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The changes in the serum levels of aquaporin-4-IgG (AQP4-IgG), immunoglobulins, and inflammatory mediators in neuromyelitis optica spectrum disorder (NMOSD) cases treated with immunoadsorption have been rarely described in detail. Here we report a 29-year-old steroid-resistant NMOSD female with a severe disability (bilateral blindness and paraplegia) who received protein-A immunoadsorption as a rescue treatment. During the total 5 sessions, the circulating level of AQP4-IgG, immunoglobulins, and complement proteins (C3 and C4) showed a rapid and sawtooth-like decrease, and the serum AQP4-IgG titer declined from 1:320 to below the detectable limit at the end of the 3rd procedure. Of all the antibodies, IgG had the biggest removal rate (>96.1%), followed by IgM (>66.7%) and IgA (53%), while complement C3 and C4 also dropped by 73% and 65%, respectively. The reduced pro-inflammatory cytokines (interleukin-8 and tumor necrosis factor-α) and marked increased lymphocyte (T and B cell) counts were also observed. The improvement of symptoms initiated after the last session, with a low AQP4-IgG titer (1:32) persisting thereafter. Accordingly, protein-A immunoadsorption treatment could be one of the potential rescue therapies for steroid-resistant NMOSD patients with a severe disability.
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Introduction

Neuromyelitis optica spectrum disorder (NMOSD) is commonly considered an antibody-mediated autoimmune debilitating disease, with only a small proportion of acute NMOSD attacks achieving a complete remission (1, 2). The pathogenic aquaporin-4-IgG (AQP4-IgG) can be detected in most NMOSD patients and tends to be associated with frequent relapses (3, 4). Traditionally, the majority of the sufferers can benefit from pulsed high-dose intravenous methylprednisone (IVMP), accelerating clinical improvement and shortening the acute phase. For those refractory patients with severe attacks who are insufficiently responsive to glucocorticoids, plasma exchange (PE) and immunoadsorption can be alternative rescue or adjunctive therapies. In fact, previous studies have noted that the apheresis techniques, especially used as the first-line therapy in the early stage, can achieve a better outcome than steroids in treating NMOSD attacks (5, 6). Compared to glucocorticoids, this treatment strategy seems to exert a quicker and more potent effect on controlling the excessive immune response via direct removal of antibodies, pro-inflammatory cytokines, and complement proteins from the serum, which might reduce the relapse in a short term due to the subsequent reduced serum pathogenic AQP4-IgG concentration.

Nevertheless, the potential exposure to blood-borne diseases, allergens, and the shortage of plasma limit its wide application. Theoretically, protein-A immunoadsorption can selectively remove immunoglobulins and complement proteins without transfusing foreign blood products, spare albumin, and clotting factors, and have fewer adverse effects, which appear to be superior to PE (7–9). Previous reports have mentioned the changes of the antibody levels in patients with AQP4-IgG seropositive NMOSD during the immunoadsorption (8, 10), without involving the complement proteins, cytokine profiles, and lymphocyte system. Here, we report a case with a severe disability due to NMOSD relapse recovered by protein-A immunoadsorption, with a detailed description of the alteration in serum AQP4-IgG titer, the concentration of inflammatory mediators, and the lymphocyte subsets.



Case Presentation

A 29-year-old female who was first diagnosed with NMOSD in 2012 could recover from pulsed glucocorticoids during the initial several attacks. However, since 2014, she benefited little from this therapy and began to receive PE as the rescue treatment during the 3 severe relapses (Expanded Disability Status Scale, EDSS score ≥6) in the following 5 years. Azathioprine (150mg/d for 1 year) and tacrolimus (3mg/d for 2.5 years) were given as the maintenance therapies, respectively, but failed to prevent the clinical attacks. The detailed timeline with relevant data of the past episodes and interventions was summarized in Figure 1. Three days before admission, she suffered paraplegia and blindness without any immunosuppressant treatment. No other personal or family history of autoimmune diseases was reported. Drug abuse and psychological disorders were denied, either. Owing to the occurrence of the ongoing severe disability and lack of plasma, protein-A immunoadsorption was tried with consent from the patient.




Figure 1 | The timeline with relevant data of the past episodes and interventions. *Severe relapse treated with plasma exchange. #This admission. AZA, azathioprine; TAC, tacrolimus.



