysis, pertaining to the causal relationship between 211 gut bacterial taxa and MM, are presented in Supplementary Table S2 and Supplementary Figure S1. By employing the IVW technique and conducting a sensitivity analysis, seven gut microbiota were identified to have strong causal associations with MM (Figure 2). Additionally, it was observed that the presence of the Eubacterium ruminantium group is positively correlated with an increased likelihood of MM (IVW OR = 1.7, 95% CI 1.21–2.39, p = 0.002).
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FIGURE 2
 Results of the primary IVW analysis. The volcano plot effectively demonstrates the association between 211 gut microbiota and the risk of multiple myeloma. The X-axis represents the beta-value, while the Y-axis represents the logarithmic p-value with a base of 10. Statistical significance is defined as p < 0.05. Notably, the red and blue points on the plot correspond to microbiota genera that pose a risk or provide protection against multiple myeloma, respectively.


The causal connection was further confirmed by the Weighted median analysis, which showed a significant association (OR = 1.81, 95% CI 1.12–2.92, p = 0.016). The Weighted mode, MR-Egger, and Simple mode analyses also consistently supported this finding; however, statistical significance was not always reached or only reached nominal significance (Supplementary Table S3). This suggests that the presence of the Eubacterium ruminantium group could elevate the likelihood of MM. Sensitivity analysis did not reveal any indications of heterogeneity or horizontal pleiotropy.

Moreover, negative correlations between six additional gut microbiota and MM were established based on the IVW analysis, showing nominal significance (p < 0.05, Supplementary Table S3) for these six phenotypes. As depicted in Figure 3, the genus: Dorea (IVW OR = 0.46, 95% CI 0.24–0.86, p = 0.015), genus: Coprococcus1 (IVW OR = 0.47, 95% CI 0.22–1.00, p = 0.049), genus: RuminococcaceaeUCG014 (IVW OR = 0.57, 95% CI 0.33–0.99, p = 0.047), and genus: Eubacterium rectale group (IVW OR = 0.37, 95% CI 0.18–0.77, p = 0.008), as well as the class: Lentisphaeria (IVW OR = 0.62, 95% CI 0.41–0.94, p = 0.026) and the order: Victivallales (IVW OR = 0.62, 95% CI 0.41–0.94, p = 0.026), exhibited a causal inclination towards reducing the risk of MM. No significant reverse causal relationship between gut microbiota and any of the MM SNPs was observed in the reverse-MR analysis. Furthermore, IVs did not exhibit significant heterogeneity or horizontal pleiotropy. The MR analysis underscored the correlation between the presence of MM and the gut microbiota.

[image: Figure 3]

FIGURE 3
 Forest plot of the MR analyses for the associations between gut microbiota genera and risk of periodontitis. CI, confidence interval; MR, Mendelian randomization; OR, odds ratio; SNP, single nucleotide polymorphism; IVW, inverse-variance weighted.




3.3 Sensitivity analysis and pleiotropy identification

Sensitivity analysis was conducted to evaluated the robustness of the MR analysis and to identify potential IVs. The MR-Egger regression did not detect any heterogeneity among the 7 taxa, indicating the absence of horizontal pleiotropy. Furthermore, Cochran’s Q test revealed no heterogeneity, with all p-values above 0.05 (Supplementary Table S3). The forest plots displayed symmetrical results, further confirming the lack of heterogeneity in the data (Supplementary Figure S2). Moreover, the leave-one-out analysis demonstrated that removing any SNP did not significantly impact the outcomes (Supplementary Figure S3). The MR-PRESSO analysis identified no outliers with pleiotropic effects among the 7 taxa related to MM, with a global test p-value >0.05 (Table 1; Supplementary Table S4). Therefore, there was insufficient evidence of horizontal pleiotropy in the correlation between these microorganisms and MM. Additionally, PhenoScanner indicated that none of the 7 taxa had any SNP associated with potential confounding factors (Supplementary Table S5). The FDR corrected p-value is available in Supplementary Table S2. In conclusion, the sensitivity analyses in this study provide compelling evidence supporting a consistent causal relationship between gut microbiota and MM based on our MR analyses.



