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Background: T follicular helper cells (Tfh cells) play an important role in activating B lymphocytes and may associate with idiopathic Optic Neuritis (ON) and Neuromyelitis Optica Spectrum Disorders (NMOSD).

Objective: This study aimed to examine the potential role of Tfh cells in pathogenesis of idiopathic ON and NMOSD.

Methods: Circulating CD4+CXCR5+ and CD4+CXCR5+PD-1+ cells in 46 idiopathic ON and 68 NMOSD patients as well as 28 healthy controls were examined by flow cytometry before treatment. Serum AQP4 antibody, Expended Disability Status Scale (EDSS) and Visual Outcome Scale (VOS) were detected before and after treatment.

Results: The percentages of circulating CD4+CXCR5+ and CD4+CXCR5+PD-1+Tfh cells in CD4+ cells (%) were significantly increased in idiopathic ON and NMOSD compared with those of healthy controls (p < 0.01). No significant difference of Tfh cells in blood and cerebral spinal fluid (CSF) was found between ON and NMOSD patients. The percentages of CSF, CD4+, CXCR5+, and CD4+CXCR5+PD-1+ cells in CD4+ cells (%) were positively correlated with those of the blood (r = 0.5781, r = 0.6079, p = 0.0076, and p = 0.0045, respectively). EDSS scores of NMOSD group were higher than those of ON group and the time course of NMOSD patients was longer than that of ON patients (p < 0.01). After methylprednisolone treatment, both EDSS and VOS scores were significantly decreased at discharge compared with before treatment (p < 0.01). There was no significant correlation among Tfh cell percentages in CD4+ cells, CSF leukocytes, CSF protein, annual recurrence rate, EDSS and VOS scores between two groups (p > 0.05).

Conclusion: The Circulating T follicular helper cells were increased in both idiopathic ON and NMOSD.
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INTRODUCTION

Idiopathic optic neuritis (ON) is a demyelinating inflammation of the optic nerve caused by autoimmune reactions targeting the optic nerve, which typically affects young adults ranging from 18 to 45 years of age. Patients usually present with acute reduction of visual acuity, orbital pain exacerbated by eye movements, dyschromatopsia, and afferent pupillary defect with or without optic disc edema.

Neuromyelitis optica spectrum disorder (NMOSD) is a rare and severe autoimmune disease of the central nervous system (CNS) driven by pathogenic antibodies mainly directed against aquaporin-4 (AQP4-Ab), which targets the AQP4 water channels of astrocytes in CNS and preferentially involves the optic nerve, spinal cord and posterior medullary area. NMOSD affects all races and ages, however it is more popular in Asian population and has a striking female preponderance. Because of its severely disabling relapses, NMOSD has a much higher early morbidity and mortality than multiple sclerosis (MS) (1). AQP4 antibody was detected in the serum of about 70% of NMOSD patients, suggesting a B cell-mediated immune pathology. However, there are still some NMOSD patients with negative AQP4 antibody, in which different immune mechanism might exist.

T follicular helper cell (Tfh cell) is a group of recently found subset of CD4+. T cells, which plays an important role in activating B lymphocytes. The stimulated B cells then produce antibodies that induce humeral immune responses. Tfh cells typically express CXC chemokine receptor 5 (CXCR5), inducible co-stimulator (ICOS), programmed death 1 (PD-1), CD40 ligand (CD40L) and other surface molecules. These characteristics are obviously different from other T helper cell subgroups. Studies have shown that CD4+CXCR5+ cell percentage in CD4+T cells is elevated in the blood of patients with autoimmune diseases such as Systemic Lupus Erythematosus (SLE) and Myasthenia Gravis (MG) and is associated with antibody production. Based on previous studies, we chose CD4+ CXCR5+ and CD4+ CXCR5+ PD-1+ T cells to represent Tfh cells in peripheral blood in this study (2–5).

