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Background and objective

Neuromyelitis optica spectrum disorders (NMOSD) are chronical inflammatory demyelinating diseases of the central nervous system (CNS) and the underlying mechanism remains unclear. Several recent studies have demonstrated that T cells play a pivotal role in the pathogenesis of NMOSD.In this study, we investigated CD8+ T cell phenotypes and levels of the cytotoxic protein granzyme B (GzmB), as well as their potential clinical application in NMOSD.



Methods

In this study, 90 peripheral blood samples were collected from 59 NMOSD patients with seropositive anti-aquaporin-4 (AQP4) antibodies and 31 sex- and age-matched healthy donors (HDs). Flow cytometry was used to detect circulating levels of GzmB and CD8+ T cell subpopulations, including naïve (TN, CCD7+CD45RA+), central memory (TCM, CCD7+CD45RA-), effector memory (TEM, CCD7-CD45RA-), terminal differentiation effector memory cells (TEMRA, CCD7-CD45RA+) in both groups. The associations between GzmB levels in CD8+T cells and clinical characteristics of NMOSD were evaluated.



Results

NMOSD patients exhibited significantly decreased proportions of CD8+TN cells and increased proportions of highly differentiated CD8+T cells (TEMRA) compared with HDs. In addition, levels of GzmB in CD8+ T cells were markedly higher in NMOSD patients than in HDs. Moreover, we observed that high proportions of GzmB-expressing CD8+ T cells were more common in patients with a poor response to immunotherapies, and showed a good potential to distinguish poor responders from responders (ACU=0.89). Clinical correlation analysis indicated that high levels of GzmB in CD8+ T cells were not only related to severe disability but also significantly associated with increased serum levels of neurofilament light (NFL) and glial fibrillary acidic protein (GFAP). Multivariate linear regression analyses further suggested that GzmB expression in CD8+ T cells was predominantly associated with disability and immunotherapy effectiveness in NMOSD, independent of the sex, age, and disease phase. Transcription factor T-bet in CD8+ T cells were also significantly elevated in NMOSD and were associated with increasing number of circulating CD8+TEMRA cells and GzmB-expressing CD8+T cells.



Conclusions

Our study support the involvement of GzmB-expressing CD8+ T cells in the inflammatory response in patients with NMOSD and provide a potential biomarker for disease immunotherapy effectiveness and disability progression.
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Introduction

Neuromyelitis optica spectrum disorders (NMOSDs) are inflammatory demyelinating diseases of the central nervous system (CNS) characterized by acute optic neuritis and transverse myelitis (1). Most cases are caused by serum pathogenic anti-aquaporin-4 (AQP4) antibodies that attack astrocytes of the optic nerve and spinal cord. Recurrence and disability rates are high in NMOSD patients, 90% of whom relapse within 3 years, and more than half of patients develop irreversible visual and/or motor disability within 5 years without treatment (2, 3). Numerous studies have shown that conventional immunosuppressants and immunomodulators can reduce the annual relapse rate and risk of disability in NMOSD patients; however, more than one third of patients still experience recurrent attacks and disability progression after immunotherapy (4, 5). Notably, three emerging therapies (eculizumab, satralizumab, and inebilizumab) have been demonstrated to be beneficial in preventing relapse of NMOSD in randomized controlled trials (6). Nevertheless, there is considerable heterogeneity in the response of different individuals to different therapies and a lack of biomarkers for predicting the efficacy of NMOSD drugs. Thus, there is an urgent need to explore the mechanisms underlying the NMOSD and identify new therapeutic targets and biomarkers for predicting disease progression.

T cells play a crucial role in the pathogenesis of NMOSD. Serum autoantibodies against the water channel protein aquaporin-4 (AQP4) are T-cell-dependent antibodies in most NMOSD patients. Autoreactive T cells have been observed in the peripheral blood and within the inflammatory CNS lesions (7–9). Furthermore, animal models have suggested that autoreactive T cells are sufficient to induce NMO-like lesions in the absence of anti-AQP4 antibodies (10), indicating that autoreactive T cells play a pivotal role in NMOSD pathogenesis. Thus, understanding the role of T cells and related cytokines in NMOSD may aid in identifying potential treatment targets and novel biomarkers for predicting disease progression. Previous studies of T cells in NMOSD have mainly focused on CD4+ T cells, while the key role of CD8+ T cells has been largely overlooked. Increasing evidence suggests that cytotoxic CD8+ T cells play an important role in CNS autoimmune diseases including multiple sclerosis (MS), Susac syndrome, and NMOSD (11–13).

In addition to secreting pro-inflammatory cytokines that promote CNS inflammation, cytotoxic CD8+ T cells can also induce target cell death by releasing serine protease granzyme B (GzmB). Previous studies have indicated that cytotoxic CD8+ T cell infiltration in the brain lesions of MS patients mediates axonal injury and neuronal death, and that inhibition of this damage induces neuroprotection in vitro and in vivo (14, 15). Similarly, researchers have observed that suppression of GzmB expression can effectively reduce inflammatory lesions and disease severity in patients with autoimmune skin diseases (16, 17). These findings support the notion that cytotoxic CD8+T cells expressing GzmB promote autoimmune and neurological processes, highlighting their potential as a therapeutic target and biomarker of disease progression. However, the regulatory mechanisms underlying phenotypic differentiation and functional expression of CD8+ T cells remain unclear.

T-bet is a key transcription factor that regulates CD8+ T-cell activation and differentiation (18). In chronic infection, T-bet promotes CD8+ T cell transfer from central memory (TCM) to effector memory (TEM) and terminally differentiated effector memory (TEMRA) cells and sustains virus-specific CD8+ T cell responses, including increases in the expression of cell lysis-related protein (GzmB) and the pro-inflammatory cytokines interferon γ (IFNγ) and tumor necrosis factor α (TNFα) (19, 20). Although the regulation of CD8+ T phenotypic differentiation and functional expression by T-bet has been studied in the field of viral infection and cancers, knowledge of its regulatory role in NMOSD remains unknown (21, 22).

Previously, we observed increasing proportions of activated CD8+ T cells in the peripheral blood of NMOSD patients, along with elevated levels of INFγ and TNFα, indicating that CD8+ T cells may be involved in the peripheral inflammation associated with NMOSD (13). In this study, we further investigated the potential clinical value of CD8+ T cell phenotypes and levels of GzmB in NMOSD patients. Our findings indicated that the proportions of CD8+ TEMRA cells in the peripheral blood were significantly increased in NMOSD patients who also exhibited high levels of the cytotoxic protein GzmB. Notably, these increased proportions of GzmB+CD8+ T cells were significantly associated with Expanded Disability Status Scale (EDSS) scores, serum neurofilament light (NFL), serum glial fibrillary acidic protein (GFAP) levels, as well as immunotherapy efficacy in NMOSD patients. In conclusion, our findings suggest GzmB+CD8+ T cells as a potential biomarker treatment effectiveness and disability in NMOSD patients.



