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Background: Follicular helper T (Tfh) cells and follicular regulatory T (Tfr) cells are essential for B cell differentiation, germinal center formation, and humoral immune responses. Immunity and inflammation have been thought to be involved in Parkinson's disease (PD). In this study, we aimed to identify whether circulating Tfh and Tfr (cTfh and cTfr) cells contribute to PD.

Methods: Thirty-nine PD patients and 26 health controls (HCs) were enrolled. The numbers of cTfh (CD4+CXCR5+PD-1+) cells and cTfr (CD4+CXCR5+CD25hiCD127low) cells were analyzed via flow cytometry. The serum concentrations of interleukin (IL)-4, IL-10, IL-21, and transforming growth factor (TGF)-β were examined by cytometric bead array.

Results: The percentage of cTfh cells among CD4+ T cells in PD patients was significantly higher than that in HCs [3.68% (2.64–5.70%) vs. 1.94% (1.32%−2.99%), P < 0.001], while the percentage of cTfr cells among CD4+ T cells in PD patients was slight decreased but without significance [1.05% (0.62–1.54%) vs. 1.3% (0.63–1.90%), P > 0.05]. The percentage of CD19+ B cells in peripheral blood mononuclear cells was significantly lower in PD patients than in HCs [5.35% (4.13–9.38%) vs. 8.68% (5.61–12.93%), P = 0.014]. The serum concentrations of IL-4, IL-10, IL-21, and TGF-β in PD patients did not differ significantly from those in HCs (P > 0.05). There was a positive trend of the correlation between the number of cTfh and the serum IL-4 concentrations in PD patients (P = 0.032, r = 0.353). There was a positive trend of the correlation between the number of cTfr and the serum IL-10 concentrations in PD patients (P = 0.047, r = 0.328), A positive trend of the correlation were found for the serum concentration of IL-21 with H-Y stage (r = 0.356, P = 0.026) and UPDRS-III score (r = 0.347, P = 0.030).

Conclusions: These results indicate that an imbalance of cTfh and cTfr cells may be involved in the chronic progression of PD, and IL-21 may be a biomarker for monitoring the severity of this disease.
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INTRODUCTION

Parkinson's disease (PD), also known as tremor paralysis, is a common neurological degenerative disease in the elderly. The basic pathological changes of PD are the degeneration and loss of dopaminergic neurons in brain substantia nigra. Eosinophilic inclusion bodies appear in the remaining neurons and are called Lewy bodies. Alpha-synuclein (α-syn) is known to be the main structural component of the Lewy bodies (1). In 2003, Braak et al. proposed the Braak staging system for sporadic PD, which divided the pathological changes of PD into six stages according to the pathological diffusion sequence of α-syn (2). This theory provided an anatomical basis for the motor and non-motor symptoms of PD. Some researchers believed that α-syn accumulates in neurons and propagates in a prion-like manner, which is involved in the aggravation of PD (3). However, the detailed mechanism remains unclear.

In 1988, McGeer et al. found that activated microglia were present around the degenerative and necrotic dopaminergic neurons in the brain of PD patients on autopsy (4). Since then, the immune system and inflammation reaction have been considered to play roles in the pathogenesis of PD. Chen et al. injected the IgG extracted from the serum of PD patients into the right substantia nigra area of adult rats and observed obvious dopaminergic neuron loss and microglia infiltration in the injected side compared to the uninjected side (5). This suggests that abnormal pathogenic antibodies may be present in PD patients. Combined with the Braak staging theory, we speculate that abnormally aggregated α-syn may act as an autoantigen to continuously activate the body's autoimmune response, resulting in an immune stress state in the body, which may be one reason for the chronic and persistent progression of PD.