At nadir, neurological examination revealed paraplegia, with hypermyotonia and tendon hyperreflexia. She also had bilateral blindness without light perception, and her EDSS score was assessed at 8. MRI of the cervical and thoracic spine showed a longitudinally extensive T2-hyperintense lesion, with the central portion of the cord involved (Figures 2A–C). A significant enhancement and thickening of the optic nerve sheaths were also observed (Figure 2D).




Figure 2 | MRI of the NMOSD lesions. MRI of the cervical and thoracic spine showed a longitudinally extensive T2-hyperintense lesion [(A, B), white arrows], which involved the central portion of the cord [(C), white arrowhead]. A significant enhancement and thickening of the bilateral optic nerve sheaths were observed [(D), yellow arrows].



The complete blood cell count, basic metabolic panel, and liver function were within normal limits. A cerebral spinal fluid (CSF) study showed a normal cell count (0*106/L, reference range: 0-8*106/L), protein level, and oligoclonal band, with an IgG index of 0.6 (reference range: 0-0.7). AQP4-IgG tested by cell-based assay (CBA) revealed a positive result, with a titer of 1:320 in the serum (Figure 3A) and 1:1 in the CSF, while the myelin oligodendrocyte glycoprotein antibody (MOG-IgG), glial fibrillary acidic protein antibody (GFAP-IgG), myelin basic protein antibody (MBP-IgG), AQP1-IgG, and Flottilin1/2-IgG in the serum and CSF, which were also measured by CBA, were undetectable.




Figure 3 | The changes in serum AQP4-IgG levels performed by cell-based assay before and after each protein-A immunoadsorption treatment (A) and the changes in serum concentration of immunoglobulins and complement proteins before and after each session (B). Each treatment could lead to a significant decline in the serum AQP4-IgG titer, IgA, IgG, IgM, as well as C3 and C4 levels, with a slight rebound before the next therapy.



The patient consent was then obtained before intravenous catheterization and combined anticoagulation with heparin. The protein-A immunoadsorption was started one week after onset, with the pulsed glucocorticoids (1000mg/d) and concomitant supportive therapies given 3 days ago. The immunoadsorption column (KONPIA, KONCEN, China) can be reused no more than 10 sessions as long as the absorbed antibodies are eluted from the column after each procedure according to the product instruction, while the plasma separator and tubing system are for single use only. During 5 sessions, each treatment filtered approximately 3 liters of plasma every other day. The levels of AQP4-IgG, complement proteins (C3 and C4), and immunoglobulins in the serum were detected at the beginning and the end of every procedure. Cytokine profiles (solid-phase two-site chemiluminescent immunometric assay, IMMULITE 1000 Analyzer, Siemens) and lymphocyte subsets (flow cytometry, BD Biosciences) were only analyzed before and after all the sessions. The results revealed that each treatment could lead to a significant reduction in the AQP4-IgG titer, while a slight rebound was always observed before the start of the next therapy (Figure 3A). The serum AQP4-IgG decreased rapidly to below the detectable limit after the 3rd session of treatment and kept a lower titer (1:32) until the patient was discharged 2 weeks later. The IgG, IgA, IgM, C3, and C4 demonstrated almost the same trends (Figure 3B). Of all the antibodies, IgG had the biggest reduction rate (>96.1%), followed by IgM (>66.7%), and IgA was least able to be eliminated (53%) (Table 1). Interestingly, C3 and C4 components also declined by more than 60% (C3: 73%, C4: 65%). The decline of these immune components tended to become flat after 3 treatment procedures, similar to the change of AQP4-IgG. The analysis of lymphocyte subsets revealed that the natural killer (NK) cells had a remarkable decrease in percent (before vs after: 13.85% vs 3.54%) and number (before vs after: 265 cells/μL vs 98 cells/μL), while the number of T cells and B cells rose significantly, with the total lymphocytes (T cells + B cells + NK cells) elevating from 1905 to 2753 cells/μL (Table 2). The proportion of the activated T cells (CD3+HLA-DR+) and activated Ts cells (CD3+CD8+HLA-DR+)/Ts decreased from 10.28% and 17.57% to 6.91% and 12.23%, respectively. The percent of regulatory T cells (Treg, CD3+CD4+CD25+CD127low+) had a mild drop (before vs after: 5.08% vs 4.6%), with a major decline of the natural Treg cells (CD45RA+CD3+CD4+CD25+CD127low+) (before vs after: 1.69 vs 1.16%). There were unapparent differences in the interferon-γ (IFN-γ) producing lymphocytes (PMA/ionomycin-stimulated lymphocyte function assay) before and after treatment. The concentration of pro-inflammatory cytokines including interleukin-8 (IL-8) and tumor necrosis factor-α (TNF-α) also reduced, with an insignificant change in IL-6 level (electrochemiluminescence method, Roche Diagnostics) (Table 2). The patient did not report any discomfort and no infection or thrombosis occurred during the therapy. Notably, her symptoms did not improve with the reduction of AQP4-IgG or other immune components until the end of the 5th session. She got a recovery from bilateral complete blindness to hand move, and the final EDSS score was assessed at 5 one week after the last session at the timing of discharge. Mycophenolate mofetil (1500mg/d) instead of tacrolimus (3mg/d) was given as the maintenance treatment afterward. She refused a repeated test for immunoglobulins, complement proteins, cytokine profiles, and lymphocyte subsets when discharged. Disability including paraplegia and visual disturbance further ameliorated (visual acuity: OS: 0.6, OD: 0.2), with the EDSS of 3, and no relapse or drug-related adverse event was reported in the next 6-month follow-up.


