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Objective

The role of different immune cells in autism spectrum disorders (ASD) is still controversial. The purpose of this study was to evaluate the causal effects of different immune cell phenotypes on ASD via Mendelian randomization (MR).





Methods

Datasets of immune cell phenotypes were obtained from the European Bioinformatics Institute, and datasets of ASD were obtained from the IEU Open GWAS project. Single nucleotide polymorphisms were selected based on the assumptions of association, independence, and exclusivity. Inverse variance weighted was utilized as the main method for MR analysis. MR-Egger was employed to assess the horizontal pleiotropy of the results. Cochran’s Q and leave-one-out method were used for heterogeneity analysis and sensitivity analysis of the results, respectively.





Results

MR analysis showed that TD CD8br AC [odds ratio (OR), 1.137; 95% confidence interval (CI), 1.031–1.254; p = 0.010], CD8br %leukocyte (OR, 1.142; 95% CI, 1.067–1.223; p < 0.001), CD8br and CD8dim %leukocyte (OR, 1.117; 95% CI, 1.032–1.210; p = 0.006), naive CD8br %T cell (OR, 1.052; 95% CI, 1.004–1.104; p = 0.035), CD28− CD8dim %T cell (OR, 1.097; 95% CI, 1.038–1.158; p < 0.001), CD127− CD8br AC (OR, 1.086; 95% CI, 1.006–1.171; p = 0.034), CD45 on CD8br (OR, 1.059; 95% CI, 1.021–1.099; p = 0.002), CD3 on HLA DR+ CD8br (OR, 1.098; 95% CI, 1.041–1.158; p < 0.001), CD4 on activated Treg (OR, 1.048; 95% CI, 1.001–1.096; p = 0.046), CD3 on CD39+ resting Treg (OR, 1.070; 95% CI, 1.012–1.131; p = 0.018), IgD+ CD38− %lymphocyte (OR, 1.103; 95% CI, 1.023–1.190; p = 0.011), CD62L− plasmacytoid DC %DC (OR, 1.046; 95% CI, 1.001–1.093; p = 0.046), and FSC-A on plasmacytoid DC (OR, 1.075; 95% CI, 1.003–1.153; p = 0.042) were associated with increased genetic susceptibility to ASD. MR-Egger displayed no horizontal pleiotropy (p ≥ 0.05). Cochran’s Q revealed no heterogeneity of results (p ≥ 0.05). Sensitivity analysis indicated that the results were robust.





Conclusion

This MR analysis revealed 13 immune cell phenotypes associated with increased genetic susceptibility to ASD and emphasized the importance of CD8 T cells and Tregs, which provides new directions for the pathogenesis and drug research of ASD.
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1 Introduction

Autism spectrum disorder (ASD) is a heterogeneous neurodevelopmental disorder characterized by social communication and interaction deficits, restricted interests, and repetitive behaviors (1). An epidemiologic study showed that the global prevalence of ASD is approximately 0.6% (2). With the increasing number of affected individuals, the public health impact of ASD is becoming more prominent (3). It is reported that the annual economic cost of ASD in the United States reached $268 billion in 2015 and is expected to grow to $461 billion by 2025 (4). Despite substantial research funding globally dedicated to ASD-related studies, there is still a lack of specific therapeutic drugs targeting the core features of ASD (5). The pathogenesis of ASD has not yet been fully elucidated. Previous views suggested that it is related to factors such as genetic factors, metabolic disorders, mitochondrial dysfunction, and oxidative stress (6). As research progresses, more and more researchers are recognizing that immune system dysfunction may play an essential role in the pathogenesis of ASD (7). Therefore, understanding the role of immune cells in the pathogenesis or progression of ASD aids in developing cutting-edge diagnostic and therapeutic strategies.

Immune cells, including T cells, B cells, and monocytes, may be involved in the progression of ASD (8). Compared to the healthy population, peripheral blood CD4+ T lymphocytes and Tregs cells are significantly reduced and Th17 cells are significantly increased in ASD patients (9). Further studies have shown that children with ASD have a higher level of CD3+ Ki-67+, CD4+ Ki-67+, CD8+ Ki-67+, CXCR4+ Ki-67+, CXCR7+ Ki-67+, CD45R+ Ki-67+, HLA-DR+ Ki-67+, CXCR4+ GATA3+, and GATA3+ Ki-67+ compared to typically developing individuals (10). Although previous studies have explored the relationship between immune cells and ASD, they have predominantly focused on a few specific immune cells. In addition, since current reports are mainly cross-sectional studies, the causal relationship between immune cells and ASD remains unclear. Therefore, novel and comprehensive methods are necessary to evaluate the impact of different immune cell phenotypes on ASD.

