

[image: image1]
The characteristics and alteration of peripheral immune function in patients with multiple system atrophy












	
	TYPE Original Research
PUBLISHED 13 September 2023
DOI 10.3389/fneur.2023.1223076






The characteristics and alteration of peripheral immune function in patients with multiple system atrophy

Minghui Wang, Zhaofen Yan, Jing Wang, Yujiao Yang, Qinqin Deng, Yixian Han, Liping Zhang, Huajun Yang, Jiali Pan and Mengyang Wang*

Department of Neurology, Sanbo Brain Hospital, Capital Medical University, Beijing, China

[image: image2]

OPEN ACCESS

EDITED BY
Paolo Solla, University Hospital of Sassari, Italy

REVIEWED BY
Yuji Tomizawa, Juntendo University, Japan
 Jacky Ganguly, Institute of Neurosciences, Kolkata (I-NK), India

*CORRESPONDENCE
 Mengyang Wang, mengyangwang@ccmu.edu.cn

RECEIVED 15 May 2023
 ACCEPTED 17 August 2023
 PUBLISHED 13 September 2023

CITATION
 Wang M, Yan Z, Wang J, Yang Y, Deng Q, Han Y, Zhang L, Yang H, Pan J and Wang M (2023) The characteristics and alteration of peripheral immune function in patients with multiple system atrophy. Front. Neurol. 14:1223076. doi: 10.3389/fneur.2023.1223076

COPYRIGHT
 © 2023 Wang, Yan, Wang, Yang, Deng, Han, Zhang, Yang, Pan and Wang. 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.



Objective: Multiple system atrophy (MSA) is a degenerative disease. Immune dysfunction found to play a crucial role in the pathogenesis of this disease in the literature, while the characteristics of peripheral immune function remain unclear. This study aimed to investigate the characteristics and alterations of peripheral immune function in patients with MSA.

Methods: A case–control study was conducted between January 2021 to December 2022 at SanBo Brain Hospital, Capital Medical University, Beijing, China. A total of 74 participants were recruited, including 47 MSA patients and 27 non-MSA participants. Peripheral blood samples were collected from each participant. A total of 29 types of immune cells were measured using the flow cytometry analysis technology. Single-factor analysis and multiple-factor analysis (multiple linear regression models) were performed to determine the differences and risk factors in immune cells between the MSA and non-MSA groups.

Results: Alterations of the count or percentage of CD19+ B lymphocytes and CD3 − CD56+ B lymphocytes in MSA patients were found in this study. The reductions of the count and percentage of CD19+ B lymphocytes were still robust after adjusting for variables of age, gender, body mass index, albumin, and hemoglobin. Furthermore, the reductions in the count and percentage of CD19+ B lymphocytes in the MSA patients were more significant in women and individuals aged 60 years old or above than in the non-MSA participants.

Conclusion: Our findings suggested that MSA patients may be influenced by B lymphocytes, particularly CD19+ cells. Therefore, the reductions in immune cells should be considered in the diagnosis and treatment of MSA. Further studies are warranted to confirm and expand upon these findings.
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GRAPHICAL ABSTRACT
 MSA, multiple system atrophy.



1. Introduction

Multiple system atrophy (MSA) is a rare and devastating neurodegenerative disorder, affecting both the autonomic and motor system (1), which is accompanied by symptoms of parkinsonism, cerebellar ataxia symptoms, pyramidal tract diseases, and other manifestations, first named in 1969 by Graham and Oppenheimer (2). The global epidemiological characteristics of MSA have been extensively studied in recent years. According to a meta-analysis of 58 studies published between 1996 and 2017, the prevalence of MSA ranged from 0.1 to 4.4 per 100,000 individuals worldwide, with the highest prevalence reported in Japan and Europe, and the lowest prevalence in Africa and South America (3, 4). Additionally, the incidence of MSA was found to be higher in men than that in women and was found to increase with age. The median age of onset for MSA was reported to be ~60 years old, while the median survival time after diagnosis was ~6 years (5). Whether the early diagnosis of MSA contributes to a complete cure is unclear, while a combination of simple measures and medications can help alleviate symptoms. However, the early diagnosis of MSA remains challenging due to the heterogeneity of its clinical presentation and the lack of specific biomarkers. Therefore, further research is needed to better understand the etiology and pathophysiology of MSA and to develop effective diagnostic and therapeutic strategies.