Follicular helper T (Tfh) cells, a special CD4+ T-cell subset, were discovered by Schaerli et al. in 2000. They are derived from the tonsil tissue and localized in the lymphoid follicles. Tfh cells are essential in the differentiation of B cells into high-affinity plasma cells, the formation of germinal centers, and immunoglobulin class switching. They can also maintain the body's long-term humoral immune response (6–8). In contrast, follicular regulatory T (Tfr) cells, which were recently defined, can suppress the reactions of Tfh cells and B cells in the germinal center and inhibit the sustained immune activation state (9, 10). The balance between Tfh and Tfr cells plays an important role in maintaining the body's immune homeostasis. Tfh cells and Tfr cells in the peripheral circulation express the same surface molecules as the respective cell types in lymphoid tissues and have the same functional characteristics. Imbalance of circulating Tfh and Tfr (cTfh and cTfr) cells has been shown in autoimmune diseases such as rheumatoid arthritis (11), myasthenia gravis (12), ulcerative colitis (13), and renal allograft dysfunction (14). To date, few studies have investigated the balance of cTfh and cTfr cells in PD.

In the present study, we measured the levels of Tfh cells and Tfr cells as well as the related cytokines in PD patients. Our results suggest that changes in relative cTfh and cTfr cell numbers may cause an immune responsive state in PD patients, contributing to the pathogenesis of PD.



MATERIALS AND METHODS


Patients

The study was approved by the ethics committee of the First Hospital of Jilin University. Fasting blood samples were obtained from PD patients (n = 39) and age- and gender-matched healthy controls (HCs, n = 26). All subjects provided informed consent according to the Declaration of Helsinki. The enrolled PD patients were diagnosed and treated in the Department of Neurology of the First Hospital of Jilin University during 2017-2018. The disease was evaluated according to the clinical diagnostic criteria for PD put forth by the Movement Disorders Association (MDS) in 2015 (15). The exclusion criteria included recent infection symptoms or suspected infection; usage of any anti-inflammatory drugs (such as NSAIDs), hormones, and immunosuppressants in the past 3 months; autoimmune diseases (such as systemic lupus erythematosus, rheumatoid arthritis, Sjogren's syndrome, myasthenia gravis, multiple sclerosis, etc.); severe digestive, circulatory, endocrine, and hematological disorders; and familial PD. The third part of the Unified Parkinson's Disease Rating Scale (UPDRS-III) (16) and modified Hoehn-Yahr stage scale (H-Y stage) (17) were used to evaluate the motor symptoms and clinical staging of patients. The Non-Motor Symptoms Scale (NMSS) was used to assess the severity of patients' nonmotor symptoms (18). According to H-Y stage, PD patients were divided into two subgroups: stage I-II is early PD, and more than stage II is defined as middle-advanced PD. The demographic and clinical characteristics of the study participants are summarized in Table 1.


Table 1. Demographic and clinical characteristics of enrolled PD patients and HCs.
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Cell Isolation and Flow Cytometry

All participants were taken blood samples at 7–9 am, empty stomach, and adequate sleep time, in the on period of medication. Heparin-anticoagulated whole blood samples were collected to determine the T-cell subsets. Peripheral blood mononuclear cells (PBMCs) were separated within 4 h by density gradient centrifugation with red blood cell lysis buffer (Solarbio, China). Aliquots of 1 × 106 PBMCs were re-suspended in PBS and stained with antibodies at room temperature for 30 min. The antibodies included V500-conjugated anti-CD4 antibody, Alexa Fluor 647-conjugated anti-CXCR5 antibody, PerCP-Cy5.5-conjugated anti-PD-1 antibody, FITC-conjugated anti-CD25 antibody, V451-conjugated anti-CD127 antibody, and PE-conjugated anti-CD19 antibody. After staining, PBMCs were washed three times and analyzed using a BD FACSAria TM II Cell Sorter (BD, USA). The gating strategy was first based on the forward/side scatter, followed by CD4 and CXCR5 positivity. After collection of CD4+CXCR5+ T cells, the frequencies of cTfh (CD4+CXCR5+PD-1+) and cTfr (CD4+CXCR5+CD25hiCD127low) cells were calculated based on PD-1 and CD25/CD127 expression, respectively. The percentage of B cells (CD19+) was also calculated (Figure 1).