Mendelian randomization (MR) is a research method that uses genetic variation as instrumental variables to evaluate causal effects (11). Compared to traditional epidemiological research methods, MR has the advantage of being less susceptible to reverse causation and confounding variables (12). In this study, we employed MR analysis to investigate the causal effects of 731 immune cell phenotypes on the genetic susceptibility to ASD, aiming to elucidate the immune cells that may be involved in the pathogenesis of ASD.




2 Materials and methods



2.1 Study design

The framework of MR was predicated upon three fundamental assumptions (13), as illustrated in Figure 1. The association assumption necessitated that the single nucleotide polymorphisms (SNPs) were closely associated with the exposure. The independence assumption required that the SNPs were independent of confounding variables. The exclusivity assumption mandated that the SNPs only acted on the outcome through the exposure and not other pathways.




Figure 1 | MR design for immune cell phenotypes on genetic susceptibility to ASD. MR, Mendelian randomization; ASD, autism spectrum disorder.






2.2 Data sources

Data on immune cell phenotypes numbered from GCST0001391 to GCST0002121 were obtained in the European Bioinformatics Institute (www.ebi.ac.uk/) (14). The datasets had 731 immune cell phenotypes containing Treg cells, mature T cells, B cells, natural killer cells, monocytes, and myeloid cells. The datasets of ASD numbered ieu-a-1185, which contained genetic information on 46,351 Europeans, were accessed in the IEU Open GWAS project (gwas.mrcieu.ac.uk/). As the database is open access, additional ethical approvals were not required.




2.3 Genetic instrument selection

First, SNPs closely correlated with each phenotype were identified within the immune cell phenotypes datasets, with a significance threshold set at p < 5×10−6 to fulfill the association assumption. Second, independent SNPs were searched to exclude the interference of linkage disequilibrium with the restriction of R2 < 0.001 and kb = 10,000. Third, SNPs demonstrating strong correlations were identified by setting F > 10 to eliminate the influence of weakly associated variables. The calculation of F was defined as F = [R2/(1 − R2)]*[(N – K − 1)/K], where K represented the number of paired samples, N denoted the total sample size, and R2 signified the cumulative explained variance. Fourth, SNPs with confounding variables were excluded through PhenoScanner and Google Scholar to meet the independence assumption. Fifth, mismatched SNPs were excluded based on the effect allele frequency when adjusting the allele direction of exposure and outcome. Lastly, the MR-pleiotropy residual sum and outlier method (MR-PRESSO) was employed to eliminate significantly biased SNPs (p < 1) to ensure the accuracy of causal inference.




2.4 Data analysis

The STROBE-MR was used as a guiding method (15). R 4.3.1 with the TwoSampleMR (0.5.7) package installed was used to execute the MR analysis procedures. Since it enabled unbiased causal analysis without pleiotropy, inverse variance weighted (IVW) was set as the primary evaluation tool. Weighted median, which was sensitive to outliers, and MR-Egger, which analyzed pleiotropic data, were set as secondary evaluation tools. MR-Egger was also used to analyze horizontal pleiotropy, which was required to meet the exclusivity assumption (p ≥ 0.05). Cochran’s Q and leave-one-out methods were used to analyze heterogeneity and sensitivity, respectively. When p ≥ 0.05, there was no heterogeneity in the results, and the combined effect size was robust when the significant change was not observed.





3 Results



3.1 Two-sample MR analysis

The MR analysis reported that 13 immune cell phenotypes were associated with increased genetic susceptibility to ASD, as shown in Supplementary Table S1. IVW showed that TD CD8br AC [odds ratio (OR), 1.137; 95% confidence interval (CI), 1.031–1.254; p = 0.010], CD28− CD8dim %T cell (OR, 1.097; 95% CI, 1.038–1.158; p < 0.001), CD45 on CD8br (OR, 1.059; 95% CI, 1.021–1.099; p = 0.002), FSC-A on plasmacytoid DC (OR, 1.075; 95% CI, 1.003–1.153; p = 0.042), CD127− CD8br AC (OR, 1.086; 95% CI, 1.006–1.171; p = 0.034), naive CD8br %T cell (OR, 1.052; 95% CI, 1.004–1.104; p = 0.035), CD3 on CD39+ resting Treg (OR, 1.070; 95% CI, 1.012–1.131; p = 0.018), CD3 on HLA DR+ CD8br (OR, 1.098; 95% CI, 1.041–1.158; p < 0.001), CD8br %leukocyte (OR, 1.142; 95% CI, 1.067–1.223, p < 0.001), CD4 on activated Treg (OR, 1.048; 95% CI, 1.001–1.096; p = 0.046), CD62L− plasmacytoid DC %DC (OR, 1.046; 95% CI, 1.001–1.093; p = 0.046), and CD8br and CD8dim %leukocyte (OR, 1.117; 95% CI, 1.032–1.210; p = 0.006), and IgD+ CD38− %lymphocyte (OR, 1.103; 95% CI, 1.023–1.190; p = 0.011) were associated with increased genetic susceptibility to ASD. The forest and scatter plots are shown in Figures 2, 3, respectively. MR-Egger showed no significant horizontal pleiotropy in these results (p ≥ 0.05), as seen in Supplementary Table S2.