Although Tfh cells are related to antibody-mediated immune response, it is unclear whether Tfh cells are involved in the pathogenesis of idiopathic ON and NMOSD. So far, changes of Tfh cells in idiopathic ON and comparative studies of Tfh cells between idiopathic ON and NMOSD have not been reported. Because idiopathic ON patients share some common courses of early NMOSD, such as frequent relapses and steroid sensitive, we postulated that its pathogenesis may be immune-mediated and Tfh cells might be involved in idiopathic ON and NMOSD. The purpose of the study was to investigate the potential role of Tfh cells in pathogenesis of idiopathic ON and NMOSD.



METHODS AND MATERIALS


Patients and Clinical Information

This study was approved by the research ethics committee of Beijing TongRen Hospital. All participants signed informed consent. Acute phase idiopathic ON (n = 46) and high AQP4 level (AQP4 > 10 U/ml, n = 41) NMOSD patients who were hospitalized in our department from March 2015 to October 2017 were recruited. Idiopathic ON diagnosis and inclusion criteria: acute onset of unilateral or bilateral optic neuritis; no other CNS lesions, negative serum AQP4 antibody, do not meet the diagnosis of NMOSD or MS with optic neuropathy, and exclude other infectious factors. NMOSD diagnosis: NMOSD diagnostic criteria by the international optic neuromyelitis diagnostic unit (IPND) in 2015 were adopted (6). A total of 28 healthy volunteers were recruited as a control group (Table 1).


Table 1. Demographic and clinical characteristics in idiopathic ON, NMOSD, and HC groups.
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All patients underwent MRI examination of brain and spinal cord. The history and clinical manifestation were recorded in detail.

Functional evaluation: Expanded Disability Status Scale (EDSS) scores were recorded before and after treatment. As vision impairment is the main complaint in both of ON and NMOSD patients of this study, Visual Outcome Scale (VOS) scores were also recorded.



Sample Collection and Detection

Detection of AQP4 antibody: patients in the acute period who were not given corticosteroid or immunosuppressive treatment at least 1 month before admission had 2 ml of blood drawn prior to methylprednisolone treatment. The blood samples were added to EDTA anticoagulant tubes and regular tubes, respectively. Because our laboratory had no CBA method qualification certification, the ELISA method was adopted for AQP4 antibody test, using second-generation AQP4 ELISA Kit (ELISA RSR, AQP4 Ab Version 2) (7), which targeted the M23 peptide of AQP4-IgG. All procedures were done in strict accordance with the instructions. Results were detected by microplate reader (Thermo Fisher Scientific) and set ≥3 U/ml as the cut-off value for positive AQP4. To avoid false positive results, we excluded low AQP4 level (3–10 U/ml) NMOSD patients in the study and double confirmed with CBA method within our laboratory.

Detection of Tfh cells: Tfh cell percentages in CD4+ T cells were detected by flow cytometry. Samples were added with different fluorescence labeled anti-CD4-Ab anti-CXCR5-Ab, anti-PD-1 Ab, and the same type of control, then added 100 ul of fresh anticoagulant peripheral blood in each tube for 20 min of incubation without light. The cell lysate was added for 10 min to isolate lymphocytes (centrifugation, 1,500/min for 5 min). All tubes were then washed with PBS twice and analyzed by flow cytometry (BD FACSCalibur). Cerebral spinal fluid was taken from 20 patients, and Tfh cells in CSF were also detected by flow cytometry.



Statistical Analysis

All results were statistically analyzed by SPSS 19.0 and Graphpad Prism 8.3.0. Categorical variables were described by counts and percentages, while non-normal distributed continuous and ordinal variables by median and interquartile ranges (IQRs). Demographic features of participants were compared using the Fisher exact-test or the Wilcoxon-test. Paired t-tests were used for comparing of EDSS and VOS scores before and after methylprednisolone treatment in NMOSD and ON groups. Non-parametric-tests with the Steel-Dwass multiple comparison were used to compare Tfh cells of the three groups. A Spearman rank correlation test was used for the correlation analysis between Tfh cells, AQP4 antibody and clinical parameters.




RESULTS


Clinical Characteristics of the Idiopathic ON and NMOSD Patients

Relapses happened in 26% (12/46) of idiopathic ON and 75.6% (31/41) of NMOSD patients, with ARR being 1.63 and 1.00, respectively. The course of recurrent NMOSD was markedly longer than that of idiopathic ON. AQP4 values of ON group and NMOSD group (IQR) were 1.14 (0.62–1.58) U/ml and 58.24 (34.73, 78.58) U/ml, respectively (p < 0.0001).