TABLE 1 Sensitivity analysis for significant and nominal significant estimates.
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4 Discussion

This study is the first to utilize MR in exploring the impact of gut microbiota on MM risk. Using the largest GWAS datasets available, our MR analysis uncovered a significant association between increased abundance of a specific genus Eubacterium ruminantium group and a higher risk of MM development. Furthermore, we identified six other gut microbiota that may potentially exert a beneficial impact on MM. This underscores the considerable contribution of gut microbiota in the progression of MM and offers valuable perspectives for future inquiries. The escalating mortality rate of MM in recent times can be attributed to its propensity to evolve into renal failure as the disease advances. Consequently, comprehending the etiology of MM and implementing proactive interventions to avert its onset assume paramount significance.

The gut microbiota assumes a crucial function in the assimilation and utilization of soluble fiber, fats, proteins, and vitamins. The prognosis of multiple myeloma is directly impacted by the consumption of nutrients. Additionally, in addition to participating in the process of nutrient assimilation, the gut microbiota also plays a role in activating signal transduction pathways, thereby stimulating immunity, and regulating the release of cytokines in intestinal epithelial cells (23). Over the past decade, the survival rate of most MM patients has increased due to the introduction of new substances such as proteasome inhibitors and immunomodulatory drugs, although MM remains largely incurable (24). Growing evidence suggests that changes in gut microbiota can influence cancer development through inflammation and complex host-microbiota interactions (25). However, a definitive causal relationship between gut microbiota and the pathogenesis of MM has yet to be established. Consequently, the findings of our study propose a comprehensive mechanism associated with nutrient preservation and present novel insights for the future treatment of MM.

The MR analysis demonstrated that the ruminantium group presents a potential risk for MM, thereby requiring additional mechanism studies to authenticate its functionality. However, a previous investigation found that the reduction in Eubacterium ruminantium, associated positively with SCFAs and antioxidant markers but negatively with inflammatory cytokines, could enhance the efficacy of chlorogenic acid in preventing alcoholic liver disease through the gut-liver axis (26). Subsequent research uncovered a significant increase in Eubacterium rectale in melanoma patients responding well to anti-PD1 immunotherapy, with higher levels of Eubacterium rectale associated with prolonged survival. The use of Eubacterium rectale significantly improved the effectiveness of anti-PD1 therapy and extended the lifespan of mice with tumors. Additionally, administering Eubacterium rectale resulted in a notable accumulation of NK cells in the tumor microenvironment as reported in reference (27). Eubacterium rectale, a butyrate producer, was found to reduce the incidence of primary gastrointestinal B cell lymphomas in humans while supporting the survival and growth of intestinal B cells (28). Increased effectiveness in treating MM was linked to higher levels of commensal microbiota affecting inflammatory responses through butyrate production. Similarly, better outcomes following hematopoietic stem cell transplantation were associated with increased gut microbiota diversity in individuals with hematologic malignancies. The interconnectedness of these findings suggests that commensal microbiota significantly influences survival rates, susceptibility to infections, disease recurrence, and the occurrence of graft-versus-host disease (GVHD) post-transplantation (29).

Ongoing basic and clinical studies are investigating the relationship between intestinal flora diversity and multiple myeloma. A retrospective study in China analyzed the intestinal microbiome composition and diversity in 40 newly diagnosed MM patients and 17 controls. The study revealed reduced intestinal flora diversity in the MM group compared to healthy controls, with a higher prevalence of butyrate-producing bacteria correlated with advanced MM (23). These findings imply that butyrate-producing bacteria like Eubacterium rectale could potentially help alleviate the harsh effects of chemotherapy, immunotherapy, and radiotherapy by inhibiting pro-inflammatory cytokines. Research also suggests that MM patients with elevated levels of the butyrate-producing bacterium Eubacterium Hallii were more likely to achieve a robust treatment response (30).