Figure 2 | Forest plot of MR analysis for immune cell phenotypes on genetic susceptibility to ASD. MR, Mendelian randomization; ASD, autism spectrum disorder.






Figure 3 | Scatter plot of MR analysis for immune cell phenotypes on genetic susceptibility to ASD. (A) TD CD8br AC on ASD; (B) CD28− CD8dim %T cell on ASD; (C) CD45 on CD8br on ASD; (D) FSC-A on plasmacytoid DC on ASD; (E) CD127− CD8br AC on ASD; (F) naive CD8br %T cell on ASD; (G) CD3 on CD39+ resting Treg on ASD; (H) CD3 on HLA DR+ CD8br on ASD; (I) CD8br %leukocyte on ASD; (J) CD4 on activated Treg on ASD; (K) CD62L− plasmacytoid DC %DC on ASD; (L) CD8br and CD8dim %leukocyte on ASD; (M) IgD+ CD38− %lymphocyte on ASD. MR, Mendelian randomization; ASD, autism spectrum disorder.






3.2 Heterogeneity and sensitivity analysis

Cochran’s Q revealed no heterogeneity in the MR analysis results (p ≥ 0.05), as depicted in Supplementary Table S3 and Figure 4. Sensitivity analysis indicated that the MR analysis results were robust, as shown in Figure 5.




Figure 4 | Funnel plot of MR analysis for immune cell phenotypes on genetic susceptibility to ASD. (A) TD CD8br AC on ASD; (B) CD28- CD8dim %T cell on ASD; (C) CD45 on CD8br on ASD; (D) FSC-A on plasmacytoid DC on ASD; (E) CD127− CD8br AC on ASD; (F) naive CD8br %T cell on ASD; (G) CD3 on CD39+ resting Treg on ASD; (H) CD3 on HLA DR+ CD8br on ASD; (I) CD8br %leukocyte on ASD; (J) CD4 on activated Treg on ASD; (K) CD62L− plasmacytoid DC %DC on ASD; (L) CD8br and CD8dim %leukocyte on ASD; (M) IgD+ CD38− %lymphocyte on ASD. MR, Mendelian randomization; ASD, autism spectrum disorder.






Figure 5 | Leave-one-out sensitive analysis for immune cell phenotypes on genetic susceptibility to ASD. (A) TD CD8br AC on ASD; (B) CD28− CD8dim %T cell on ASD; (C) CD45 on CD8br on ASD; (D) FSC-A on plasmacytoid DC on ASD; (E) CD127− CD8br AC on ASD; (F) naive CD8br %T cell on ASD; (G) CD3 on CD39+ resting Treg on ASD; (H) CD3 on HLA DR+ CD8br on ASD; (I) CD8br %leukocyte on ASD; (J) CD4 on activated Treg on ASD; (K) CD62L− plasmacytoid DC %DC on ASD; (L) CD8br and CD8dim %leukocyte on ASD; (M) IgD+ CD38- %lymphocyte on ASD. MR, Mendelian randomization; ASD, autism spectrum disorder.







4 Discussion

ASD is a persistent and disabling neurodevelopmental disorder and one of the common disorder that threatens children’s health (16). Previous views suggested that changes in immune cell subsets may be related to the occurrence or progression of ASD (17). However, the role of different immune cells in ASD is unclear due to the lack of sufficient experimental basis and clinical evidence. To our knowledge, this is the first MR analysis using large-scale GWAS data as a genetic tool to assess the causal effects of 731 immune cell phenotypes on ASD. The findings indicated that TD CD8br AC, CD8br %leukocyte, CD8br and CD8dim %leukocyte, naive CD8br %T cell, CD28− CD8dim %T cell, CD127− CD8br AC, CD45 on CD8br, CD3 on HLA DR+ CD8br, CD4 on activated Treg, CD3 on CD39+ resting Treg, IgD+ CD38− %lymphocyte, CD62L− plasmacytoid DC %DC, and FSC-A on plasmacytoid DC were associated with increased genetic susceptibility to ASD. These results are deemed credible due to the absence of pleiotropy and heterogeneity.