Comparison of Blood Tfh Cells and CSF Tfh Cell Between Idiopathic ON and NMOSD

The results indicated that the percentages of circulating CD4+CXCR5+ and CD4+CXCR5+PD-1 Tfh cells in CD4+ T cells were significantly higher in both ON group and NMOSD group than those of normal control group (p < 0.01; Figures 1A–C). There was no significant difference of circulating and CSF Tfh cell percentages CD4+ T cells between ON group and NMOSD groups (p > 0.05; Table 2 and Figures 1D,E).
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FIGURE 1. Comparison of Tfh cell percentage in CD4+ cells between HC, ON, and NMOSD groups. (A) The strategy for gating CD4+CXCR5+ and CD4+CXCR5+PD-1+ cells from CD4+ cells. CD4+ cells were first gated from the peripheral blood lymphocyte. The CD4+CXCR5+ and CD4+CXCR5+PD-1 cells were then gated from the CD4+ population. The data above the outlined area were the percentages of Tfh cells in CD4+cells in HC /ON/NMOSD groups. (B,C) Comparison of percentages of blood CD4+CXCR5+ and CD4+CXCR5+PD-1 cells in CD4+ T cells between NMOSD, ON, and HC groups. (D,E) Comparison of percentages of CSF CD4+CXCR5+ and CD4+CXCR5+PD-1 cells in CD4+ T cells between NMOSD, ON and HC groups.



Table 2. Changes of circulating follicular helper T cell percentages in idiopathic ON and NMOSD group.
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The results showed that the scores of EDSS and VOS were significantly decreased at discharge after methylprednisolone treatment compared with those at admission in both groups (p < 0.01; Figures 2A–D).
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FIGURE 2. Comparison of EDSS and VOS scores before and after methylprednisolone treatment in NMOSD and ON groups: (A) EDSS scores of NMOSD at admission and discharge. (B) EDSS scores of ON at admission and discharge. (C) VOS scores of NMOSD at admission and discharge. (D) VOS scores of ON at admission and discharge.


Correlation analysis showed that peripheral blood CD4+CXCR5+ Tfh cell percentages in CD4+ T cells were positively correlated with CD4+CXCR5+PD-1 (r = 0.835, p < 0.01), as well as in CSF (r = 0.881, p < 0.01). Cerebral spinal fluid and peripheral blood CD4+CXCR5+ and CD4+CXCR5+PD-1 showed a positive correlation (r = 0.5781, r = 0.6079, p = 0.00076, p = 0.00045; Figures 3A,B). No significant correlations were found between blood Tfh cell percentages and AQP4 values (p > 0.05; Figures 3C,D). There was no obvious correlation among Tfh, CSF leukocytes, CSF protein, annual recurrence rate, EDSS and VOS scores between two groups (p > 0.05).
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FIGURE 3. (A,B) Correlation analysis between CSF and blood Tfh cell percentages in CD4+ T cells of all patients with both blood and CSF samples. (C,D) Correlation analysis between blood Tfh cell percentages in CD4+ T cells and AQP4 value of NMOSD patients.





DISCUSSION

In our study NMOSD patients showed obvious female predominance (31:10), while the male-female ratio in idiopathic ON group was almost the same (25:21). Results showed that the blood Tfh cell percentages of the two disease groups were significantly higher than in the normal control group. The percentages of Tfh cells in CD4+ T cells showed a positive correlation between blood and CSF. All the idiopathic ON patients' serum AQP4 antibody were negative, but the average annual recurrence rate of recurrent ON patients was not less than that of NMOSD patients. The blood Tfh cells of idiopathic ON were also significantly increased, and they were effective to steroids treatment, indicating the possible immune-mediated pathogenesis of idiopathic ON. We are not sure that whether the first-onset idiopathic ON patients of this study are expecting recurrences or will have developed NMOSD and MS in the future, but it is obvious that Tfh cells were involved in the pathogenesis of both diseases.