Materials and methods


Participants

This study was approved by the Medical Ethics Committee of the West China Hospital, Sichuan University and all participants given informed consent prior to their inclusion in this study. Patients diagnosed with NMOSD were recruited from the West China Hospital of Sichuan University between January 2021 and December 2021 (n=59). All patients met the 2015 diagnostic criteria and were seropositive for anti-AQP4 antibodies (EUROIMMUN AG, Luebeck, Germany) (23). Sex- and age-matched healthy donors (HDs) were also enrolled (n=31). EDSS scores were used to assess disability status in each patient with NMOSD (24). The acute phase was defined as within 2 months of onset, while the remission phase was defined as greater than 2 months after attack. Detailed clinical characteristics are summarized in Table 1, including age, sex, disease phases, EDSS scores, and treatments. NMOSD patients were divided into a response group and a poor response group according to their response to immunosuppressive or immunomodulatory therapies (IMT) during remission (treatments lasting for at least 12 months). A response to IMT was defined as relapse free or only 1 mild relapse during treatment, while a poor response to IMT was defined as ≥ 2 relapses or 1 severe relapse (25).


Table 1 | Demographic and clinical characteristics of participants.





Flow cytometry

Peripheral blood samples from patients with NMOSD and HDs were prepared as single-cell suspensions and stained for flow cytometry, as previously described (13). Single-cell suspensions were stained with the selected antibodies for 30 min after incubation with Human TruStain FcX™ (BioLegend) at 4°C. Anti-human CD3-APC (OKT3), CD8a-PerCP (RPA-T8), CD45RA-PE (HI100), and CCR7-APC/Cyanine7 (G043H7) (BioLegend) were used to label the surface markers of the CD8+ T cells. Granzyme B-FITC (QA16A02) and Tbet-PE/Cyanine7 (4B10) (BioLegend) were used for intracellular staining after fixation and permeabilization with the Foxp3/Transcription factor staining buffer (Invitrogen). Samples were acquired using an FACS Canto II flow cytometer (BD Biosciences), and the original data analysis was performed using FlowJo v10 (BD Biosciences).



Neurofilament light (NFL) and GFAP detection

Serum samples were centrifuged at 2,000 g for 10 min at room temperature and stored at -80°C for later use. Serum levels of NFL and GFAP were measured in patients with NMOSD (n=18) using a commercial Simoa Human Neurology 2-Plex B assay (N2PB) kit in accordance with the manufacturer’s protocol (serum 1:4 dilution) (26).



Statistical analysis

Statistical analyses were performed using GraphPad Prism V8.0 (GraphPad Software, San Diego, California, USA) and/or SPSS software V25.0 (IBM Corp., Armonk, NY, USA). Continuous variables are described as mean with standard deviation (SD) and/or median with range. Categorical variables are presented as numbers and percentages. The Mann–Whitney U-test was used to compare continuous variables between two groups, while the Kruskal–Wallis test with Dunn’s test for multiple comparisons was used for comparisons among three or more groups. The chi-square test was used to compare categorical variables between groups. Comparisons of CD8+ T cell subpopulations and cytotoxic function between the groups were adjusted for age and sex using linear regression models. Receiver operating characteristic (ROC) curves were performed to evaluate the accuracy of the GzmB-expressing CD8+T cell subsets in distinguishing immunotherapies responders from poor responders. Spearman correlation analysis was used to evaluate the correlation of GzmB levels in CD8+ T cell subsets with EDSS score, serum NFL, and GFAP. Multivariate linear regression analysis was used to estimate the correlation between levels of GzmB in CD8+ T cell subsets and clinical characteristics, including sex, age, EDSS scores, disease phase, and treatments. The level of statistical significance was defined as a two-tailed p value < 0.05.




Results


Demographic and clinical characteristics of participants

The demographic and clinical characteristics of the participants are summarized in Table 1. A total of 90 peripheral blood samples were collected from 59 patients with NMOSD and 31 HDs. There were no significant differences in sex or age between the NMOSD and HD groups. During sample collection, 12 patients with NMOSD were admitted without any immunotherapy, eight patients were treated with glucocorticoids (GC), and 39 patients were treated with IMT (azacytidine [AZA], n=4; mycophenolate mofetil [MMF], n=27; and rituximab [RTX], n=8). Among the patients who received IMT, 26 received treatment for more than 1 year. These patients were further divided into responder (n=14) and poor responder (n=12) according to their response to IMT.



Circulating CD8+T cells exhibit high differentiation and increased GzmB expression in patients with NMOSD

We compared the memory and/or effector characteristics of peripheral CD8+ T cells in the NMOSD and HD groups based on the expression of CCR7,CD45RA, and GzmB (27) (Figure 1). Based on the gating strategy of flow cytometry, CD8+ T cells were divided into four subgroups: naïve (TN, CCR7+CD45RA+), central memory (TCM, CCR7+CD45RA-), effector memory (TEM, CCR7-CD45RA-), and terminally differentiated effector memory (TEMRA, CCR7-CD45RA+) cells (Figure 1A). Our results revealed that patients with NMOSD had significantly lower proportions of CD8+ TN cells than HDs (median, 24.9% vs. 36.5%, P=0.0185) (Figure 1C). In contrast, the highly differentiated CD8+ T cell subpopulation (CD8+ TEMRA) was more strongly expressed in patients with NMOSD than in HDs (median: 56.9% vs. 42.3%, P=0.0019) (Figure 1D). However, the subpopulations of TCM and TEM were comparable between patients with NMOSD and HDs (Figures 1B, E). These findings indicate that highly differentiated CD8+ T cells are more common in the blood of patients with NMOSD than in that of HDs.




Figure 1 | Circulating CD8+ T cell subpopulations and GzmB expression in patients with NMOSD and HD. Peripheral blood was collected from healthy donors (HD) (n=31) and patients with neuromyelitis optica spectrum disorder (NMOSD) (n=59). (A) The flow cytometric gating strategy for CD8+ T cell subpopulations. Central memory (TCM, CCD7+CD45RA-), naïve (TN, CCD7+CD45RA+), effector memory (TEM, CCD7-CD45RA-), and terminal differentiation effector memory T cells (TEMRA, CCD7-CD45RA+). (B–E) Comparison of CD8+ T cell subsets between HD and NMOSD. (F–I) Proportions of GzmB-expressing CD8+ T, CD8+ TEM, and CD8+ TEMRA cells were further measured by flow cytometry. ****P<0.0001, **P < 0.01, *P < 0.05 and ns (not significant) by Mann–Whitney U-test.