This MR analysis revealed that TD CD8br AC, CD8br %leukocyte, CD8br and CD8dim %leukocyte, naive CD8br %T cell, CD28− CD8dim %T cell, and CD127− CD8br AC were associated with an increased risk of ASD. TD CD8br AC refers to the absolute count of T lymphocytes with high expression of CD8. CD8br %leukocyte refers to the proportion of cells with high CD8 expression in leukocytes. CD8br and CD8dim %leukocyte refers to the proportion of cells with high CD8 and low CD8 expression in leukocytes. Naive CD8br %T cell represents the proportion of naive T cells with high expression of CD8 among all T cells. CD28− CD8dim %T cells refers to the proportion of T cells with low CD8 expression and no CD28 expression. CD127− CD8br AC refers to the absolute count of cells with high CD8 expression and no CD127 expression. These immune cell phenotypes all use CD8 as the primary marker, indicating that CD8+ T cells may play a pivotal role in the pathogenesis of ASD. CD8+ T cells primarily exert cellular immunity through cytotoxic mechanisms (18). Previous animal experiments have shown that compared to C57BL/6 (B6) mice, BTBR T+ Itpr3tf/J (BTBR) mice, a widely used animal model for autism research, exhibit higher levels of CD8+ T cells in both thymocytes and blood (19, 20). A clinical study in Spain indicated that ASD patients have a higher percentage of CD8+ T cells compared to healthy individuals (21.68% vs. 16.48%) (21). Research in Saudi Arabia has shown that compared with the general population with typical development, the numbers of CD8+ IL-16+, CD8+ TIM-3+, and CD8+ Ki-67+ cells are significantly increased in ASD patients (10, 22, 23). Another retrospective study from Beth Israel Deaconess Medical Center reported increased CD8+T and CD3+T cells infiltration around brain vessels in ASD patients (24). The study also found that the cerebrospinal fluid–glial cell barrier in ASD patients was disrupted and was thought to be related to the increase in cytotoxic T lymphocytes (24). These findings suggest an association between CD8+ T cells and ASD, indicating that TD CD8br AC, CD8br %leukocyte, CD8br and CD8dim %leukocyte, naive CD8br %T cell, CD28− CD8dim %T cell, and CD127− CD8br AC may be potential risk factors for ASD.

CD45 on CD8br refers to CD45 expression with high CD8 expression on the surface of cells. As a receptor-linked protein tyrosine phosphatase, CD45 plays a crucial role in regulating the activation process of T and B cells’ antigen receptors (25, 26). A study in Saudi Arabia revealed that compared with the general population, children with ASD have significantly increased numbers of CD45+ GM− CSF+, CD45+ IFN-γ+, CD45+ IL-6+, CD45+ IL-9+, CD45+ T-bet+, and CD45+ pStat3+ cells (27). Another study from Saudi Arabia indicated that the number of CD45R+ Ki-67+ cells in children with ASD was significantly higher than that in the general population (10). These findings support the association between CD45 and ASD, pointing to CD45 on CD8br as a potential risk factor for ASD.

CD3 on HLA DR+ CD8br means that CD3 is expressed on the surface of cells with HLA DR expression and high CD8 expression. CD3 promotes T-cell activation by tightly binding to T-cell receptors (28). Two studies on Saudi children with ASD showed a significant increase in the number of CD3+TIM-3+ and CD3+Ki-67+ cells in ASD patients compared to typically developing individuals (23). A retrospective study at Beth Israel Deaconess Medical Center also found that in addition to CD8 + T lymphocytes, CD3 + T lymphocytes also dominate the brain tissue of ASD patients (24). HLA DR is one of the human leukocyte antigen class II molecules involved in antigen presentation and immune response (29). A clinical study in Saudi Arabia indicated that children with ASD had significantly increased numbers of HLA-DR+ CD4+, HLA-DR+ CD8+, HLA-DR+ CD28+, HLA-DR+ CXCR4+, and HLA-DR+ CCR7+ cells compared to the general population (30). This study also observed higher HLA-DR+ IFN-γ+, HLA-DR+ IL-21+, and HLA-DR mRNA expression in children with ASD than in the general population (30). Alhosaini K et al. (10) also reported that the number of HLA-DR+ Ki-67+ cells in children with ASD is higher than that in the general population. These pieces of evidence support the association of CD3 and HLA DR with an increased risk of ASD, pointing to the possibility that CD3 on HLA DR + CD8br is a risk factor for ASD.

CD4 on activated Tregs and CD3 on CD39+ resting Tregs are also associated with an increased risk of ASD. CD4 on activated Treg refers to the expression of CD4 on the surface of activated regulatory T cells. CD4+ T cells regulate the activities of other immune cells by secreting different cytokines (31). Animal experiments by Uddin MN et al. (19) demonstrated that BTBR mice had higher levels of CD4+ cells in the blood and spleen compared to B6 mice. A clinical study in Saudi Arabia showed that ASD patients had higher numbers of CD4+ IL-16+, CD4+ TIM-3+, and CD4+ Ki-67+ cells compared to typically developing individuals (10, 22, 24). These findings support the association of CD4+ T cells with ASD. Considering that CD4 on activated Treg is one of the most common subtypes of CD4 T+, it may be involved in the pathogenesis of ASD. CD3 on CD39+ resting Treg refers to the expression of CD3 on the surface of CD39+ resting Treg. The relationship between CD3 and ASD has been discussed above, and CD39 is considered to be a critical factor in regulating immune system balance (32). CD39 has been confirmed to be related to tumors, inflammatory bowel disease, diabetes, and other diseases (33, 34), but there are no reports related to ASD. More research is needed in the future to explore the role of CD39 and CD3 on CD39+ resting Tregs in ASD.