In the context of MM studies, the absence of specific microbiota groups was observed. Conversely, in different MR studies, a reverse association between the order: Victivallales and sepsis risk was identified (31). Additionally, a positive correlation has been observed between RuminococcaceaeUCG014 and the risk of asthma (32). A prospective study investigating pre-transplant dietary habits in 30 multiple myeloma patients who underwent autologous stem cell transplantation with melphalan 200 mg/m2 revealed suboptimal consumption of fiber, vegetables, and whole grains in comparison to national dietary recommendations. This dietary pattern may potentially influence the composition of the intestinal microbiome. Moreover, the study corroborated previous research indicating a substantial reduction in gut microbiome diversity following transplantation, particularly in the Ruminococcus genera, and proposed a potential link between these diversity alterations and the administration of intravenous antibiotics for the management of neutropenic fever (33).

The precise mechanisms through which other accumulated bacterial communities identified in the article influence the pathogenesis of MM are currently unknow. Previous research indicates that heightened mitochondrial function may potentially impact a specific microbiota associated with elevated levels of Dorea. Consequently, there was an elevation in the process of fatty acid oxidation, ultimately leading to the potential postponement of the progression of non-alcoholic steatohepatitis (34). The group subjected to the intervention exhibited an augmentation in the proportion of genus: Dorea, which consequently yielded enhancements in symptoms related to depression. Furthermore, the intervention demonstrated favorable impacts on depressive symptoms and induced alterations in the composition of the gut microbiota (35). While no statistically significant difference was observed, observational studies have not definitively established a direct link between the identified gut microbiota and MM progression. Microbiota-related metabolites such as SCFA, butyrate, and NAD+ may act as markers for MM progression, providing valuable insights for future research endeavors.

With the extended lifespan of multiple myeloma (MM) patients, there is growing evidence to examine the impact of dietary and lifestyle factors on the incidence and mortality rates of the disease. Dietary modifications can impact the makeup of the host microbiome, leading to the development of customized nutritional interventions to regulate the gut microbiome. Recent studies exploring the relationship between dietary habits, gut microbiota composition, and metabolic syndrome have indicated that the consumption of an animal-based diet is linked to a decrease in Eubacterium rectale and Ruminococcus bromii, which are involved in breaking down plant-based polysaccharides. Conversely, a plant-based diet has been shown to increase levels of short-chain fatty acids (SCFAs) like acetate and butyrate in fecal samples, while an animal-based diet results in higher concentrations of isovalerate and isobutyrate. Individuals adhering to a plant-based diet have a lower risk of multiple myeloma (MM) compared to those who consume meat (36). Studies suggest that a higher intake of fruits is associated with a reduced likelihood of developing monoclonal gammopathy of undetermined significance (MGUS) and progressing to MM (37). Those following a vegetable-rich diet, especially with cruciferous vegetables, exhibit higher levels of SCFAs, which are linked to a lower MM risk, possibly due to the presence of butyrate-producing bacteria like Eubacterium rectale (38). Whole grains have demonstrated a lower glycemic index and reduced levels of insulin and insulin-like growth factor-1 (IGF-1), both implicated in MM development. Consequently, consumption of a whole-grain diet is connected to a decreased MM risk (39, 40). Some studies suggest that probiotics capable of producing butyrate may enhance gut bacterial diversity and possess anti-inflammatory properties (41, 42). While probiotics are a popular method for modulating the gut microbiome, there is a lack of comprehensive data on the effects of probiotic supplementation in MM patients. Further clinical investigations are essential to thoroughly understand the potential risks and advantages of probiotics on the microbiome as well as MM risk and prognosis. These findings highlight a high level of adaptability, indicating the possibility of reducing the risk of multiple myeloma or improving treatment outcomes. Dysbiosis has been identified as a key characteristic of multiple myeloma, emphasizing the need for comprehensive cohort studies that consider simultaneous assessments of dietary patterns and microbiome compositions.