Although the exact etiology of MSA is still unclear, increasing evidence suggested that immune dysfunction probably plays a crucial role in the pathogenesis of this disease. In recent years, alterations of immune function in MSA have been reported, including the activation of glial cells, the dysregulation of cytokine levels, and the abnormal aggregation of alpha-synuclein protein (6). T lymphocytes are all involved in the pathogenesis (7), which can cross the blood–brain barrier to secrete lymphokine involved in MSA (8, 9). Furthermore, the detailed panoramic immune function changes in patients with MSA are not yet fully understood, particularly peripheric immune cells. Therefore, more global or systemic approaches are needed, which is necessary to reveal the immune function changes in MSA patients, and they further can provide a basis for identifying the etiology and developing potential therapeutic targets. In addition, there were several shared genetics (e.g., C7 gene) of MSA and inflammatory bowel disease (10), which indicated that the study of MSA immune function alteration probably also has implications for inflammatory bowel disease. This case–control study enrolled 74 participants to reveal the peripheric immune function alteration in patients with MSA and related influencing factors, which would provide a better understanding of the immune pathogenesis of MSA and a basis for exploring treatment targets and influencing factors.



2. Materials and methods


2.1. Study design and population

This case–control study enrolled patients diagnosed with MAS according to the diagnostic criteria of MSA (11) between January 2021 to December 2022 at SanBo Brain Hospital, Capital Medical University, Beijing, China, which is a hospital specializing in the treatment of neurological diseases. The participants of the non-MSA group were selected from individuals who were without health problems. The participants were screened based on the following criteria: (a) 18 years old or above; (b) not with autoimmune, inflammatory conditions, recent vaccination, immunomodulatory medication, or taking medicine affecting immune function; (c) diagnosed with MSA (MSA group) or non-MSA (non-MSA group) based on the diagnostic criteria; and (d) no history of using anti-inflammatory drugs 3 months before enrollment. The MSA patients were diagnosed based on the diagnostic criteria (11), which was widely applied globally. Briefly, the diagnostic criteria for MSA include the presence of autonomic dysfunction, symptoms of parkinsonism, and cerebellar ataxia, with a combination of supportive features, such as rapid disease progression, poor response to levodopa, and the presence of specific neuropathological findings. The information on the equivalent daily dose of levodopa (LEDD) dose was also collected for MSA patients. The participants in the non-MSA group were disease free and were the individuals who went to the hospital for routine health examinations. The demographic information [sex, age, and body mass index (BMI)] was extracted from the medical record management system. The variable of age was divided into ≤ 60 years old and >60 years old. The research project was approved by the Medical Ethics Committee of the National Center for SanBo Brain Hospital, Capital Medical University. All participants included in this study were written informed prior to enrollment consent. The Declaration of Helsinki and its amendments were followed in this study.