In addition to the immune cell phenotypes described above, our study also revealed that IgD+ CD38− %lymphocyte, CD62L− plasmacytoid DC %DC, and FSC-A on plasmacytoid DC were associated with increased genetic susceptibility to ASD. IgD+ CD38− %lymphocyte is the percentage of lymphocytes that expresses IgD but does not express CD38. CD62L− plasmacytoid DC %DC refers to the proportion of plasmacytoid dendritic cells that do not express CD62L among dendritic cells. FSC-A on plasmacytoid DC refers to the scattering parameter of plasmacytoid dendritic cells. However, there is currently insufficient literature to support the potential connection between IgD+ CD38− %lymphocyte, CD62L− plasmacytoid DC %DC, and FSC-A on plasmacytoid DC with ASD. These associations need to be further elucidated in future research.

Although this MR analysis has enriched the genetic evidence for a causal relationship between immune cell phenotypes and ASD, some limitations remain. First, all data in this study were derived from Europeans; thus, the results only explained the causal effects of immune cell phenotypes on ASD in Europeans. Second, due to the lack of detailed baseline data, this study was unable to perform subgroup analysis based on demographic characteristics or ASD subtypes. Therefore, the applicability of these results to specific populations and ASD subtypes remains unclear. Third, there may be unidentified confounding variables between exposure and outcome, potentially increasing the bias risk of the study results. Fourth, while this MR analysis examined the link between immune cell phenotypes and ASD, it is essential to consider biological mechanisms when interpreting MR results, as relying solely on statistical effect sizes may not yield comprehensive insights. Therefore, we anticipate the following improvements in the future: first, we should keep enriching the GWAS databases to facilitate efforts toward conducting MR studies across different ethnicities and promoting health equity; second, multi-center, large-sample, and stratified clinical studies should be continued to investigate the causal effects between immune cell phenotypes and ASD patients of different races; and third, animal models should be used to explore the causal relationship between 13 immune cell phenotypes and ASD to provide more powerful biological evidence.




5 Conclusion

The MR analysis indicated that TD CD8br AC, CD8br %leukocyte, CD8br and CD8dim %leukocyte, naive CD8br %T cell, CD28− CD8dim %T cell, CD127− CD8br AC, CD45 on CD8br, CD3 on HLA DR+ CD8br, CD4 on activated Treg, CD3 on CD39+ resting Treg, IgD+ CD38− %lymphocyte, CD62L− plasmacytoid DC %DC, and FSC-A on plasmacytoid DC were associated with increased genetic susceptibility to ASD, including CD8+ T cells, Tregs, B cells, and dendritic cells. This finding emphasizes the importance of CD8 T cells and Tregs in ASD and provides a new direction for understanding the pathogenesis and drug research of ASD. However, limited by the amount of evidence, more biological research is needed in the future.





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

YFY: Writing – original draft, Supervision, Conceptualization. XY: Writing – original draft, Methodology, Data curation. GH: Writing – original draft, Formal analysis. YMY: Writing – original draft, Formal analysis. RY: Writing – review & editing, Supervision, Conceptualization.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Discipline Construction Project of Hunan University of Chinese Medicine (22JBZ002).





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.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2024.1397006/full#supplementary-material
















Abbreviations

ASD, autism spectrum disorder; CI, confidence interval; GWAS, genome-wide association study; IVW,  inverse variance weighted; MR, Mendelian randomization; OR, odds ratio; PRESSO, pleiotropy residual sum and outlier; SNPs, single nucleotide polymorphisms.




References

1. Kodak T, Bergmann S. Autism spectrum disorder: characteristics, associated behaviors, and early intervention. Pediatr Clin North Am. (2020) 67:525–35. doi: 10.1016/j.pcl.2020.02.007

2. Salari N, Rasoulpoor S, Rasoulpoor S, Shohaimi S, Jafarpour S, Abdoli N, et al. The global prevalence of autism spectrum disorder: a comprehensive systematic review and meta-analysis. Ital J Pediatr. (2022) 48:112. doi: 10.1186/s13052-022-01310-w

3. Hirota T, King BH. Autism spectrum disorder: A review. JAMA. (2023) 329:157–68. doi: 10.1001/jama.2022.23661

4. Leigh JP, Du J. Brief report: forecasting the economic burden of autism in 2015 and 2025 in the United States. J Autism Dev Disord. (2015) 45:4135–9. doi: 10.1007/s10803-015-2521-7