This research offers numerous benefits. To ascertain the causal relationship between gut microbiota and MM, we conducted a MR analysis. The objective of this analysis was to mitigate the impact of confounding variables and reverse the causation direction, thereby enabling accurate causal inference. The genetic variations of gut microbiota were obtained from the most comprehensive publicly available GWAS meta-analysis, ensuring the reliability and robustness of the instruments employed in our MR analysis. The MR-PRESSO and MR-Egger regression intercept term tests were employed to detect and mitigate any potential occurrence of horizontal pleiotropy. To mitigate bias, a two-sample MR design was utilized, and FDR analysis was conducted (16). When interpreting the findings, it is important to consider the limitations of this study. Despite not meeting the Bonferroni-adjusted significance threshold, the MR analysis conducted in this study aimed to test epidemiologically established associations that are supported by physiological evidence.

Furthermore, it is important to acknowledge that the analysis was based on summary statistics rather than raw data. It is crucial to recognize the study’s limitations, particularly when extrapolating findings to different racial groups due to significant differences in ancestral backgrounds between individuals of European descent (78%) and other ancestries (22%). Population stratification remains a concern, potentially limiting generalizability to non-European populations. To enhance the relevance of future studies, it is advisable to investigate the gut microbiota-MM association in diverse populations from Europe and beyond (31). Incorporating additional genetic variations as instrumental variables during sensitivity analyses is recommended to identify and address potential horizontal pleiotropy. The SNPs used in the analysis did not meet genome-wide association study significance thresholds (p < 5 × 10−8). FDR correction was employed to minimize the risk of false positives. The reverse MR analysis may have been influenced by weak instrumental bias due to the limited MM dataset sample size, making it impossible to rule out reverse causation entirely. Our study did not encompass all gut microbiota identified in previous research, possibly due to a limited number of genetic loci from GWAS. It is vital to acknowledge that our instrumental variables may not be optimal, potentially reducing the statistical power of our MR study. Increasing the sample size for analysis is essential to address this issue effectively.

In conclusion, this research represents a preliminary exploration of applying Mendelian randomization as a technique to investigate the connections between gut microbiota and MM. Future mechanistic and clinical investigations into the influence of microbiota on MM could derive substantial insights from the results of this study.



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 authors.



Ethics statement

The manuscript presents research on animals that do not require ethical approval for their study.



Author contributions

C-YZ: Writing – original draft, Writing – review & editing. DZ: Conceptualization, Software, Writing – original draft, Writing – review & editing. W-RS: Data curation, Project administration, Writing – review & editing. HT: Funding acquisition, Project administration, Software, Writing – review & editing. BT: Methodology, Software, Writing – review & editing. LH: Formal analysis, Methodology, Writing – review & editing. WH: Data curation, Writing – review & editing. Y-YG: Formal analysis, Writing – review & editing. M-YL: Formal analysis, Writing – review & editing. W-TX: Methodology, Writing – review & editing. SG: Investigation, Writing – review & editing. G-XG: Funding acquisition, Supervision, Writing – review & editing, Writing – original draft.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This work was supported by Shaanxi Provincial Natural Science Research Program (2023-JC-QN-0854) and National Natural Science Foundation of China (82100218).



Acknowledgments

The authors appreciate all the participants and investigators in current study. The authors are grateful to the MiBioGen consortium study for releasing the gut microbiota GWAS summary statistics, and FinnGen consortium for releasing the multiple myeloma GWAS summary statistics.