2.2. Indicators detection

Upon enrollment, venipuncture blood samples were collected from each participant by trained nurses. The albumin and hemoglobin were detected by laboratory professionals from Sanbo Brain Hospital, Capital University. The albumin category can be divided into normal (35–50 g/L) and abnormal (<35 or >50 g/L), while the hemoglobin category can also be divided into normal (male: 120–160 g/L, female: 110–150 g/L) and abnormal (male: <120 g/L, female: <110 g/L). Flow cytometry analysis (Beckman Coulter Flow Cytometer, USA) was used to measure the 29 peripheral immune cells within 4 h. The antibodies were purchased from BioLegend and Invitrogen. Briefly, the measurement method for immune function indicators included several steps, such as dye, antibody reaction, incubation, and cleanout. The procedure of each experiment was confirmed according to the instructions of each manufacturer. Cells were analyzed by the Beckman Count Flow Cytometer. The test for the 29 kinds of immune cells, including leukocyte (WBC), neutrophilic granulocyte percentage (%NEUT), lymphocyte percentage (%LYMPH), mononuclear leucocyte percentage (%MONO), neutrophil count (#NEUT), lymphocyte count (#LYMPH), monocyte count (#MONO), percentage of total T lymphocytes (CD3), percentage of total B lymphocytes (%CD19+), NK cell percentage (CD3−CD56+), percentage of NK-T cells (CD3+CD56+), percentage of helper T cells (CD3+CD4+), percentage of killer T cells (CD3+CD8+), percentage of helper/killer T cells (CD3+CD4+/CD3+CD8+), percentage of CD4+ initial T cells (CD4+CD45RA+), CD4+ effect and memory T cell percentage (CD4+CD45RO), CD8+ effect and memory T cell percentage (CD8+CD45RA+), CD8+ effect and memory T cell percentage (CD8+CD45RO), programmed death receptor 1 percent (PD1+), regulatory CD4+T cell percentage (CD4+CD25+CD127−), total T lymphocyte count (CD3+), total B lymphocyte count (#CD19+), NK cell count (CD3−CD56+), helper T cell count (CD3+CD4+), killer T cell count (CD3+CD8), CD4+ initial T cell count (CD4+CD45RA+), CD4+ effect and memory T cell count (CD4+CD45RO+), CD8+ initial T cell count (CD8+CD45RA+), and CD8+ effect and memory T cell count (CD8+CD45RO+), was conducted by Beijing Aokanghua Medical Laboratory Company.



2.3. Statistical analysis

The demographic characteristics and immune function variables were entered into Epidata 3.1 software. Double entry and logical checks were performed to ensure data accuracy. Statistical analyses were performed using SPSS 24.0 software for Windows 10. The continuous variables were tested for normality using the Shapiro–Wilk test. Mean ± standard deviation (SD) was used to express normally distributed data, while median (M) (P25, P75) was used to express skewed data. The categorical variables were expressed as n (%). Student's t-test and Wilcoxon rank-sum test were performed to compare the mean and median for continuous variables between the MSA and non-MSA groups, respectively, while the chi-square (χ2) test (including Fisher's exact probability method) was used in the categorical variables. The multiple linear regression model was performed to determine the difference in all 29 indicators for immune function between the MSA and non-MSA groups with age (≤ 60 years old and >60 years old), gender (male and female), BMI, albumin, and hemoglobin adjusted. Furthermore, to examine whether the results were robust enough to change the parameters, the subgroup analysis was performed to find high-risk groups. All statistical analyses were two-tailed, and statistical significance was defined as a p-value of <0.05.




3. Results


3.1. Characteristics of participants

A total of 74 participants were included in this study, while the characteristics for demographic, albumin, and hemoglobin are shown in Table 1, including 39 (52.7%) males and 35 (47.3%) females. The age of the participants ranged from 30 to 84 years old. The average age of participants in MSA and non-MSA was (58.83 ± 7.97) and (53.07 ± 11.47) years old, respectively. The majority of participants were <60 years old (64.9%). Among all the 74 participants enrolled in this study, 47 (63.5%) participants were at MSA status (MSA group), including 35 MSA-C and nine MSA-P, while 27 (36.5%) were at non-MSA status (non-MSA group). The average disease duration of MSA was (3.64 ± 1.92) years. A majority of MSA patients [41 (87.2%)] did not take LEDD, while the rest of the patients took LEDD at an average dose of 300 mg/day. Among all the participants, 26 males (66.7%) and 21 females (60.0%) were at MSA status, and the proportion of sex between the MSA and non-MSA groups was without significant difference (p > 0.05). The weighted proportions of MSA in <60 years and >60 years old were 43.8 and 23.1%, respectively (p > 0.05).