[image: Figure 1]
FIGURE 1. Flow cytometry sorting of cTfh, cTfr, and CD19+B cells.




Measurement of Serum IL-4, IL-10, IL-21, and TGF-β Concentrations

Serum samples were collected and stored at −80°C until analysis. The serum concentrations of IL-4, IL-10, IL-21, and TGF-β were determined by cytometric bead array (CBA) with human CBA Flex Sets, according to the manufacturer's protocols (BD, USA).



Statistical Analysis

All data were analyzed using SPSS 22.0 statistical software (SPSS, Inc., USA). The measurement data were tested for normality. For data with a normal distribution, Values are expressed as mean ± standard deviation, and two independent sample t-tests were performed for comparisons. For data with a non-normal distribution, values are expressed as the median (interquartile range), and the Mann-Whitney U test was performed for comparisons. Spearman correlation analysis was performed to identify correlations between variables. P < 0.05 was considered statistically significant.




RESULTS


Characteristics of Enrolled Subjects

A total of 39 patients with PD and 26 age- and gender-matched HCs were recruited. The demographic and clinical characteristics of the subjects are described in Table 1. There were no significant differences in age, gender, or body mass index (BMI) between the PD and HC groups. Compared to the patients in the early PD group, patients in the middle-advanced PD group had a significantly increased disease duration, H-Y stage, UPDRS-III score, and NMSS score (P < 0.05). The difference of UPDRS-III score between early PD group and middle-advanced PD group were statistically significant [16 (12–20), 95%CI (14, 18) vs. 35 (26–47), 95%CI (26, 47), P < 0.0001, Supplementary Figure 1].



Altered Frequencies of cTfh, cTfr, and B Cells in PD Patients

According to the expression patterns of PD-1 and CD25/CD127, CD4+CXCR5+ cells in the peripheral blood were classified as cTfh (CD4+CXCR5+PD-1+) cells and cTfr (CD4+CXCR5+CD25hiCD127low) cells. Compared to that in HCs, the percentage of CD4+ T cells among lymphocytes was slightly lower in PD patients, but this difference was without statistical significance [32.60% (27.60–41.95%), 95%CI (29.85, 40.10%) vs. 35.65% (26.50–48.4%), 95%CI (29.05, 41.14%), P = 0.703, Figure 2A]. The percentage of cTfh cells among CD4+ T cells was significantly higher in PD patients than in HCs [3.68% (2.64–5.70%), 95%CI (3.30, 5.04%) vs. 1.94% (1.32–2.99%), 95%CI (1.61, 2.37%), P < 0.0001, Figure 2B]. However, there was no significant difference between the early PD group and middle-advanced PD group [3.60% (2.54–5.54%), 95%CI (3.11, 4.50%) vs. 5.04% (2.96–9.54%), 95%CI (2.96, 9.54%), P = 0.138, Figure 2E]. The percentage of cTfr cells among CD4+ T cells appeared to be lower in PD patients than in HCs, but the difference was without statistically significant[1.05% (0.62–1.54%) 95%CI (0.79, 1.30%) vs. 1.3% (0.63–1.90%), 95%CI (0.72, 1.70%), P = 0.366, Figure 2C].
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FIGURE 2. The percentage of cTfh, cTfr and B cells in PD patients and HCs. (A) The comparison of the CD4+ T cells between PD patients and HCs (P > 0.05). (B) The comparison of the cTfh cells between PD patients and HCs. The cTfh cells among CD4+ T cells was significantly higher in PD patients (P < 0.0001). (C) A comparison of the cTfr cells in PD patients and HCs, but it was without significant difference (P > 0.05). (D) A comparison of the CD19+ B cells in PD patients and HCs. The CD19+ B cells significantly lower in PD patients (P < 0.05). (E) The comparison of the cTfh cells between early PD group and middle-advanced PD group (P > 0.05). (F) A comparison of the cTfr cells in early PD group and middle-advanced PD group (P > 0.05).