Conflict of interest

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



Publisher’s note

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



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnut.2024.1400116/full#supplementary-material



Footnotes

1   
https://mibiogen.gcc.rug.nl


2   
https://finngen.gitbook.io/documentation/v/r5/


3   
http://www.phenoscanner.medschl.cam.ac.uk




References

 1. Cowan, AJ, Green, DJ, Kwok, M, Lee, S, Coffey, DG, Holmberg, LA , et al. Diagnosis and management of multiple myeloma: a review. JAMA. (2022) 327:464–77. doi: 10.1001/jama.2022.0003


 2. Minnie, SA, and Hill, GR. Immunotherapy of multiple myeloma. J Clin Invest. (2020) 130:1565–75. doi: 10.1172/JCI129205 

 3. Xia, J, He, Y, Meng, B, Chen, S, Zhang, J, Wu, X , et al. NEK2 induces autophagy-mediated bortezomib resistance by stabilizing beclin-1 in multiple myeloma. Mol Oncol. (2020) 14:763–78. doi: 10.1002/1878-0261.12641 

 4. Almeida, A, Mitchell, AL, Boland, M, Forster, SC, Gloor, GB, Tarkowska, A , et al. A new genomic blueprint of the human gut microbiota. Nature. (2019) 568:499–504. doi: 10.1038/s41586-019-0965-1 

 5. Valdes, AM, Walter, J, Segal, E, and Spector, TD. Role of the gut microbiota in nutrition and health. BMJ. (2018) 361:k2179. doi: 10.1136/bmj.k2179


 6. Ruff, WE, Greiling, TM, and Kriegel, MA. Host-microbiota interactions in immune-mediated diseases. Nat Rev Microbiol. (2020) 18:521–38. doi: 10.1038/s41579-020-0367-2


 7. Cullin, N, Azevedo Antunes, C, Straussman, R, Stein-Thoeringer, CK, and Elinav, E. Microbiome and cancer. Cancer Cell. (2021) 39:1317–41. doi: 10.1016/j.ccell.2021.08.006


 8. Manzo, VE, and Bhatt, AS. The human microbiome in hematopoiesis and hematologic disorders. Blood. (2015) 126:311–8. doi: 10.1182/blood-2015-04-574392 

 9. Jian, X, Zhu, Y, Ouyang, J, Wang, Y, Lei, Q, Xia, J , et al. Alterations of gut microbiome accelerate multiple myeloma progression by increasing the relative abundances of nitrogen-recycling bacteria. Microbiome. (2020) 8:74. doi: 10.1186/s40168-020-00854-5 

 10. Calcinotto, A, Brevi, A, Chesi, M, Ferrarese, R, Garcia Perez, L, Grioni, M , et al. Microbiota-driven interleukin-17-producing cells and eosinophils synergize to accelerate multiple myeloma progression. Nat Commun. (2018) 9:4832. doi: 10.1038/s41467-018-07305-8


 11. Vernocchi, P, Del Chierico, F, and Putignani, L. Gut microbiota metabolism and interaction with food components. Int J Mol Sci. (2020) 21:3688. doi: 10.3390/ijms21103688 

 12. Shah, UA, Parikh, R, Castro, F, Bellone, M, and Lesokhin, AM. Dietary and microbiome evidence in multiple myeloma and other plasma cell disorders. Leukemia. (2023) 37:964–80. doi: 10.1038/s41375-023-01874-4 

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


 14. Bowden, J, and Holmes, MV. Meta-analysis and Mendelian randomization: a review. Res Synth Methods. (2019) 10:486–96. doi: 10.1002/jrsm.1346 

 15. Movassagh, M, Schiff, SJ, and Paulson, JN. mbQTL: an R/Bioconductor package for microbial quantitative trait loci (QTL) estimation. Bioinformatics. (2023) 39:btad565. doi: 10.1093/bioinformatics/btad565 

 16. Ni, JJ, Xu, Q, Yan, SS, Han, BX, Zhang, H, Wei, XT , et al. Gut microbiota and psychiatric disorders: a two-sample Mendelian randomization study. Front Microbiol. (2022) 12:737197. doi: 10.3389/fmicb.2021.737197 