5. Hellings J. Pharmacotherapy in autism spectrum disorders, including promising older drugs warranting trials. World J Psychiatry. (2023) 13:262–77. doi: 10.5498/wjp.v13.i6.262

6. Thorsen M. Oxidative stress, metabolic and mitochondrial abnormalities associated with autism spectrum disorder. Prog Mol Biol Transl Sci. (2020) 173:331–54. doi: 10.1016/bs.pmbts.2020.04.018

7. Masi A, Glozier N, Dale R, Guastella AJ. The immune system, cytokines, and biomarkers in autism spectrum disorder. Neurosci Bull. (2017) 33:194–204. doi: 10.1007/s12264-017-0103-8

8. Bjorklund G, Saad K, Chirumbolo S, Kern JK, Geier DA, Geier MR, et al. Immune dysfunction and neuroinflammation in autism spectrum disorder. Acta Neurobiol Exp (Wars). (2016) 76:257–68. doi: 10.21307/ane-2017-025

9. Ellul P, Rosenzwajg M, Peyre H, Fourcade G, Mariotti-Ferrandiz E, Trebossen V, et al. Regulatory T lymphocytes/Th17 lymphocytes imbalance in autism spectrum disorders: evidence from a meta-analysis. Mol Autism. (2021) 12:68. doi: 10.1186/s13229-021-00472-4

10. Alhosaini K, Ansari MA, Nadeem A, Attia SM, Bakheet SA, Al-Ayadhi LY, et al. Dysregulation of ki-67 expression in T cells of children with autism spectrum disorder. Children (Basel). (2021) 8:116. doi: 10.3390/children8020116

11. Burgess S, Thompson SG, CRP CHD Genetics Collaboration. Avoiding bias from weak instruments in Mendelian randomization studies. Int J Epidemiol. (2011) 40:755–64. doi: 10.1093/ije/dyr036

12. Ren F, Jin Q, Liu T, Ren X, Zhan Y. Causal effects between gut microbiota and IgA nephropathy: a bidirectional Mendelian randomization study. Front Cell Infect Microbiol. (2023) 13:1171517. doi: 10.3389/fcimb.2023.1171517

13. Davies NM, Holmes MV, Davey Smith G. Reading Mendelian randomisation studies: a guide, glossary, and checklist for clinicians. BMJ. (2018) 362:k601. doi: 10.1136/bmj.k601

14. 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

15. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky J, Davies NM, Swanson SA, et al. Strengthening the reporting of observational studies in epidemiology using mendelian randomization: the STROBE-MR statement. JAMA. (2021) 326:1614–21. doi: 10.1001/jama.2021.18236

16. Baxter AJ, Brugha TS, Erskine HE, Scheurer RW, Vos T, Scott JG. The epidemiology and global burden of autism spectrum disorders. Psychol Med. (2015) 45:601–13. doi: 10.1017/S003329171400172X

17. Basheer S, Venkataswamy MM, Christopher R, Van Amelsvoort T, Srinath S, Girimaji SC, et al. Immune aberrations in children with Autism Spectrum Disorder: a case-control study from a tertiary care neuropsychiatric hospital in India. Psychoneuroendocrinology. (2018) 94:162–7. doi: 10.1016/j.psyneuen.2018.05.002

18. Zhang N, Bevan MJ. CD8(+) T cells: foot soldiers of the immune system. Immunity. (2011) 35:161–8. doi: 10.1016/j.immuni.2011.07.010

19. Uddin MN, Yao Y, Mondal T, Matala R, Manley K, Lin Q, et al. Immunity and autoantibodies of a mouse strain with autistic-like behavior. Brain Behav Immun Health. (2020) 4:100069. doi: 10.1016/j.bbih.2020.100069

20. Uddin MN, Yao Y, Manley K, Lawrence DA. Development, phenotypes of immune cells in BTBR T+Itpr3tf/J mice. Cell Immunol. (2020) 358:104223. doi: 10.1016/j.cellimm.2020.104223

21. López-Cacho JM, Gallardo S, Posada M, Aguerri M, Calzada D, Mayayo T, et al. Characterization of immune cell phenotypes in adults with autism spectrum disorders. J Investig Med. (2016) 64:1179–85. doi: 10.1136/jim-2016-000070

22. Ahmad SF, Ansari MA, Nadeem A, Bakheet SA, Al-Ayadhi LY, Attia SM. Elevated IL-16 expression is associated with development of immune dysfunction in children with autism. Psychopharmacol (Berl). (2019) 236:831–8. doi: 10.1007/s00213-018-5120-4

23. Ahmad SF, Ansari MA, Nadeem A, Bakheet SA, Al-Ayadhi LY, Alotaibi MR, et al. Dysregulation of T cell immunoglobulin and mucin domain 3 (TIM-3) signaling in peripheral immune cells is associated with immune dysfunction in autistic children. Mol Immunol. (2019) 106:77–86. doi: 10.1016/j.molimm.2018.12.020