Up to now, a few studies have indicated that peripheral blood Tfh cells were increased in patients with NMOSD (8–12). Studies have shown that the percentages of peripheral blood CD4+CXCR5+PD-1+Tfh cells in NMOSD patients were increased compared with those in MS and healthy controls. Memory Tfh cells and interleukin-21 were increased in peripheral blood of patients with NMOSD, suggesting that Tfh is related to NMOSD.

Previous studies have indicated that the percentages of CCR7− and CCR7−ICOS+ memory Tfh cells were positively correlated with the average ARR (9). However, our study revealed no significant correlation between CD4+CXCR5+ and CD4+CXCR5+PD-1+ Tfh cells with average ARR (r = 0.09, p > 0.05; r = 0.13, p > 0.05, respectively). The different results may be related to the different subtypes of Tfh cells studied. Tfh cells yield a population of cells that exit the GC and lymphoid tissues and then return to the circulation as a population of quiescent memory-type CD4+CXCR5+ T cells (13). Tfh cells are heterogeneous as there are different subsets of Tfh cells that have been studied, including CD4+CXCR5+ ICOS+, CD4+CXCR5+PD-1+, CD4+CXCR5+ ICOS+ PD-1+, CD4+CXCR5+ CD57+, and CD4+CXCR5+ IL-21+T cells (14). Since different groups used different markers for Tfh cell identification, further investigation is warranted to determine whether these markers are defining a different population of Tfh cells and whether different subsets of Tfh cells are correlated to ARR, states of disease, and prognosis. Our study further confirmed that Tfh cell percentages on CD4+ T cells were elevated in both the blood and CSF of NMOSD patients, and it was the first study to demonstrate that the Tfh cells were increased in the blood and CSF of idiopathic ON. We also found a significant positive correlation between blood and CSF Tfh cells. Therefore, we have deduced that activated blood Tfh cells may activate B lymphocytes to produce antibodies, which might enter the CNS through the blood-brain barrier and play a potential role in the pathogenesis of idiopathic ON and NMOSD.

In this study, EDSS and VOS scores of NMOSD and ON groups were significantly decreased at discharge after methylprednisolone treatment as compared with those at admission, indicating that methylprednisolone therapy is effective both for idiopathic ON and NMOSD in the acute stage. Feng et al. reported that corticosteroids might inhibit aberrant circulating Tfh cell proportions in patients with systemic lupus erythematosus (15). Nicolas et al. reported that the balance in Tfh cell subsets is altered in NMOSD patients and restored by rituximab (16, 17). Therefore, we speculated that the effects of corticosteroids for idiopathic ON and NMOSD in the acute stage might relate to inhibit aberrant circulating Tfh cell proportions and circulating Tfh cell proportions might be a potential indicator for immunosuppressive therapy in idiopathic ON and NMOSD in the acute stage.

The present study had some limitations. First, due to the rarity of idiopathic ON and NMOSD, the number of patients included in this study was limited. Studies of CSF samples in the healthy control and non-inflammatory disease control group need to be included. Second, CXCR5, ICOS, PD-1, CD40L and other surface molecules are all characteristically expressed by Tfh cells and are important for differentiate Tfh from other T helper cell subsets. Various markers of Tfh cells, as well as Tfh cell subsets are expected to be added to further clarify their involvement in the disease pathogenesis. Fourth, cell-based for the AQP4-IgG assessment (CBA) kit was not registered by CFDA and our laboratory had no CBA method qualification certification; therefore, we used the second-generation of AQP4 ELISA kit (RSR British Ltd, version 2) coated with the human recombinant M23 isoform of AQP4 for the study. Compared with the first generation of enzyme immunoassay kit (AQP4 M1 protein), the kit has higher sensitivity and specificity. International registration studies showed that the sensitivity of the second-generation ELISA kit was 77–89% (NMOSD) and the specificity was 95–99% (healthy people) (7, 18). At present, AQP4 ELISA is also commonly used to study NMOSD internationally, such as researches led by Mayo clinic and John Hopkins medical center (7, 9, 19, 20). However, several studies have found that ELISA method for AQP4 detection sometimes cause false positive results. To avoid false positive, we choose high titer AQP4 NMOSD patients (AQP4 > 10 U/ml) and confirmed with CBA method within our laboratory. Fifth, Although the blood Tfh cells were increased in both of idiopathic ON and NMOSD, they were not correlated to ARR, EDSS and VOS scores. Therefore, further prospective longitudinal studies with a greater number of patients and various Tfh cell markers are needed to confirm the role of Tfh cells in idiopathic ON and NMOSD.