To explore the cytotoxic function of CD8+ T cells in each group, we further investigated the expression of the cytolytic protein GzmB in CD8+T cells and their effector subsets (TEM and TEMRA) (Figure 1F). Compared with HDs, patients with NMOSD exhibited significantly increased proportions of GzmB+CD8+ T cells (50.2% vs. 27.1%, P<0.0001) and GzmB+CD8+ TEMRA cells (64% vs. 49.4%, P=0.0062) (Figures 1G, I). Nevertheless, levels of GzmB+CD8+ TEM cells did not significantly differ between the NMOSD and HD groups (Figure 1H). Our data further demonstrated that CD8+ T cells in the blood of patients with NMOSD are not only highly differentiated but also express a large amount of GzmB, suggesting that CD8+ T cells are involved in the peripheral inflammation associated with NMOSD.



GzmB-expressing CD8+ T cells as potential biomarkers for predicting the effectiveness of immunotherapies in patients with NMOSD

To assess the effect of immunotherapies on levels of GzmB expression in CD8+ T cells, we divided patients with NMOSD into untreated patients (n=12), responders to immunotherapies (n=14), and poor responders to immunotherapies (n=12). The proportions of GzmB+CD8+ T cells in untreated patients and poor responders were comparable, and both were significantly higher than those in responders (P=0.0033 and P=0.0002, respectively) (Figure 2A). Similarly, proportions of GzmB+CD8+ TEMRA cells were also significantly higher in poor responders than in responders, but not those in untreated patients (Figure 2C). No significant differences in the proportions of GzmB+CD8+ TEM cells were observed among the three groups (Figure 2B). In addition, we further compared the proportions of circulating GzmB-expressing CD8+T cells between responders to MMF (n=11) and poor responders to MMF (n=7), and showed that proportions of GzmB+ CD8+T cells were significantly higher in poor responders (P=0.034) (Supplementary Figure 1A). GzmB+CD8+TEM and GzmB+CD8+TEMRA showed the similar trends, although there was no statistically significant difference (Supplementary Figures 1B, C).




Figure 2 | Increasing proportions of GzmB-expressing CD8+ T cells in poor responders with NMOSD. (A–C) Patients with neuromyelitis optica spectrum disorder (NMOSD) were divided into three groups according to the response to immunotherapies, including untreated (NT) patients (n=12), responders (n=14), and poor responders (n=12). Poor responders exhibited a significant increase in GzmB+CD8+ T% (A) and GzmB+CD8+ TEMRA% (C), but not in GzmB+CD8+ TEM% (B). (D) Receiver operating characteristic (ROC) curve for evaluating the diagnostic sensitivity and specificity of GzmB-expressing CD8+ T cells in responders and poor responders. Diagnostic accuracy was assessed based on the area under the curve (AUC). (E) Percentages of patients with levels of GzmB-expressing CD8+ T cells over the cut-off value in responders and poor responders. GzmB: granzyme B **P<0.01, ***P<0.001, and ns (not significant) by Kruskal-Wallis test with Dunn's multiple comparisons test.



Given that GzmB levels in CD8+ T cells significantly differed between patients with good and poor responses to immunotherapies, we next performed a receiver operating characteristic (ROC) curve analysis to assess the percentage of GzmB+CD8+ T cells as a potential biomarker for differentiating the response to immunotherapies. As expected, the percentage of GzmB+CD8+ T cells exhibited good diagnostic potential in distinguishing poor responders from responders (area under the curve [AUC]=0.89, P=0.001), whereas GZMB+CD8+ TEMRA had a relatively lower AUC of 0.86 (P=0.002) (Figure 2D). Subsequently, ROC curve analysis further indicated that the cut-off values for %GzmB+CD8+ T cells and %GZMB+CD8+ TEMRA cells were 49.65% and 71.55%, respectively, and that 75% of the patients above the cut-off value exhibited poor responses to immunotherapies (Figure 2E). Our data suggest that high levels of GzmB in CD8+ T cells are associated with a poor response to immunotherapies in patients with NMOSD, highlighting their potential as a biomarker for predicting the effectiveness of immunotherapies.



High proportions of GzmB-expressing CD8+ T cells are associated with disability in patients with NMOSD

Because GzmB levels in peripheral CD8+ T cells were significantly increased in patients with NMOSD, we explored whether high levels of GzmB play an active role in the disease process. First, we examined the relationship between disability (EDSS scores) and the proportions of GzmB+CD8+ T cell subsets in the NMOSD group (n=59). Spearman correlation analysis indicated that EDSS scores were moderately correlated with the proportions of GzmB+CD8+ T cells in patients with NMOSD (r=0.476, P<0.001)(Figure 3A), and similar relationships were also observed in GzmB+CD8+ TEM and GzmB+CD8+ TEMRA subpopulations (Figures 3B, C). Subsequently, we further explored the correlation between GzmB expressions of CD8+T cells and disability under different treatment conditions (Figures 3D–F). As results, we found a significant association between proportions of GzmB+CD8+ T cells and EDSS scores mainly in the poor-response group (r=0.682, P=0.013), and the same trend was observed in untreated patients, although the difference did not reach statistical significance (r=0.600, P=0.055) (Figure 3D). However, we did not find this association in response group, suggesting that effective immunotherapy may inhibit GzmB expression in CD8+T cells, thereby eliminating the correlation between GzmB levels and disability in NMOSD.




Figure 3 | High proportions of GzmB-expressing CD8+ T cells are associated with disability in patients with NMOSD. (A–C) Correlation between Expanded Disability Status Scale (EDSS) scores and the percentages of GzmB+CD8+ T cells (A), GzmB+CD8+ TEM cells (B), and GzmB+CD8+ TEMRA cells (C) (Spearman correlation analysis). (D–F) Correlation analysis between EDSS scores and GzmB-expressing CD8+ T cell subpopulations according to the different immunotherapies and response, including responders group (n=14), untreated group (n=12), and poor responders (n=12) (Spearman correlation analysis). GzmB: granzyme (B) ns (not significant) by Mann–Whitney U-test. * indicates statistical significance (P<0.05).