 17. Levin, MG, Tsao, NL, Singhal, P, Liu, C, Vy, HMT, Paranjpe, I , et al. Genome-wide association and multi-trait analyses characterize the common genetic architecture of heart failure. Nat Commun. (2022) 13:6914. doi: 10.1038/s41467-022-34216-6 

 18. Bowden, J, Smith, DG, and Burgess, S. Mendelian randomization with invalid instruments: effect estimation and bias detection through egger regression. Int J Epidemiol. (2015) 44:512–25. doi: 10.1093/ije/dyv080 

 19. Chen, X, Kong, J, Pan, J, Huang, K, Zhou, W, Diao, X , et al. Kidney damage causally affects the brain cortical structure: a Mendelian randomization study. EBioMedicine. (2021) 72:103592. doi: 10.1016/j.ebiom.2021.103592 

 20. Burgess, S
. Sample size and power calculations in Mendelian randomization with a single instrumental variable and a binary outcome. Int J Epidemiol. (2014) 43:922–9. doi: 10.1093/ije/dyu005 

 21. Fox, N, and Mathers, N. Empowering research: statistical power in general practice research. Fam Pract. (1997) 14:324–9. doi: 10.1093/fampra/14.4.324 

 22. Verbanck, M, Chen, CY, Neale, B, and do, R. Detection of widespread horizontal pleiotropy in causal relationships inferred from Mendelian randomization between complex traits and diseases. Nat Genet. (2018) 50:693–8. doi: 10.1038/s41588-018-0099-7


 23. Zhang, B, Gu, J, Liu, J, Huang, B, and Li, J. Fecal microbiota taxonomic shifts in Chinese multiple myeloma patients analyzed by quantitative polimerase chain reaction (QPCR) and 16S rRNA high-throughput sequencing. Med Sci Monit. (2019) 25:8269–80. doi: 10.12659/MSM.919988


 24. Roy, M, Liang, L, Xiao, X, Peng, Y, Luo, Y, Zhou, W , et al. Lycorine downregulates HMGB1 to inhibit autophagy and enhances bortezomib activity in multiple myeloma. Theranostics. (2016) 6:2209–24. doi: 10.7150/thno.15584 

 25. Honda, K, and Littman, DR. The microbiota in adaptive immune homeostasis and disease. Nature. (2016) 535:75–84. doi: 10.1038/nature18848


 26. Zhu, H, Jiang, W, Liu, C, Wang, C, Hu, B, Guo, Y , et al. Ameliorative effects of chlorogenic acid on alcoholic liver injury in mice via gut microbiota informatics. Eur J Pharmacol. (2022) 928:175096. doi: 10.1016/j.ejphar.2022.175096 

 27. Liu, N, Chen, LH, Yan, MJ, Tao, Q, Wu, J, Chen, J , et al. Eubacterium rectale improves the efficacy of anti-PD1 immunotherapy in melanoma via l-serine-mediated NK cell activation. Research. (2023) 6:0127. doi: 10.34133/research.0127


 28. Lu, HY, Xu, XQ, Fu, D, Gu, Y, Fan, R, Yi, H , et al. Butyrate-producing Eubacterium rectale suppresses lymphomagenesis by alleviating the TNF-induced TLR4/MyD88/NF-κB axis. Cell Host Microbe. (2022) 30:1139–1150.e7. doi: 10.1016/j.chom.2022.07.003 

 29. Pianko, MJ, and Golob, JL. Host-microbe interactions and outcomes in multiple myeloma and hematopoietic stem cell transplantation. Cancer Metastasis Rev. (2022) 41:367–82. doi: 10.1007/s10555-022-10033-7 

 30. Pianko, MJ, Devlin, SM, Littmann, ER, Chansakul, A, Mastey, D, Salcedo, M , et al. Minimal residual disease negativity in multiple myeloma is associated with intestinal microbiota composition. Blood Adv. (2019) 3:2040–4. doi: 10.1182/bloodadvances.2019032276 