In our study, we also found that the percentage of CD19+ B cells among PBMCs was significantly lower in PD patients than in HCs [5.35% (4.13–9.38%), 95%CI (4.10, 7.01%) vs. 8.68% (5.61–12.93%), 95%CI(6.49, 11.80%), P = 0.014, Figure 2D]. However, similar to cTfh cells, no significant difference was found between the early PD group and middle-advanced PD group [5.48% (4.10–9.40%), 95%CI (4.37, 8.67%) vs. 5.35% (4.7–7.76%), 95%CI (4.7, 7.76%), P = 0.888, Figure 2F].



Correlations of cTfh Percentage, cTfr Percentage, and cTfh/cTfr Ratio With Clinical Symptoms

No significant correlations were found between the percentages of cTfh cells or cTfr cells in PD patients with patients' age, disease duration, disease severity (UPDRS-III score), or nonmotor symptoms (NMSS) (P > 0.05, Figures 3A–D). However, the cTfh/cTfr ratio in PD patients was significantly higher than that in HCs [4.34 (2.84–6.18), 95%CI (3.21, 5.12) vs. 1.68 (1.05–3.21), 95%CI (1.30, 2.50), P < 0.0001, Figure 3E]. The correlation of the cTfh/cTfr ratio and NMSS in PD patients showed no statistical significance (P = 0.058, Figure 3F).
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FIGURE 3. Correlation analysis of cTfh, cTfr and cTfh/cTfr for clinical symptoms. (A) The correlation analysis of the percentages of cTfh cells in PD patients with disease severity (UPDRS-III score) (P > 0.05). (B) The correlation analysis of the percentages of cTfh cells in PD patients with nonmotor symptoms (NMSS) (P > 0.05). (C) The correlation analysis of the percentages of cTfr cells in PD patients with disease severity (UPDRS-III score) (P > 0.05). (D) The correlation analysis of the percentages of cTfr cells in PD patients with nonmotor symptoms (NMSS) (P > 0.05). (E) A comparison of the cTfh/cTfr cells in PD patients and HCs. The cTfh/cTfr ratio in PD patients was significantly higher than that in HCs (P < 0.0001). (F) The correlation of the cTfh/cTfr ratio and NMSS in PD patients showed no statistical significance (P = 0.058).




Serum Concentrations of IL-4, IL-10, IL-21, and TGF-β in PD Patients

CBA measurements showed that the serum concentrations ofIL-10did not differ significantly between PD patients and HCs [1.76 (1.52–2.37), 95%CI (1.63, 1.98) vs. 1.68 (1.57–1.86), 95%CI (1.61, 1.81), P = 0.278, Figure 4A], the serum concentrations of IL-4 also did not differ significantly between PD patients and HCs [2.17 (1.80–2.36), 95%CI (1.97, 2.25) vs. 2.22 (2.06–2.46), 95%CI (2.11, 2.43), P = 0.172, Figure 4B]. We have not found the significant difference in the serum concentrations of IL-21 between PD patients and HCs [39.55 (35.15–45.21), 95%CI (36.75, 43.88) vs. 42.42 (33.15–47.15), 95%CI (37.38, 45.68), P = 0.588, Figure 4C], we have also not found the significant difference in the serum concentrations of TGF-β between PD patients and HCs [3,545.86 (2,612.3–4,333.03), 95%CI (2,971.69, 3,899.70) vs. 3,580.06 (2,868.06–4,441.79), 95%CI (3,202.30, 3948.81), P = 0.841, Figure 4D].
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FIGURE 4. The concentrations and correlation analysis of IL-4, IL-10, IL-21, and TGF-β in PD patients. (A) The comparison of the IL-10 between PD patients and HCs (P > 0.05). (B) A comparison of the IL-4 in PD patients and HCs (P > 0.05). (C) The comparison of the IL-21between PD patients and HCs (P > 0.05). (D) A comparison of the TGF-β in PD patients and HCs (P > 0.05). (E) The correlation analysis of the serum IL-21 concentrations in PD patients with H-Y stage (P < 0.05). (F) The correlation analysis of the serum IL-21 concentrations in PD patients with UPDRS-III score (P < 0.05).