Next, we evaluated the association between the clinical characteristics of NMOSD and GzmB expression in circulating CD8+ T cells and their effector subsets (TEM and TEMRA) using multivariate linear regression models. In the NMOSD cohort, the proportion of GzmB+CD8+ T cells was independently associated with EDSS scores (β=4.47, P=0.005) and treatments (β=-10.01, P=0.010) (Table 2). However, no significant correlations were observed between GzmB+CD8+ T cells and sex, age, or disease stage. In the analysis of GzmB expression levels in effector subsets of CD8+ T cells, we found that the proportion of Gzmb+CD8+ TEMRA cells exhibited a trend of positive correlation with EDSS scores (β=3.23, P=0.056) (Table 2). These results indicate that levels of GzmB expression in CD8+ T cells are not only closely related to disability but are also influenced by immunotherapie.


Table 2 | Associations between GzmB levels in CD8+ T subpopulations and clinical characteristics of NMOSD patients.



Increased serum NFL and GFAP concentrations are correlated with CNS damage and have been regarded as biomarkers of disease activity and disability in patients with NMOSD (26). Therefore, serum samples and PBMC were simultaneously collected from 18 patients with NMOSD to evaluate the relationship between GzmB expression in CD8+ T cells and serum levels of NFL and GFAP. The mean concentrations and standard deviation (SD) of serum NFL and GFAP were 16.6 ± 14.87 pg/mL and 97.78 ± 31.83 pg/mL, respectively. Correlation analyses revealed that serum NFL levels were positively associated with %GzmB+CD8+ T cells (r=0.515, P=0.029) (Figure 4A), but not with %GzmB+CD8+ TEM cells or %GzmB+CD8+ TEMRA cells (Figures 4B, C). Moreover, serum GFAP levels were positively correlated not only with %GzmB+CD8+ T cells (r=0.505, P=0.033), but also with %GzmB+CD8+ TEMRA cells (r=0.523, P=0.026), although there was no significant correlation with %GzmB+CD8+ TEM cells (Figures 4D–F). These findings further support our hypothesis that high GzmB expression in CD8+ T cells is closely related to disease progression and may be used as a peripheral biomarker of CNS injury in NMOSD.




Figure 4 | Positive correlation between proportions of GzmB+CD8+ T cells and serum NFL and GFAP levels in patients with NMOSD. (A–C) Association between the proportion of GzmB-expressing CD8+ T cells and serum NFL (n=18). (D–F) Association between the proportion of GzmB-expressing CD8+ T cells and serum GFAP (n=18) by spearman correlation analysis. GzmB, granzyme B; NMOSD, neuromyelitis optica spectrum disorder; NFL, neurofilament light; GFAP, glial fibrillary acidic protein.





Up-regulation of T-bet is associated with increased levels of GzmB in circulating CD8+ T cells

Transcription factor T-bet plays an important role in the activation and functional expression of CD8+ T cells. In this study, we investigated whether high GzmB expression in CD8+ T cells is associated with the un-regulation of the transcription factor T-bet in patients with NMOSD. Flow cytometry analysis was performed to detect the expression of T-bet in CD8+ T cells in patients with NMOSD and HDs (Figure 5A). Compared with HDs, patients with NMOSD exhibited a significant increase in the percentage of T-bet+CD8+ T cells (24.8% vs. 41.25%, P=0.015) (Figure 5B). Furthermore, patients who responded to immunotherapies exhibited significantly lower percentages of T-bet+CD8+ T cells than poor responders (29.12% vs. 56.85%, P=0.005), while no significant difference was observed between untreated patients and poor responders (Figure 5C). Further correlation analysis revealed that T-bet+CD8+ T cell were significantly related to highly differentiated CD8+T cell subpopulations (TEMRA) (r=0.744, P<0.0001) (Figure 5D) and GzmB+CD8+ T cells (r=0.765, P<0.0001) (Figure 5E).




Figure 5 | Upregulation of the transcription factor T-bet is associated with high expression of GzmB in circulating CD8+ T cells. (A) The flow cytometric gating strategy for evaluate levels of T-bet in CD8+ T cells. (B) Comparison of T-bet+CD8+ T cells between patients with NMOSD (n=31) and HDs (n=6) (Mann–Whitney U-test). (C) Comparison of T-bet+CD8+ T cells among untreated patients (n=6), poor responders (n=6), and responders (n=5) (one-way ANOVA with Tukey’s multiple comparison test). (D,E) The correlation between T-bet expression and the proportions of CD8+ TEMRA cells (D) or GzmB+CD8+ T cells (E) in patients with NMOSD. GzmB, granzyme B; NMOSD, neuromyelitis optica spectrum disorder. *P<0.05, **P<0.01, and ns (not significant).



These findings suggest that levels of T-bet+CD8+ T cells are increased in the peripheral blood in patients with NMOSD and are associated with hyper differentiation and enhanced cytotoxic function of CD8+ T cells. Thus, inhibiting CD8+ T cell activation and cytotoxicity may reduce peripheral inflammatory responses in patients with NMOSD.




Discussion

It is widely accepted that autoreactive T cells are activated in the periphery and migrate to the CNS through the blood–brain barrier (BBB) to participate in CNS inflammatory demyelination (28). Although previous studies on CNS autoimmune diseases have mainly focused on CD4+ T cells, histopathological findings from autopsy and biopsy studies suggest that CD8+ T cells are the predominant immune cells infiltrating CNS lesions and exhibit tissue-resident memory and cytotoxicity (29, 30). Our previous study found that circulating CD8+ T cells were abnormally activated in patients with NMOSD and expressed high levels of the pro-inflammatory cytokines IFNγ and TNFα, which may be involved in peripheral inflammatory responses and promote disease progression (13). In the current study, we further demonstrated that CD8+ T cells in the peripheral blood of patients with NMOSD exhibited a highly differentiated phenotype (TEMRA) and expressed considerable levels of the cytolytic protein GzmB. Furthermore, the increasing numbers of GzmB-expressing CD8+ T cells were associated with a poor response to immunotherapies and severe disability in the NMOSD group. Levels of the transcription factor T-bet in circulating CD8+ T cells were also significantly elevated in patients with NMOSD and contributed to increasing of terminal differentiation of CD8+ T cells and high expression of GzmB. Our data provide insight into a novel biomarker for predicting the effectiveness of immunotherapies and disability in patients with NMOSD, as well as a potential target for treatments.