TABLE 1 Demographic characteristics across MSA status.
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3.2. Immune function of the MSA and non-MSA groups

Overall, 29 kinds of peripheric immune cells were detected among the 74 participants, which are shown in Table 2. No significant differences were observed in the most (26 kinds) of cells, including WBC, %NEUT, %LYMPH, %MONO, #NEUT, #LYMPH, #MONO, CD3, CD3+CD56+, CD3+CD4+, CD3+CD8+, CD3+CD4+/CD3+CD8+, CD4+CD45RA+, CD4+CD45RO, CD4+CD45RA, CD8+CD45RO, PD1+, CD4+CD25+CD127−, CD3+, CD3−CD56+, CD3+CD4+, CD3+CD8, CD4+CD45RA+, CD4+CD45RO+, CD8+CD45RA+, and CD9+CD45RO+, while significant differences were observed in %CD19+, CD3−CD56+, and #CD19+ peripheric immune cells between the MSA and non-MSA groups (p < 0.05). The mean ±SD of CD19+ of participants was (8.05 ± 3.62) and (11.44 ± 3.87) in the MSA and non-MSA groups, respectively. The MSA group had a higher proportion (16.56 ± 9.30) of CD3−CD56+ than that of the non-MSA group (12.28 ± 7.59). The count of CD19+ in the MSA group (147.13 ± 76.77) count/μl was lower than that in the non-MSA group (228.94 ± 98.06) count/μl. Furthermore, the immune function was classified into categorical variables (normal and abnormal values). The abnormal rate of 29 indicators was compared between the MSA and non-MSA groups, which showed no significant differences in all the immune cells (p > 0.05; Supplementary Table S1). These results indicated that MSA status could be associated with the levels of immune cells although the alteration was light.


TABLE 2 Peripheric immune evaluation of the MSA and non-MSA groups by a numerical variable.
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As shown in Table 3, after adjusting for parameters of age, sex, BMI, albumin, and hemoglobin, multiple linear regression analysis was performed. All the variance inflation factors (VIF) were less than 10, which indicated that the correlation of the variables was acceptable. The results showed that MSA status was negatively associated with %CD19+ [β = −3.100, 95% CI (−5.150, −1.050)] and #CD19+ [β = −53.760, 95% CI (−98.520, −9.001)]. The %CD9+ and #CD9+ reduced by 30% (3.39%) and [81.81 (count/μl)] in the MSA group compared with those in the non-MSA group (Tables 2, 3). However, the correlations (r) of disease duration of MSA with %CD19+ and #CD19+ were 0.079 and 0.160 (both p > 0.05), respectively.


TABLE 3 Estimated of MSA group on immune evaluation compared to the non-MSA group.
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3.3. Subgroup analysis

The subgroup analysis between immune function and MSA is shown in Figure 1 and Supplementary Table S2. Regardless of subgroups, MSA was negatively associated with immune function indicators of %CD19+ and # CD19+. The effects of MSA on %CD19+ were more significant in participants who were females [β = −3.630, 95% CI (−6.919, −0.340)] and older than 60 years old [β = −5.486, 95% CI (−9.062, −1.911)], while the effects on #CD19+ were more significant in participants who were males [β = −56.255, 95% CI (−131.124, −18.614)] and younger than 60 years old [β = −64.491, 95% CI (−133.487, −4.804)].


[image: Figure 1]
FIGURE 1
 Forest plot of immune function indicators across MSA with subgroups. OR, odds ratio; CI, confidence interval. %CD19, percentage of total B lymphocytes (A). #CD19, total B lymphocytes count (B). Variables of sex, age, BMI, albumin, and hemoglobin, were adjusted in the model.





4. Discussion

The present study aimed to investigate the peripheric immune function alterations among patients with MSA and further aimed to explore the possible risk factors. The results showed that MSA patients had significantly different levels of peripheric immune function indicators compared to healthy non-MSA participants. In particular, the CD19+ B lymphocyte cells significantly decreased among patients with MSA, which was a major immune cell involved in the adaptive immune response.

The present study findings were consistent with previous studies that have suggested immune dysfunction may act a crucial role in the pathogenesis of MSA (12, 13). The levels of CD3+ and CD4+ T-lymphocytes and CD4+/CD8+ ratios among MSA patients were higher than those of healthy controls, which suggested that peripheral immune activation would probably be related to the prevalence of MSA in the Chinese patient population (14). The activation of glial cells, dysregulation of cytokine levels, and abnormal aggregation of alpha-synuclein protein have been reported to be involved in the immune pathogenesis of MSA (15, 16). The present study provides a more comprehensive understanding of the immune dysfunction in MSA by revealing alterations in the levels of various immune cells. The level of CD3−CD56+NK cells was significantly higher in the MSA patients than that in the non-MSA participants, which indicated that the MSA patients were in a pro-inflammatory status and the anti-inflammatory therapy might be beneficial to MSA (17).