CONCLUSION

The circulating Tfh cells were increased in both idiopathic ON and NMOSD. But whether and how they were involved in the pathogenesis of the two diseases still needs further investigation.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding author.



ETHICS STATEMENT

The studies involving human participants were reviewed and approved by Beijing TongRen Hospital, Capital Medical University. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



AUTHOR CONTRIBUTIONS

QW contributed to conception and design, collection of blood and CSF samples, and interpretation of data, statistical analysis, and drafting and revision of the manuscript. BY contributed to detect the AQP4 antibody and Tfh cells. JW contributed to conception and was the study supervisor. All authors contributed to the article and approved the submitted version.



FUNDING

This study was funded by Beijing TongRen Hospital, Capital Medical University (2018-YJJ-zzL016).



REFERENCES

 1. Lennon VA, Wingerchuk DM, Kryzer TJ, Pittock SJ, Lucchinetti CF, Fujihara K, et al. A serum autoantibody marker of neuromyelitis optica: distinction from multiple sclerosis. Lancet. (2004) 364:2106–12. doi: 10.1016/S0140-6736(04)17551-X

 2. Crotty S. T follicular helper cell differentiation, function, and roles in disease. Immunity. (2014) 41:529–42. doi: 10.1016/j.immuni.2014.10.004

 3. Rao DA, Gurish MF, Marshall JL, Slowikowski K, Fonseka CY, Liu Y, et al. Pathologically expanded peripheral T helper cell subset drives B cells in rheumatoid arthritis. Nature. (2017) 542:110–4. doi: 10.1038/nature20810

 4. Wang J, Shan Y, Jiang Z, Feng J, Li C, Ma L, et al. High frequencies of activated B cells and T follicular helper cells are correlated with disease activity in patients with new-onset rheumatoid arthritis. Clin Exp Immunol. (2013) 174:212–20. doi: 10.1111/cei.12162

 5. Crotty S. T follicular helper cell biology: a decade of discovery and diseases. Immunity. (2019) 50:1132–48. doi: 10.1016/j.immuni.2019.04.011

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

 7. Tampoia M, Abbracciavento L, Barberio G, Fabris M, Bizzaro N, Study Group on Autoimmune Diseases of the Italian Society of Clinical Pathology and Laboratory Medicine. A new M23-based ELISA assay for anti-aquaporin 4 autoantibodies: diagnostic accuracy and clinical correlation. Autoimmun Highlights. (2019) 10:5. doi: 10.1186/s13317-019-0115-7

 8. Li YJ, Zhang F, Qi Y, Chang GQ, Fu Y, Su L, et al. Association of circulating ollicular helper T cells with disease course of NMO spectrum disorders. J Neuroimmunol. (2015) 278:239–46. doi: 10.1016/j.jneuroim.2014.11.011

 9. Fan X, Jiang Y, Han J, Liu J, Wei Y, Jiang X, et al. Circulating memory T follicular helper cells in patients with neuromyelitis optica/neuromyelitis optica spectrum disorders. Mediators Inflamm. (2016) 2016:3678152. doi: 10.1155/2016/3678152

 10. Monteiro C, Fernandes G, Kasahara TM, Barros PO, Dias ASO, Araújo ACRA, et al. The expansion of circulating IL-6 and IL-17-secreting follicular helper T cells is associated with neurological disabilities in neuromyelitis optica spectrum disorders. J Neuroimmunol. (2019) 330:12–8. doi: 10.1016/j.jneuroim.2019.01.015