Although T cells are considered to be involved in the pathogenesis and development of NMOSD, the key role of CD8+ T cell phenotypes and function in disease progression remains poorly understood. In this study, we observed significantly elevated proportions of CD8+ TEMRA cells and significantly enhanced expression of the neurotoxic mediator GzmB in the peripheral blood of patients with NMOSD. Increasing evidence suggests that cytotoxic CD8+ T cells are involved in the development of multiple autoimmune diseases. Blanco et al. reported a significant increase in CD8+ TEMRA cells expressing high levels of GzmB in the peripheral blood of patients with systemic lupus erythematosus (SLE), which was significantly associated with the clinical activity of the disease (31). In addition, abnormal amplification of cytotoxic CD8+ T cells has been observed in the peripheral blood and brain lesions of patients with Susac syndrome, in whom secreted GzmB adhered to CNS microvessels in different lesion regions, resulting in vascular endothelial cell injury, BBB disruption, and microbleeding (12). Intervention with GzmB significantly improved disease progression in the mouse model of Susac syndrome. Furthermore, Fransen et al. found that increased clustering of CD8+ T cells in the perivascular space correlated with inflammatory lesion activity and demyelinated lesion load in patients with chronic progressive MS (29). These studies imply that activated CD8+ T cells in the peripheral blood may enter the CNS by disrupting the BBB and participating in neuroinflammatory responses and lesion activity. Additionally, evidence from EAE models demonstrates that treatment with a GzmB inhibitor (Serpina3n) can effectively reduce cytotoxic CD8+T cell-mediated axonal and neuronal damage in the CNS, as well as T-cell-mediated neuropathic pain (15). These findings strongly suggest that cytotoxic CD8+ T cells promote inflammatory responses and disease progression in a variety of autoimmune and neurological diseases by secreting GzmB, making GzmB a potential therapeutic target for these diseases and NMOSD.

In addition to GzmB-expressing CD8+T cells, the role of Gzmb-producing B cells has also been widely noticed in autoimmune diseases. GzmB-producing B cells are considered a type of regulatory B cells that have been found to be involved in the pathogenesis of multiple autoimmune diseases. Serval studies have revealed that GzmB-producing regulatory B cells are decreased in peripheral blood of systemic lupus erythematosus (SLE), lupus nephritis, and rheumatoid arthritis (RA), which are closely associated with poor prognosis of these diseases (32–34). On the other hand, a recent study found that circulating Gzmb+CD8+T cells and Gzmb+CD19+ B cells were significantly increased in MS patients during fingolimod and natalizumab treatments (35), suggesting that B cells may exhibit cytotoxic behavior similar to CD8+ T lymphocytes in MS patients under different treatments. These results imply that circulating GzmB-expressing B cells and GzmB-expressing CD8+T cells seem to play different or even opposite roles in the pathogenesis of autoimmune diseases, but whether they interact and how the mechanism is still unknown in NMOSD. We believe that further study of circulating GzmB-releasing from CD8+T cells and B cells in NMOSD is warranted and interesting, which will help us to have a deeper understanding of the mechanism of T cell-B cell interaction in this disease.

Immunotherapies, including AZA, MMF, and RTX, are currently the most used agents for preventing relapse and disability in patients with NMOSD. However, studies have shown that more than 30% of patients still experience frequent relapse and disability progression under the first-line immunotherapies, and there are no biomarkers that can reflect the effectiveness of immunotherapies (4, 5). In this study, we discovered that a high proportion of GzmB-expressing CD8+ T cells was significantly associated with a poor response to immunotherapies and showed good potential for predicting the efficacy of immunotherapies (AUC=0.89). Moreover, our study provides a cut-off value of %GzmB+CD8+ T cells for distinguishing patients who are sensitive to immunotherapies. Based on this cutoff value, 75% of poor responders and only 8% of responders were classified as having high GzmB status. Our study not only confirms that GzmB+CD8+ T cells are involved in NMOSD, but also provides insight into a novel biomarker for predicting the efficacy of first-line immunotherapies, highlighting the need for validation in longitudinal cohort studies. In the future study, it remains necessary to evaluate the role of GzmB-expressing CD8+ T cells in monitoring response to different immunotherapies in NMOSD.

Additionally, our correlation analysis indicated that elevated levels of GzmB in CD8+ T cells were markedly associated with severe disability in patients with NMOSD, independent of sex, age, or disease phase. The significant association between GzmB levels in CD8+ T cells and EDSS scores suggests that GzmB levels in CD8+ T cells are potential biomarkers of disability in NMOSD. Serum levels of NFL and GFAP are widely considered biomarkers of neuroaxonal damage and astrocyte injury, respectively, both of which can reflect disease activity and disability in NMOSD (26). Notably, our study revealed that GzmB levels in CD8+ T cells were positively correlated with serum concentrations of NFL and GFAP, indicating that GzmB expression on peripheral CD8+ T cells may reflect CNS injury in patients with NMOSD. These results support our hypothesis that cytotoxic CD8+ T cells mediate CNS injury by secreting the neurotoxic mediator GzmB and are involved in peripheral and central inflammatory responses in patients with NMOSD.

The differentiation and functional expression of CD8+ T cells are affected by the transcription factor T-bet in the context of chronic infectious disease. Therefore, we further investigated the relationship between T-bet and peripheral CD8+ TEMRA and GzmB+CD8+ T cells in the NMOSD group. Our data revealed that the proportion of T-bet+CD8+ T cells in the peripheral blood was significantly higher in patients with NMOSD than in HDs, whereas it was significantly decreased in patients with a good response to immunotherapies. These findings indicate that levels of T-bet are elevated in the peripheral blood of patients with NMOSD and are regulated by immunotherapy drugs. Importantly, our data further demonstrated that those with high levels of T-bet in CD8+ T cells displayed an increasing proportion of CD8+ TEMRA cells and GzmB expression. In chronic viral infection, T-bet represses the expression of programmed cell death protein 1 (PD-1) and other related inhibitory receptors and sustains functional CD8+ T cell responses (19). Evidence from epigenetic studies and chromatin mapping of human CD8+ T cells via ATACT-seq has verified that levels of T-bet and proximity effector genes (Gzmb and Prf1) are upregulated in circulating CD8+ TEMRA cells (27). These data are consistent with our findings, suggesting that T-bet enhances the differentiation and cytotoxic function of CD8+ T cells and promotes disease progression and deterioration in inflammatory CNS diseases such as NMOSD. Taken together, our results suggest that increases in the proportion of CD8+ TEMRA cells and the related effector molecules T-bet and GzmB are associated with poor outcomes in patients with NMOSD. Thus, T-bet and GzmB represent potential therapeutic targets for NMOSD.

Our study was limited by the cross-sectional design and lack of longitudinal follow-up information. Therefore, a prospective cohort study is required to confirm the prognostic predictive value of cytotoxic CD8+ T cells in patients with NMOSD. In addition, patients receiving immunotherapies were not excluded when detecting serum concentrations of NFL and GFAP in this study, thus the association with circulating GzmB-expressing CD8+T cells might be affected. Therefore, it is necessary to include more untreated patients in the future study to clarify the relationship between GzmB-expressing CD8+T cells and serum NFL and GFAP. Nonetheless, our findings support the involvement of cytotoxic CD8+ T cells in the inflammatory response to NMOSD and provide insight into a potential biomarker for the effectiveness of immunotherapies and disability progression in NMOSD.