24. DiStasio MM, Nagakura I, Nadler MJ, Anderson MP. T lymphocytes and cytotoxic astrocyte blebs correlate across autism brains. Ann Neurol. (2019) 86:885–98. doi: 10.1002/ana.25610

25. Altin JG, Sloan EK. The role of CD45 and CD45-associated molecules in T cell activation. Immunol Cell Biol. (1997) 75:430–45. doi: 10.1038/icb.1997.68

26. Al Barashdi MA, Ali A, McMullin MF, Mills K. Protein tyrosine phosphatase receptor type C (PTPRC or CD45). J Clin Pathol. (2021) 74:548–52. doi: 10.1136/jclinpath-2020-206927

27. Ahmad SF, Ansari MA, Nadeem A, Bakheet SA, Al-Ayadhi LY, Alasmari AF, et al. Involvement of CD45 cells in the development of autism spectrum disorder through dysregulation of granulocyte-macrophage colony-stimulating factor, key inflammatory cytokines, and transcription factors. Int Immunopharmacol. (2020) 83:106466. doi: 10.1016/j.intimp.2020.106466

28. Boćko D, Frydecka I. [Structure and function of lymphocyte TCR/CD3 complex]. Postepy Hig Med Dosw. (2003) 57:519–29.

29. Erokhina SA, Streltsova MA, Kanevskiy LM, Grechikhina MV, Sapozhnikov AM, Kovalenko EI. HLA-DR-expressing NK cells: Effective killers suspected for antigen presentation. J Leukoc Biol. (2021) 109:327–37. doi: 10.1002/JLB.3RU0420-668RR

30. Ahmad SF, Ansari MA, Nadeem A, Bakheet SA, Al-Ayadhi LY, Alotaibi MR, et al. Dysregulation of the expression of HLA-DR, costimulatory molecule, and chemokine receptors on immune cells in children with autism. Int Immunopharmacol. (2018) 65:360–5. doi: 10.1016/j.intimp.2018.10.027

31. Luckheeram RV, Zhou R, Verma AD, Xia B. CD4+T cells: differentiation and functions. Clin Dev Immunol. (2012) 2012:925135. doi: 10.1155/2012/925135

32. Zhao H, Bo C, Kang Y, Li H. What else can CD39 tell us? Front Immunol. (2017) 8:727. doi: 10.3389/fimmu.2017.00727

33. Canale FP, Ramello MC, Núñez N, Araujo Furlan CL, Bossio SN, Gorosito Serrán M, et al. CD39 expression defines cell exhaustion in tumor-infiltrating CD8+ T cells. Cancer Res. (2018) 78:115–28. doi: 10.1158/0008-5472.CAN-16-2684

34. Zeng J, Ning Z, Wang Y, Xiong H. Implications of CD39 in immune-related diseases. Int Immunopharmacol. (2020) 89:107055. doi: 10.1016/j.intimp.2020.107055




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.


Copyright © 2024 Yu, Yang, Hu, Yin and Yu. 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.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Causal effects of 731 immune cell phenotypes on autism spectrum disorder: a Mendelian randomization study

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study design

          



          		

            2.2 Data sources

          



          		

            2.3 Genetic instrument selection

          



          		

            2.4 Data analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Two-sample MR analysis

          



          		

            3.2 Heterogeneity and sensitivity analysis

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          Abbreviations

        



        		

          References

        



      



      



    



  



OEBPS/Images/fpsyt-15-1397006-g002.jpg
Exposure Outcome SNPs Method P value OR (95% CI)