Correlations of Serum IL-4, IL-10, IL-21, and TGF-β Concentrations With Clinical Symptoms

We also performed correlation analyses to identify significant associations between serum IL-4, IL-10, IL-21, and TGF-β concentrations and clinical symptoms. The results showed no significant correlations between serum IL-4, IL-10, and TGF-β concentrations in PD patients and patients' age, disease duration, disease severity (UPDRS-III score), and nonmotor symptoms (NMSS) (P > 0.05). However, there was a positive trend of the correlation between IL-21 level and H-Y stage (r = 0.356, P = 0.026, Figure 4E), as well as UPDRS-III score (r = 0.347, P = 0.030, Figure 4F).



Correlations of cTfh Percentage and cTfr Percentage With Serum IL-4, IL-10, IL-21, and TGF-β Concentrations in PD Patients

In our study, no significant correlations were found between the serum IL-21 concentrations and the number of cTfh in PD patients (P = 0.801 Figure 5A), however, we found that a positive trend of the correlation between the serum IL-4 concentrations and the number of cTfh in PD patients (P = 0.032, r = 0.353, Figure 5B). There was a positive trend of the correlation between the serum IL-10 concentrations and the number of cTfr in PD patients (P = 0.047, r = 0.328 Figure 5C), however, we didn't found the correlations between the serum TGF-β concentrations and the number of cTfr in PD patients (P = 0.824, Figure 5D).
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FIGURE 5. Correlation analysis of cTfh, cTfr with IL-21, IL-4, IL-10, and TGF-β in PD patients. (A) The correlation analysis of the percentages of cTfh cells with the serum IL-21 concentrations in PD patients (P = 0.801). (B) The correlation analysis of the percentages of cTfh cells with the serum IL-4 concentrations in PD patients (P = 0.032). (C) The correlation analysis of the percentages of cTfr cells with the serum IL-10 concentrations in PD patients (P = 0.047). (D) The correlation analysis of the percentages of cTfr cells with the serum TGF-β concentrations in PD patients (P = 0.824).




Correlations of the Levodopa Dosage With the cTfh Cells and B Cells in PD Patients

We conducted a correlation analysis between the dosage of levodopa and the levels of cTfh cells and B cells in PD patients. There was a negative correlation trend between levodopa dosage and the levels of cTfh cells (P = 0.038, r = −0.356, Figure 6A), and no correlation was found with the levels of B cells (P = 0.713, r = 0.065, Figure 6B). In addition, we compared the cTfh cells and B cells in PD group with and without Levodopa to those in HCs, respectively. In PD with Levodopa group, the percentage of cTfh cells was significantly higher in PD patients (P < 0.0001, Figure 6C), the percentage of CD19+ B cells among PBMCs was significantly lower in PD patients (P = 0.006, Figure 6D). However, in PD without using Levodopa group, though the sample was small we also try to analyze, and the results showed that the cTfh cells was still higher than HCs (P = 0.044, Figure 6E), the percentage of CD19+ B cells among PBMCs was no obvious difference (P = 0.978, Figure 6F).


[image: Figure 6]
FIGURE 6. Correlation analysis of the levodopa dosage in PD patients with the cTfh cells and B cells. (A) The correlation analysis between levodopa dosage and the levels of Tfh cells (P = 0.038), (B) The correlation analysis between levodopa dosage and the levels of B cells (P = 0.713). (C) The comparison of the cTfh cells between PD with levodopa group and HCs (P < 0.0001). (D) The comparison of the B cells between PD with levodopa group and HCs (P = 0.006). (E) The comparison of the cTfh cells between PD without levodopa group and HCs (P = 0.044). (F) The comparison of the B cells between PD without levodopa group and HCs (P = 0.978).