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 studies involving human participants were reviewed and approved by Medical Ethics Committee of the West China Hospital, Sichuan University. The patients/participants provided their written informed consent to participate in this study.



Author contributions

Study conception and design: ZS, MY, and HZ. Collection of samples: QD, JW, XW, HC, YL, LYK, and WL. Flow cytometry and data analysis: ZS, QD, and JW. Drafting of manuscript and figures: ZS and QD. Critical revision of the manuscript: HZ. Statistical analysis: ZS, XW, and HC. Obtained funding: ZS and HZ. All authors contributed substantially to this manuscript and approved the final version of the manuscript.



Funding

This work was funded by the Department of Science and Technology of Sichuan Province (Grant No. 2021YFS0173 and 2022YFS0315), the 1·3·5 project for disciplines of excellence–Clinical Research Incubation Project, West China Hospital, Sichuan University (Grant No. 21HXFH041), and the China Postdoctoral Science Foundation (Grant No. 2021M692295).



Acknowledgments

The authors thank all the patients and healthy volunteers for their participation.



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/fimmu.2022.1027158/full#supplementary-material



References

1. Jarius, S, Paul, F, Weinshenker, BG, Levy, M, Kim, HJ, and Wildemann, B. Neuromyelitis optica. Nat Rev Dis Primers (2020) 6:85. doi: 10.1038/s41572-020-0214-9

2. Shi, Z, Du, Q, Chen, H, Zhang, Y, Qiu, Y, Zhao, Z, et al. Effects of immunotherapies and prognostic predictors in neuromyelitis optica spectrum disorder: a prospective cohort study. J Neurol (2020) 267:913–24. doi: 10.1007/s00415-019-09649-7

3. Palace, J, Lin, DY, Zeng, D, Majed, M, Elsone, L, Hamid, S, et al. Outcome prediction models in AQP4-IgG positive neuromyelitis optica spectrum disorders. Brain (2019) 142:1310–23. doi: 10.1093/brain/awz054

4. Stellmann, JP, Krumbholz, M, Friede, T, Gahlen, A, Borisow, N, Fischer, K, et al. Immunotherapies in neuromyelitis optica spectrum disorder: efficacy and predictors of response. J Neurol Neurosurg Psychiatry (2017) 88:639–47. doi: 10.1136/jnnp-2017-315603

5. Mealy, MA, Wingerchuk, DM, Palace, J, Greenberg, BM, and Levy, M. Comparison of relapse and treatment failure rates among patients with neuromyelitis optica: multicenter study of treatment efficacy. JAMA Neurol (2014) 71:324–30. doi: 10.1001/jamaneurol.2013.5699

6. Levy, M, Fujihara, K, and Palace, J. New therapies for neuromyelitis optica spectrum disorder. Lancet Neurol (2021) 20:60–7. doi: 10.1016/S1474-4422(20)30392-6

7. Pohl, M, Fischer, MT, Mader, S, Schanda, K, Kitic, M, Sharma, R, et al. Pathogenic T cell responses against aquaporin 4. Acta Neuropathol (2011) 122:21–34. doi: 10.1007/s00401-011-0824-0

8. Varrin-Doyer, M, Spencer, CM, Schulze-Topphoff, U, Nelson, PA, Stroud, RM, Cree, BA, et al. Aquaporin 4-specific T cells in neuromyelitis optica exhibit a Th17 bias and recognize clostridium ABC transporter. Ann Neurol (2012) 72:53–64. doi: 10.1002/ana.23651

9. Vaknin-Dembinsky, A, Brill, L, Kassis, I, Petrou, P, Ovadia, H, Ben-Hur, T, et al. T-Cell reactivity against AQP4 in neuromyelitis optica. Neurology (2012) 79:945–6. doi: 10.1212/WNL.0b013e318266fc2b

10. Jones, MV, Huang, H, Calabresi, PA, and Levy, M. Pathogenic aquaporin-4 reactive T cells are sufficient to induce mouse model of neuromyelitis optica. Acta Neuropathol Commun (2015) 3:28. doi: 10.1186/s40478-015-0207-1

11. Machado-Santos, J, Saji, E, Tröscher, AR, Paunovic, M, Liblau, R, Gabriely, G, et al. The compartmentalized inflammatory response in the multiple sclerosis brain is composed of tissue-resident CD8+ T lymphocytes and b cells. Brain (2018) 141:2066–82. doi: 10.1093/brain/awy151

12. Gross, CC, Meyer, C, Bhatia, U, Yshii, L, Kleffner, I, Bauer, J, et al. CD8+ T cell-mediated endotheliopathy is a targetable mechanism of neuro-inflammation in susac syndrome. Nat Commun (2019) 10:5779. doi: 10.1038/s41467-019-13593-5

13. Shi, Z, Qiu, Y, Zhao, Z, Wen, D, Chen, H, Du, Q, et al. CD8+ T cell subpopulations and pro-inflammatory cytokines in neuromyelitis optica spectrum disorder. Ann Clin Transl Neurol (2021) 8:43–53. doi: 10.1002/acn3.51241

14. Neumann, H, Medana, IM, Bauer, J, and Lassmann, H. Cytotoxic T lymphocytes in autoimmune and degenerative CNS diseases. Trends Neurosci (2002) 25:313–9. doi: 10.1016/s0166-2236(02)02154-9

15. Haile, Y, Carmine-Simmen, K, Olechowski, C, Kerr, B, Bleackley, RC, and Giuliani, F. Granzyme b-inhibitor serpina3n induces neuroprotection in vitro and in vivo. J Neuroinflamm (2015) 12:157. doi: 10.1186/s12974-015-0376-7

16. Hiroyasu, S, Zeglinski, MR, Zhao, H, Pawluk, MA, Turner, CT, Kasprick, A, et al. Granzyme b inhibition reduces disease severity in autoimmune blistering diseases. Nat Commun (2021) 12:302. doi: 10.1038/s41467-020-20604-3

17. Novais, FO, Nguyen, BT, and Scott, P. Granzyme b inhibition by tofacitinib blocks the pathology induced by CD8 T cells in cutaneous leishmaniasis. J Invest Dermatol (2021) 141:575–85. doi: 10.1016/j.jid.2020.07.011