TD CD8br AC ASD 7 AW 0.010 —e—i 1.137 (1.031 to 1.254)
TD CD8br AC ASD 7 MR Egger 0.758 r—*—» 1.069 (0.717 to 1.592)
TD CD8br AC ASD 7 Weighted median 0.030 —— 1.145 (1.013 to 1.294)
CD28- CD8dim %T cell ASD 14 A <0.001 m 1.097 (1.038 to 1.158)
CD28- CD8dim %T cell ASD 14 MR Egger 0.217 '—0—' 1.069 (0.967 to 1.182)
CD28- CD8dim %T cell ASD 14 Weighted median 0.034 o 1.083 (1.006 to 1.165)
CD45 on CD8br ASD 9 VW 0.002 »o- 1.059 (1.021 to 1.099)
CD45 on CD8br ASD 9 MR Egger 0.022 A 1.067 (1.022 to 1.115)
CD45 on CD8br ASD 9 Weighted median 0.013 m 1.064 (1.013 to 1.117)
FSC-A on plasmacytoid DC ASD 9 VW 0.042 - 1.075 (1.003 to 1.153)
FSC-A on plasmacytoid DC ASD 9 MR Egger 0.906 n—b—- 1.008 (0.884 to 1.149)
FSC-A on plasmacytoid DC ASD 9 Weighted median 0.357 .4.—. 1.043 (0.953 to 1.141)
CD127- CD8br AC ASD 6 VW 0.034 o 1.086 (1.006 to 1.171)
CD127- CD8br AC ASD 6 MR Egger 0.281 n—o—> 1.253 (0.879 to 1.786)
CD127- CD8br AC ASD 6 Weighted median 0.322 o 1.053 (0.951 to 1.166)
Naive CD8br %T cell ASD 18 Ivw 0.035 Fo- 1.052 (1.004 to 1.104)
Naive CD8br %T cell ASD 18 MR Egger 0.179 ko 1.046 (0.982 to 1.114)
Naive CD8br %T cell ASD 18 Weighted median 0.309 m—' 1.036 (0.968 to 1.109)
CD3 on CD39+ resting Treg ASD 6 VW 0.018 m 1.070 (1.012 to 1.131)
CD3 on CD39+ resting Treg ASD 6 MR Egger 0.475 —_— 1.049 (0.931 t0 1.182)
CD3 on CD39+ resting Treg ASD 6 Weighted median 0.047 H-' 1.067 (1.001 to 1.137)
CD3 on HLA DR+ CD8br ASD 8 Ivw <0.001 o 1.098 (1.041 to 1.158)
CD3 on HLA DR+ CD8br ASD 8 MR Egger 0.127 H—' 1.110 (0.989 to 1.246)
CD3 on HLA DR+ CD8br ASD 8 Weighted median 0.004 o 1.110 (1.033 to 1.191)
CD8br %leukocyte ASD 9 VW <0.001 | e 1.142 (1.067 to 1.223)
CD8br %leukocyte ASD 9 MR Egger 0.308 |——o—> 1.181 (0.878 to 1.588)
CD8br %leukocyte ASD 9 Weighted median 0.005 e 1.143 (1.040 to 1.256)
CD4 on activated Treg ASD 8 Ivw 0.046 w 1.048 (1.001 to 1.096)
CD4 on activated Treg ASD 8 MR Egger 0.016 HO 1.092 (1.037 to 1.150)
CD4 on activated Treg ASD 8 Weighted median 0.021 m 1.072 (1.010 to 1.136)
CD62L~- plasmacytoid DC %DC ASD 8 VW 0.046 b 1.046 (1.001 to 1.093)
CD62L~- plasmacytoid DC %DC ASD 8 MR Egger 0.347 .,._. 1.037 (0.967 t0 1.112)
CD62L- plasmacytoid DC %DC ASD 8 Weighted median 0.063 £ 1.054 (0.997 to 1.115)
CD8br and CD8dim %leukocyte ASD 8 VW 0.006 o 1.117 (1.032 to 1.210)
CD8br and CD8dim %leukocyte ASD 8 MR Egger 0.691 -—0—| 1.064 (0.796 to 1.421)
CD8br and CD8dim %leukocyte ASD 8 Weighted median 0.010 —e—i 1.147 (1.033 to 1.274)
IgD+ CD38- %lymphocyte ASD 10 Ivw 0.011 -8 1.103 (1.023 to 1.190)
IgD+ CD38- %lymphocyte ASD 10 MR Egger 0.312 —_—— 1.107 (0.920 to 1.333)
IgD+ CD38- %lymphocyte ASD 10 Weighted median 0.038 —e—i 1.122 (1.007 to 1.251)

\

1





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fpsyt-15-1397006-g004.jpg
Uty

W

; . 1 y ‘ | | .
B “Ee- - T -

K L M
4 q §






OEBPS/Images/fpsyt.2024.1397006_cover.jpg
’frontiers | Frontiers in Psychiatry

Causal effects of 731 immune
cell phenotypes on autism
spectrum disorder: a Mendelian
randomization study





OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Psychiatry





OEBPS/Images/fpsyt-15-1397006-g001.jpg
Hypothesis2 1 1
e e e + Confounders 1
1 (X) | 1
: | P, Am—-—— 7/
1 //, \\\
1 7 N
1 e Y
1 // \\
1
|

Genetic variants: Hypothe3|s1 Outcome variable:
SNPs related to _'
ASD
Immune cells
Hypothesis3
X

Excluded SNPs:

Data sources:
p=5x106

mmmmm) | R2>0.001, LD distance < 10,000 kb
F<10

GWAS data from GWAS Catalog pubicly available
resource 731 immunophenotypes






OEBPS/Images/fpsyt-15-1397006-g003.jpg
e

e

v

et A oo

gz

-

PO T — [ -

e om0 n ol v o

|

it

e






OEBPS/Images/fpsyt-15-1397006-g005.jpg
R G H R I ST J TR
L