DISCUSSION

As a common neurological degenerative disease in the elderly, PD is a progressive disorder that affects movement. At present, the pathogenesis of PD remains incompletely understood. Mitochondrial dysfunction (19), cell apoptosis (20), ubiquitin-proteasome disorders (21), and oxidative stress (22) are thought to participate in PD pathogenesis. Additionally, immunity and inflammation have been proposed to be involved in PD (23). Chen et al. found that the proportion of CD4+ T cells among lymphocytes in patients with PD is decreased. Th1 cells and Th17 cells are increased significantly in the PD group, and the proportions of Th2 cells and regulatory T cells are decreased significantly (24). Studies have shown that the number of B lymphocytes in the peripheral blood of patients with PD is also decreased (25). Cytokines such as IL-2, IL-4, IL-10, IL-6, TNF-α, and IFN-γ are increased in the peripheral blood of patients with PD (26). In addition, Kim et al. showed that IL-10 concentrations are positively correlated with non-motor symptoms in PD (27). Up to now, studies on inflammation in PD have mainly focused on the detection of pro-inflammatory cytokines, such as TNF-α, IL-1β, IL-6, and IFN-γ, and anti-inflammatory cytokines, such as IL-10 and TGF-β, in the cerebrospinal fluid and peripheral blood of PD patients. Research on immunity in PD has mostly focused on the activation of microglia and astrocytes, and the imbalance of B lymphocytes and T lymphocytes and their subpopulations (28). Little research has been carried out to elucidate the role of humoral immunity in PD. The present study, to our knowledge, is the first to investigate the humoral immunity in PD by measuring the levels of cTfh and cTfr cells, and the related cytokines in PD patients. We found that the percentage of cTfh cells was increased and the percentage of cTfr cells among CD4+ T cells was decreased in PD patients compared to HCs, further analysis showed that the ratio of cTfh/cTfr was elevated, which indicating an activated humoral response state in PD. Furthermore, the concentration of serum IL-21, which is an effector molecular of cTfh cells, was a positive trend of the correlation with the H-Y stage and UPDRS-III score in PD patients, suggesting that IL-21 may be used as a marker to assess the severity of the disease.

Tfh cells can promote the generation of germinal centers, promote differentiation of B cells into plasma cells, and produce antibodies, which play an important role in humoral immune responses. Peripheral circulating Tfh cells express the same surface molecules as Tfh cells in lymphoid tissue and have the same function (29–31). In this study, cTfh cells were detected based on the CD4+CXCR5+PD-1+ expression pattern. Among these markers, PD-1 is a key phenotypic marker of Tfh cells. Due to the wide distribution of PD-1 ligands in the body, PD-1 plays an important role in regulating the immune response (32, 33). In addition, PD-1 on the surface of Tfh cells can also regulate the survival and affinity maturation of memory B cells and plasma cells at the germinal center and promote IL-21 secretion, leading to the production of more antibodies (34). Circulating Tfh cells were shown to be increased in PD patients compared to HCs, suggesting an imbalance of the humoral immune response in PD. It is speculated that this may be due to the continuous α-syn or other pathogenic factors stimulation in PD patients, which induces long-term activation of humoral immunity. Although no significant correlations were found between the percentage of cTfh cells and age, disease course, or disease severity (UPDRS-III) in the PD patients, studies with a large sample are needed for further verification of these results.