 11. Li X, Wang L, Zhou L, ZhangBao J, Miao MZ, Lu C, et al. The imbalance between regulatory and memory B cells accompanied by an increased number of circulating T-follicular helper cells in MOG-antibody-associated demyelination. Mult Scler Relat Disord. (2019) 36:101397. doi: 10.1016/j.msard.2019.101397

 12. Fan X, Lin C, Han J, Jiang X, Zhu J, Jin T. Follicular helper CD4+ T cells in human neuroautoimmune diseases and their animal models. Mediators Inflamm. (2015) 2015:638968. doi: 10.1155/2015/638968

 13. Tangye SG, Ma CS, Brink R, Deenick EK. The good, the bad and the ugly-TFH cells in human health and disease. Nat Rev Immunol. (2013) 13:412–26. doi: 10.1038/nri3447

 14. Gensous N, Charrier M, Duluc D, Contin-Bordes C, Truchetet ME, Lazaro E, et al. T follicular helper cells in autoimmune disorders. Front Immunol. (2018) 9:1637. doi: 10.3389/fimmu.2018.01637

 15. Feng X, Wang D, Chen J, Lu L, Hua B, Li X, et al. Inhibition of aberrant circulating Tfh cell proportions by corticosteroids in patients with systemic lupus erythematosus. PLoS ONE. (2012) 7:e51982. doi: 10.1371/journal.pone.0051982

 16. Nicolas P, Ruiz A, Cobo-Calvo A, Fiard G, Giraudon P, Vukusic S, et al. The balance in T follicular helper cell subsets is altered in neuromyelitis optica spectrum disorder patients and restored by rituximab. Front Immunol. (2019) 10:2686. doi: 10.3389/fimmu.2019.02686

 17. Zhao C, Li HZ, Zhao DD, Ma C, Wu F, Bai YN, et al. Increased circulating T follicular helper cells are inhibited by rituximab in neuromyelitis optica spectrum disorder. Front Neurol. (2017) 8:104. doi: 10.3389/fneur.2017.00104

 18. Franciotta D, Gastaldi M, Sala A, Andreetta F, Rinaldi E, Ruggieri M. Diagnostics of the neuromyelitis optica spectrum disorders (NMOSD). Neurol Sci. (2017) 38:231–6. doi: 10.1007/s10072-017-3027-1

 19. Kessler RA, Mealy MA, Jimenez-Arango JA, Quan C, Paul F, López R, et al. Anti-aquaporin-4 titer is not predictive of disease course in neuromyelitis optica spectrum disorder: a multicenter cohort study. Mult Scler Relat Disord. (2017) 17:198–201. doi: 10.1016/j.msard.2017.08.005

 20. Jiao YJ, Fryer JP, Lennon VA, Jenkins SM, Quek AM, Smith CY, et al. Updated estimate of AQP4-IgG serostatus and disability outcome in neuromyelitis optica. Neurology. (2013) 81:1197–204. doi: 10.1212/WNL.0b013e3182a6cb5c

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

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

Copyright © 2021 Wu, Yang 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.



OPS/images/fneur-12-638473-t002.jpg
Group Number ~ CD4*CXCRS* (%)  CD4*CXCRS*-PD-1 (%)

Median (IQR) Median (IQR)
NMOSD 41 16.22 (18.14-19.89)" 10.09 (8.89-13.09)"
ON 46 16.97 (12.96-20.39)" 10.49 (8.14-11.95
HC 28 12.92 (8.35-15.04) 6.05 (4.78-7.23)

ON, optic neuritis; NMOSD, neuromyelis optica spectrum disease; HC, health control;
IR, interquartie range.

““Represent p < 0.01 compared with normal control group. The values in the table
represent the percentages of CXCR5* and CXCR5*-PD-1* cells in CD4* T cells.





OPS/images/fneur-12-638473-g003.gif





OPS/images/fneur-12-638473-t001.jpg
Clinical

Idiopathic NMOSD HC p-value
characteristic ON
n 46 41 28
Male (%) 21(45.7) 5(12.2) 11(39.9)
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First attack (%) 34(73.9) 10 (24.4) p=0000
Relapses (%) 12 (26.1) 31(75.6)
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