18. Intlekofer, AM, Takemoto, N, Wherry, EJ, Longworth, SA, Northrup, JT, Palanivel, VR, et al. Effector and memory CD8+ T cell fate coupled by T-bet and eomesodermin. Nat Immunol (2005) 6:1236–44. doi: 10.1038/ni1268

19. Kao, C, Oestreich, KJ, Paley, MA, Crawford, A, Angelosanto, JM, Ali, MA, et al. Transcription factor T-bet represses expression of the inhibitory receptor PD-1 and sustains virus-specific CD8+ T cell responses during chronic infection. Nat Immunol (2011) 12:663–71. doi: 10.1038/ni.2046

20. Chen, Z, Ji, Z, Ngiow, SF, Manne, S, Cai, Z, Huang, AC, et al. TCF-1-Centered transcriptional network drives an effector versus exhausted CD8 T cell-fate decision. Immunity (2019) 51:840–55:e5. doi: 10.1016/j.immuni.2019.09.013

21. Buggert, M, Tauriainen, J, Yamamoto, T, Frederiksen, J, Ivarsson, MA, Michaëlsson, J, et al. T-Bet and eomes are differentially linked to the exhausted phenotype of CD8+ T cells in HIV infection. PloS Pathog (2014) 10:e1004251. doi: 10.1371/journal.ppat.1004251

22. Zhu, Y, Ju, S, Chen, E, Dai, S, Li, C, Morel, P, et al. T-Bet and eomesodermin are required for T cell-mediated antitumor immune responses. J Immunol (2010) 185:3174–83. doi: 10.4049/jimmunol.1000749

23. Wingerchuk, DM, Banwell, B, Bennett, JL, Cabre, P, Carroll, W, Chitnis, T, et al. International consensus diagnostic criteria for neuromyelitis optica spectrum disorders. Neurology (2015) 85:177–89. doi: 10.1212/WNL.0000000000001729

24. Kurtzke, JF. Rating neurologic impairment in multiple sclerosis: an expanded disability status scale (EDSS). Neurology (1983) 33:1444–52. doi: 10.1212/wnl.33.11.1444

25. Kim, SH, Hyun, JW, Joung, A, Park, EY, Joo, J, and Kim, HJ. Predictors of response to first-line immunosuppressive therapy in neuromyelitis optica spectrum disorders. Mult Scler (2017) 23:1902–8. doi: 10.1177/1352458516687403

26. Watanabe, M, Nakamura, Y, Michalak, Z, Isobe, N, Barro, C, Leppert, D, et al. Serum GFAP and neurofilament light as biomarkers of disease activity and disability in NMOSD. Neurology (2019) 93:e1299–311. doi: 10.1212/WNL.0000000000008160

27. Buggert, M, Vella, LA, Nguyen, S, Wu, VH, Chen, Z, Sekine, T, et al. The identity of human tissue-emigrant CD8+ T cells. Cell (2020) 183:1946–61:e15. doi: 10.1016/j.cell.2020.11.019

28. Lindner, M, Klotz, L, and Wiendl, H. Mechanisms underlying lesion development and lesion distribution in CNS autoimmunity. J Neurochem (2018) 146:122–32. doi: 10.1111/jnc.14339

29. Fransen, NL, Hsiao, CC, van der Poel, M, Engelenburg, HJ, Verdaasdonk, K, Vincenten, MCJ, et al. Tissue-resident memory T cells invade the brain parenchyma in multiple sclerosis white matter lesions. Brain (2020) 143:1714–30. doi: 10.1093/brain/awaa117

30. van Nierop, GP, van Luijn, MM, Michels, SS, Melief, MJ, Janssen, M, Langerak, AW, et al. Phenotypic and functional characterization of T cells in white matter lesions of multiple sclerosis patients. Acta Neuropathol (2017) 134:383–401. doi: 10.1007/s00401-017-1744-4

31. Blanco, P, Pitard, V, Viallard, JF, Taupin, JL, Pellegrin, JL, and Moreau, JF. Increase in activated CD8+ T lymphocytes expressing perforin and granzyme b correlates with disease activity in patients with systemic lupus erythematosus. Arthritis Rheum (2005) 52:201–11. doi: 10.1002/art.20745

32. Bai, M, Xu, L, Zhu, H, Xue, J, Liu, T, Sun, F, et al. Impaired granzyme b-producing regulatory b cells in systemic lupus erythematosus. Mol Immunol (2021) 140:217–24. doi: 10.1016/j.molimm.2021.09.012

33. Rabani, M, Wilde, B, Hubbers, K, Xu, S, Kribben, A, Witzke, O, et al. IL-21 dependent granzyme b production of b-cells is decreased in patients with lupus nephritis. Clin Immunol (2018) 188:45–51. doi: 10.1016/j.clim.2017.12.005

34. Xu, L, Liu, X, Liu, H, Zhu, L, Zhu, H, Zhang, J, et al. Impairment of granzyme b-producing regulatory b cells correlates with exacerbated rheumatoid arthritis. Front Immunol (2017) 8:768. doi: 10.3389/fimmu.2017.00768

35. Boldrini, VO, Marques, AM, Quintiliano, R, Moraes, AS, Stella, C, Longhini, A, et al. Cytotoxic b cells in relapsing-remitting multiple sclerosis patients. Front Immunol (2022) 13:750660. doi: 10.3389/fimmu.2022.750660



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 © 2022 Shi, Du, Wang, Wang, Chen, Lang, Kong, Luo, Yang and Zhou. 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/Images/fimmu-13-1027158-g004.jpg
GzmB+CD8+T%

GzmB+CD8+T%

100

®
o

o
o

S
o

20

100

B
r=0.515,P=0.029
B
=
A
+
©
o
(8]
+
[+1]
£
N
o
20 40 60
NF-light (pg/ml)
E
r=0.505,P=0.033
N
H
A
+
©
o
[§]
+
1]
£
N
o

50 100 150 200
GFAP (pg/ml)

100

r=0.366,P=0.135

100

20 40
NF-light (pg/ml)

r=-0.049,P=0.848

60

50 100 150
GFAP (pg/ml)

200

(9]

GzmB+CD8+Tgyra%

100

r=0.352,P=0.152

100

GzmB+CD8+Tgyra%

=3
o

o
o

S
=)

n
=]

(=)

20 40
NF-light (pg/ml)

r=0.523,P=0.026

50 100 150
GFAP (pg/ml)

60

200





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Granzyme B in circulating CD8+ T cells as a biomarker of immunotherapy effectiveness and disability in neuromyelitis optica spectrum disorders

      

        		

          Background and objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Materials and methods

        

          		

            Participants

          



          		

            Flow cytometry

          