Tfr cells exert opposing functions to Tfh cells, inhibiting the formation of germinal centers and the production of antibodies. Although the mechanism is not clear, CTLA-4 and cytokines (IL-21, IL-4, IL-10, and TGF-β) are thought to be involved in the regulatory function of Tfr cells (35–38). The CD4+CXCR5+CD25hiCD127low expression pattern was used to identify cTfr cells. Compared to HCs, the percentage of cTfr cells in PD patients in this study was not significantly altered, but showed a slightly decreasing trend, which suggests a possible decrease in cTfr cells in PD. A reduction of cTfr cells may lead to continuous activation of the humoral immune response, which may be related to the chronic progressive course of PD. The significantly increased cTfh/cTfr ratio in PD patients also confirms the presence of a persistent abnormal immune response in the progressive course of PD.

Consistent with the results of previous studies (25), the proportion of CD19+ B cells in PD patients was significantly reduced compared with that in HCs. T follicular helper cells can promote the differentiation of B cells into memory B cells and plasma cells in the germinal center, and IL-21 can assist this function. Theoretically, B cells will be increased as a response to the above changes in our study. However, beyond our expectation is that the number of CD19+B cells decreased which may be due to the following reasons. Firstly, what we detected in our experiment was the CD19+B lymphocytes in the peripheral blood, other subtype markers of B cells were not detected, which may not fully reflect the overall B cell level. In addition, the accumulation of B cells in the lymph tissues may also lead to this difference. Furthermore, the increase in Tfh cells and the decrease in B cells were inconsistent with normal assumptions in PD, suggesting that there may be other pathophysiological mechanisms participating in the interaction between Tfh cells and B cells in PD, which need further verification.

IL-4 and IL-21 are characteristic cytokines of Tfh cells (39), and research shows that IL-4 may be involved in the degeneration of dopamine neurons in PD (40). IL-10 and TGF-β which produced by Tfr cells can inhibit the response of Tfh cells and B cells in the germinal center (41). In this study, the serum concentrations of IL-4, IL-21, IL-10 and TGF-β were not significantly different between the PD patients and HCs. However, the serum concentration of IL-21 demonstrated a positive trend of the correlation with the severity of the disease in patients with PD. Previous studies have also shown that IL-21 is associated with the severity of diseases such as systemic lupus erythematosus, rheumatoid arthritis, type 1 diabetes, and Sjogren's syndrome (42). Thus, IL-21 may represent a useful biological indicator for monitoring the severity of PD as well as a new target for treatment. In addition, our study also found that the number of cTfh cells was a positive correlation trend with the serum concentration of IL-4 in PD patients, and the number of cTfr cells was a positive correlation trend with the serum concentration of IL-10 in PD patients. The cTfh cells and cTfr cells are positively correlated with their effect factors, which demonstrated their enhanced immunologic activities.

Levodopa has been shown to augment the T-folicular helper cell - B cell interaction in germinal centers (43). To further clarify whether the application of levodopa affects this interaction in our study, we analyzed the changes of cTfh cells and B cells under the administration of levodopa in PD patients. The results showed that there was a negative correlation trend between levodopa dosage and the levels of Tfh cells, and no correlation was found with the levels of B cells. In PD patients with and without Levodopa group, the percentage of cTfh cells was all higher than HCs. Based on the above analysis, there is no sufficient evidence demonstrating that the increase in percentage of cTfh and the decrease in percentage of B cells were surely caused by oral Levodopa. The negative correlation trend between levodopa dosage and the levels of Tfh cells also remind us that whether Levodopa plays a therapeutic role by modulating immune inflammatory response in addition to sole replacement therapy. Further research is needed.



CONCLUSIONS

In summary, the percentage of cTfh cells was significantly increased in PD patients, and the percentage of cTfr cells showed a significant decreasing trend, the cTfh/cTfr ratio was further increased, which suggested a continuously activated humoral response state and may be involved in the chronic progression mechanism of PD. The serum IL-21 concentration was a positive trend of the correlation with the UPDRS-III score and H-Y stage in PD patients, which suggests that IL-21 may be a biomarker for monitoring the severity of PD and a possible target for disease intervention.
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