 31. You, JY, Bi, XG, Zhang, KX, Xie, D, Chai, Y, Wen, S , et al. Causal associations between gut microbiota and sepsis: a two-sample Mendelian randomization study. Eur J Clin Investig. (2023) 53:e14064. doi: 10.1111/eci.14064


 32. Fernández, MJ, Usandizaga, N, and Porras, D. Enhanced mitochondrial activity reshapes a gut microbiota profile that delays NASH progression. Hepatology. (2023) 77:1654–69. doi: 10.1002/hep.32705 

 33. D’Angelo, C, Sudakaran, S, Asimakopoulos, F, Hematti, P, El-Gamal, D, Safdar, N , et al. Perturbation of the gut microbiome and association with outcomes following autologous stem cell transplantation in patients with multiple myeloma. Leuk Lymphoma. (2023) 64:87–97. doi: 10.1080/10428194.2022.2131410 

 34. Wang, RH, Cai, YY, Lu, WC, Zhang, R, Shao, R, Yau, SY , et al. Exercise effect on the gut microbiota in young adolescents with subthreshold depression: a randomized psychoeducation-controlled trial. Psychiatry Res. (2023) 319:115005. doi: 10.1016/j.psychres.2022.115005 

 35. Tan, JS, Yan, XX, Wu, Y, Gao, X, Xu, XQ, Jiang, X , et al. Rare variants in MTHFR predispose to occurrence and recurrence of pulmonary embolism. Int J Cardiol. (2021) 331:236–42. doi: 10.1016/j.ijcard.2021.01.073 

 36. David, LA, Maurice, CF, Carmody, RN, Gootenberg, DB, Button, JE, Wolfe, BE , et al. Diet rapidly and reproducibly alters the human gut microbiome. Nature. (2014) 505:559–63. doi: 10.1038/nature12820 

 37. Joseph, JM, Tang, L, Hillengass, J, Moysich, K, Landgren, O, Usmani, S , et al. Low intake of fruits and vegetables and high intake of processed meats and juices are associated with risk of MGUS in the National Health and Nutrition Examination Survey (NHANES) database. Blood. (2022) 140:12556–8. doi: 10.1182/blood-2022-167423


 38. Garcia-Mantrana, I, Selma-Royo, M, Alcantara, C, and Collado, MC. Shifts on gut microbiota associated to Mediterranean diet adherence and specific dietary intakes on general adult population. Front Microbiol. (2018) 9:890. doi: 10.3389/fmicb.2018.00890 

 39. La Vecchia, C, Chatenoud, L, Negri, E, and Franceschi, S. Session: whole cereal grains, fibre and human cancer wholegrain cereals and cancer in Italy. Proc Nutr Soc. (2003) 62:45–9. doi: 10.1079/PNS2002235 

 40. Parikh, R, Tariq, SM, Marinac, CR, and Shah, UA. A comprehensive review of the impact of obesity on plasma cell disorders. Leukemia. (2022) 36:301–14. doi: 10.1038/s41375-021-01443-7 

 41. Boesmans, L, Valles-Colomer, M, Wang, J, Eeckhaut, V, Falony, G, Ducatelle, R , et al. Butyrate producers as potential next-generation probiotics: safety assessment of the administration of Butyricicoccus pullicaecorum to healthy volunteers. mSystems. (2018) 3:e00094–18. doi: 10.1128/mSystems.00094-18


 42. Brevi, A, Cogrossi, LL, Lorenzoni, M, Mattorre, B, and Bellone, M. The insider: impact of the gut microbiota on cancer immunity and response to therapies in multiple myeloma. Front Immunol. (2022) 13:845422. doi: 10.3389/fimmu.2022.845422 


Copyright
 © 2024 Zhang, Zhang, Sun, Tang, Tian, Hu, Hu, Gao, Li, Xiao, Gao and Gao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fnut-11-1400116-g003.jpg
Gut Microbiota Methods SNP (N) Odds Ratio (95% CI) OR(95% CI) __p-value

Class

Lentisphaeria VW 8 ] 0620040094 0.03
Weighted median 8 0.540.32-0.93)  0.03

Order

Victivallales VW 8 062041094 003
Weighted median 8 0.540.32-0.94)  0.03

Genus.