          		

            Neurofilament light (NFL) and GFAP detection

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Demographic and clinical characteristics of participants

          



          		

            Circulating CD8+T cells exhibit high differentiation and increased GzmB expression in patients with NMOSD

          



          		

            GzmB-expressing CD8+ T cells as potential biomarkers for predicting the effectiveness of immunotherapies in patients with NMOSD

          



          		

            High proportions of GzmB-expressing CD8+ T cells are associated with disability in patients with NMOSD

          



          		

            Up-regulation of T-bet is associated with increased levels of GzmB in circulating CD8+ T cells

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fimmu-13-1027158-g001.jpg
3 8 2
g g E
* - z * z
*
" *
a
2 2 g
o o o o o o
m © © < ~
%L +800+8UWZ9 %31 +8Q0+gW2O %Y¥"3) 4800 +gWz9
(4] T -
A
b
N
O
2 2
m o
z H
o
T 2

N © © © ¥ & o
- -

%"°1+800

o o e o o
® © < «

o
=3
-
o

%NL+800

HD NMOSD

%"31+800





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Sex
Male
Female
Age, years

Disease phases
Remission
Relapse
EDSS scores

Treatments
1=Untreated, 2=Poor responders, 3=Responders

GzmB+CD8+T

B 95%CI

Reference
-8.21 -22.38,5.96
0.18 -0.30,0.66

Reference

-5.88 -18.62,6.85
4.47 1.46,7.48

-10.01  -17.40,-2.62

P values

0.246
0.443

0.354
0.005
0.010

B

0.10
-0.07

2,72
225
-5.14

GzmB+CD8+Tgy
95% CI P values
-16.70,16.90 0.991
-0.64,0.50 0.812
-12.37,17.82 0716
-0.1.32,5.81 0.209
-13.90,3.62 0.240

GzmB+CD8+Tgpra

B 95% CI P values
774 -23347.85 0319
018 -035071 0.486
367 17681034 0597
323 -0.08,654 0.056
083 -8.967.30 0.836

NMOSD, neuromyelitis optica spectrum disorders; EDSS, Expanded Disability Status Scale. The F values and P-values of multivariate linear regression models for GzmB+CD8+T (F=7.26,
P<0.001), GzmB+CD8+TEM (F=1.183, P=0.340), and GzmB+CD8+TEMRA (F=2.111, P=0.091). The bold indicates statistical significance (P<0.05).





OEBPS/Images/fimmu-13-1027158-g003.jpg
GzmB+CD8+T%

GzmB+CD8+T%

100

100

80

60

40

20

r=0.475, P<0.001

Poor responders: r-

2 4 6 8
EDSS scores

Responders: 1=0.056, P:
Untreated: r=0.600, P

=0.850
055
.683, P=0.013*

10

Cc
100 r=0.313, P=0.020
Q .
% e o * o« 8 .
5 60 o= . i
.
a8 [
2 4
o
&
&5 2
0
0 2 4 6 8 10
EDSS scores
100 F
X
05 80
i
é 60
O A
i 4
E A Responders: 1=-0.127,
& 20 Untreated: r=-0.064,

Poor responders: r=0.563, P=0.060

EDSS scores

GzmB+CD8+Tgyra%

GzmB+CD8+Teyra%

r=0.377, P=0.005
8%

100

Y L d
[
80 °3 * o
60 .
° .
40 s
20
0 T T 1
0 2 4 6 8 10

100 -@- Responders

80 -@- Poor responders
-4~ Untreated
60
40 N
@@ Responders: r=-174, P=0.549
20 Untreated: 1=0.266, P=0.428
Poor responders: r=0.609, P=0.039*
0 T T T T !
0 2 4 6 8 10

EDSS scores





OEBPS/Images/fimmu-13-1027158-g005.jpg
NMOSD D

100 r=0.744,P<0.0001
B
<
['4
z
[
+
o
[a}
o
‘304 Q3
10340 0
a0 o 10? w0 10° a0 0 10° 10t 10° 0 20 40 60 80 100
T-bet > T-bet+CD8+T%
B (o] E
100 100 0.765,P<0.0001
= <
100 TR IRRNTS0s
o 80
E o 80 § 80
A & 2 60
8 60 & 60 8
3) o o 40
L a0 E 40 z
2 2 5 2
- F 20

=]

0 20 40 60 80 100
T-bet+CD8+T%

HD NMOSD






OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-13-1027158-g002.jpg
GzmB+CD8+T%

Sensitivity

100

80

60

09
08
07
06
05
04
03

02

AUC=0.89, 95%Cl 0.76-1.0, P=0.001
AUC=0.86, 95%Cl 0.70-1.0, P=0.002

B (o]
100
100
S 80 -
= < 80
w 14
53 &
o 60 £ 60
(=) +
0 2
F 40 o 40
E m
o 20 E 20
o
0 0
R
QOO Qo
ROC curves
—— GzmB+CD8+T%
—— GzmB+CD8+TEMRA%
—Reference
mm Responders
E

mm Poor responders
100 cut-off value

god >49.65% >71.55%

Percentages of patients

0.1

0.2

0.3

0.4 05 06 07 08 0.9 1.0

1-specificity

GzmB+CD8+T GzmB+CD8+Teypa





OEBPS/Images/table1.jpg
Gender, Female (%)
Age, mean + SD, years
EDSS scores, median (range)
Disease phases, n

Relapse (<2 months)

Remission (>2months)
Treatments, n

Untreated

Steroids

IMT (AZA/MMF/RTX)*

Responders
(AZA/MMF/RTX)

Poor responders
(AZA/MMF/RTX)

HD (n=31)

26 (84%)
42,6 +13.29

NMOSD (n=59)

52 (90%)
45.87 £ 14.53
4 (0-8.5)

27
32

12
8
39 (4/27/8)
14
(2/11/1)
12
(0/7/5)

P values

0.745
0.250

HD, healthy donors; NMOSD, neuromyelitis optica spectrum disorders; EDSS, Expanded Disability Status Scale; IMT, immunosuppressive or immunomodulatory therapies; AZA,
azacytidine, 2mg/kg per day; MMF, mycophenolate mofetil, 20mg/kg per day; RTX, rituximab, 500-1000mg per 6 months. aExclude 8 NMOSD patients with treatment less than 1 year, and

5 NMOSD patients with irregular treatment.





OEBPS/Images/fimmu.2022.1027158_cover.jpg
’ frontiers ‘ Frontiers in Immunology

Granzyme B in circulating CD8+
T cells as a biomarker of
immunotherapy effectiveness
and disability in neuromyelitis
optica spectrum disorders