The decreased levels of CD19+ B lymphocyte cells in MSA patients may reflect the impairment of the adaptive immune response in these patients. The adaptive immune response played a critical role in identifying and eliminating foreign pathogens, as well as in controlling the growth and spread of cancer cells (18, 19). The decreased levels of B lymphocyte cells in MSA patients may result in a weakened ability to mount an effective immune response against pathogens or cancer cells. This may contribute to the increased susceptibility of MSA patients to infections and cancer, which have been reported in previous studies (20). A higher neutrophil-to-lymphocyte ratio (NLR) increased the risk of mortality with MSA and predicted short survival in a cohort study, especially in the MSA with cerebellar patients and in men (21).

Recent studies have also implicated regulatory B cells (Bregs) in the pathogenesis of autoimmune diseases (22). Bregs were a subset of B cells that have immunosuppressive properties and were capable of regulating T cell response (23). In MSA patients, it was possible that the decrease in CD19+ B lymphocytes was due to a reduction in Bregs. In addition, the count of lymphocytes reflected the nutritional status predicting the prognosis of many diseases (24, 25), while the nutritional indicators did not have a significant difference between the two groups. Moreover, the autonomic nervous system was reported to influence the distribution of lymphocytes previously, while most patients with MSA exhibited autonomic dysfunction (26). The alterations in neuroregulatory factors in MSA patients probably affect the distribution of immune cells (27, 28). Future studies should investigate the role of Bregs in MSA and determine whether targeting these cells could be a potential therapeutic strategy. Another possible explanation for the decrease in CD19+ B lymphocytes in MSA patients is the involvement of alpha-synuclein (29), a protein that is found in high levels in the brains of MSA patients. Alpha-synuclein has been shown to have immunomodulatory effects and may play a role in regulating B cell populations. It is possible that the accumulation of alpha-synuclein in MSA patients leads to a reduction in CD19+ B lymphocytes. It has been reported that B lymphocytes were involved in the progress of Parkinson's disease (PD), a kind of neurodegenerative disease that shared a similar performance to MSA-P (30). B lymphocytes were also decreased in PD, which was protective in PD (31). While alpha-synuclein was possible to act a role to increase in PD early disease (30–32). Therefore, the role of B lymphocytes and alpha protruding protein in the pathogenesis of MSA probably needs to be focused in future.

The present study also investigated the possible influencing factors of immune dysfunction in MSA patients. The results of this study showed that age and sex were associated with the levels of immune function indicators in MSA patients. Specifically, older age and females were associated with lower counts of CD19+ B lymphocyte cells in MSA patients, while younger age and males were associated with a lower percentage of CD19+ B lymphocyte cells. This suggested that immune dysfunction in MSA may be a progressive process that worsens with age and sex (33, 34).

The present study also had some limitations that should be acknowledged. First, the sample size of this study was relatively small since MSA was a relatively rare disease, which may limit the generalizability of the findings. Second, this study only investigated the peripheric immune function alterations in MSA patients at a single time point, which may not fully reflect the dynamic changes in immune function over time. The subtypes of MSA were not distinguished in this study due to the lack of sufficient participants. Future longitudinal studies with larger sample sizes are needed to confirm the findings of this study and to investigate the dynamic alterations in immune function in MSA patients over time. Third, autoimmune skin diseases, such as bullous pemphigoid, were not found in patients, although studies reported that bullous pemphigoid (BP) was associated with MSA, at a latency of 4–6 years from the MSA onset (35).

In conclusion, the present study revealed alterations in the levels of various immune cells in MSA patients, indicating peripheric immune dysfunction in these patients. The decreased levels of CD19+ B lymphocyte cells probably reflect the impairment of the adaptive immune response.
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