Dorea VW 1 0460.24-086)  0.02
Weighted median 11 035(0.15:083)  0.02

Eubacterium ruminantium group VW 18 170020239 0.00
Weighted median 18 1810112292) 002

Eubacterium rectale group VW 9 037018077) 001
Weighted median 9 03900.13-L11) 008

Coprococcus! VW 1 0470.22:1.00) 0,05
Weighted median 11 0.48(0.21-1.12) 0.09

Ruminococeaceae UCGO14 VW 1 0570.33-1.00) 0,05
Weighted median 11 0.48(0.22-1.02) 0.05

05





OPS/images/fnut-11-1400116-t001.jpg
Exposure Egger intercept MR-PRESSO

global test

Genus: Eubacterium ruminantium

=0.045 0432 14.646 0.621 0616
group
Genus: Dorea 0.084 0.183 5.456 0859 0.848
Class: Lentisphaeria 0.601 0599 4.145 0.763 0.804
Order: Victivallales 0.060 0599 4145 0.762 0.809
Genus: Coprococeus 0047 0519 14971 0133 0185
Genus: RuminococcaceaeUCGO14 0.002 0974 8.141 0615 0544

Genus: Eubacterium rectale group ~0.048 0605 6699 0.569 0628





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Causal associations between the gut microbiota and multiple myeloma: a two-sample Mendelian randomization study



		1 Introduction



		2 Materials and methods



		2.1 Study overview



		2.2 Gut microbiota and multiple myeloma data source



		2.3 Genetic instrument variables selection



		2.4 Analysis of Mendelian randomization and sensitivity analysis



		2.5 Statistical analysis









		3 Results



		3.1 An overview of instrument variables in gut microbiota



		3.2 Associations of gut microbiota on MM



		3.3 Sensitivity analysis and pleiotropy identification









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fnut-11-1400116-g001.jpg
Confounding factors

Outcome
Multiple myeloma

Exposure
Gut microbiota

Genetic instruments
SNPs

Exposure: Gut Microbiota Outcome: Multiple Myeloma MR analysis and Sensitivity Analysis

MiBioGen Consortium FinnGen Consortium: 3.1 Mendelian Analysis: IVW, Weighted Median.
(N=18340) 598 MM Cases and 218194 healthy Weighted Mode, MR-Egger, Simple Mode
L1IVS(P<IxI0%) controls 3.2 Horizontal Pleiotropy: MR-PROSSO global test,
1.2 LD clumping(<0.01,1000kb) 2.1 Extract IVs for MM Egger Intercept

1.3 F-statistic>10 2.2 Harmonize the cffect size of IVs on the 3.3 Heterogencity: Cochran Q test

1.4 Proxy SNP identified using LD r2>0.8 exposure and outcome Confounding & direction validation: Phenoscanner






OPS/images/fnut-11-1400116-g002.jpg
—log1o(P Value)

Volcano Plot

n=6 n=1

A

T
v
1]
v

genus. Bubacteriumruminantiumgroup
&
Vo
[

'

# genus. Eubacteriumrectalegrov

AN
'

orderVidivalides
v

genus.Dorea.d. 1997

genus Coprococcusyy/ !
class Lentisphadria s
ik

genis RaminccsoeacseaicGofs T
'

-1.0 0.5 0.0 0.5 1.0
Beta-value

Group
+  Down-regulated
not-significant
4 Up-regulated





OPS/images/cover.jpg
’ frontiers | Frontiers in Nutrition

Causal associations between the
gut microbiota and multiple
myeloma: a two-sample
Mendelian randomization study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Nutrition