Table 1 | The changes in the level of serum immunoglobulins and complement proteins (C3 and C4) before and after each session of immunoadsorption.




Table 2 | The changes of lymphocyte subsets and cytokines before and after treatment.





Discussion

We report a case of AQP4-IgG seropositive steroid-resistant NMOSD with severe relapse who profited from protein-A immunoadsorption. The rapid and sawtooth-like decrease of the complement proteins and antibody levels, especially AQP4-IgG, the declined pro-inflammatory mediators, as well as the subsequent clinical improvement suggest that immunoadsorption could be one of the rescue therapeutic options for severely affected NMOSD patients.

Protein-A immunoadsorption selectively eliminates immunoglobulins by filtering plasma through columns containing Staphylococcus cell wall–derived protein A. Each protein-A molecule has three potential binding sites for IgG, with a more potent affinity for it than IgM (11). Further, other circulating immune components including complement proteins and inflammatory cytokines can also be removed (12), although the underlying mechanisms remain to be fully elucidated. In line with these, we observed a sharp decrease in the serum level of AQP4-IgG and the biggest reduction rate (>96.1%) in (total-)IgG in our case, followed by IgM (>66.7%) and IgA (53%), with a drop of complement C3 and C4 simultaneously. Moreover, 3 sessions could reduce the IgG to below the detectable limit and the decline in immunoglobulin and complement protein levels tended to become flat, implying that 3 or 4 immunoadsorption procedures might be enough in treating antibody-mediated autoimmune diseases. In addition, the immunoglobulin depletion in the serum can cause an osmotic equilibration between extra- and intravascular space (13), probably leading to a reduction of pathogenic antibodies and other immune complexes e.g. complement proteins in the central nervous system (CNS) and finally minimizing the irreversible CNS damage. This redistribution was observed indirectly by a slight rebound of sero-immunoglobulins before every treatment and contributed to the sawtooth-like kinetics of antibody concentrations in the bloodstream (Figure 3B, Table 1).

Besides, as an IgG1-isotype antibody, AQP4-IgG could trigger the complement cascade and may cause complement-dependent cytotoxicity, which was observed by the vasculo-centric deposition of immunoglobulins and complement components in the acute lesions (14). Theoretically, complement depletion treatment may attenuate the CNS damage through the reduced formation of the membrane attack complex, which is implicated in astrocyte destruction and neuronal injury (15). Also, this therapy resulted in a significantly lower risk of relapse in patients with NMOSD (15). Generally, the complement system can be activated through 3 different pathways: the classical, lectin, and alternative pathways (16). Complement C4 component via the classical and/or lectin pathways and C3 via the alternative pathway are required in producing inflammatory mediators such as C3a and C4a and proceeding the complement cascade (16). In previous studies, the activation of complement C3 appeared to be positively associated with disease activity and neurological disability in patients with NMOSD (17, 18). Consistent with this, after 5 immunoadsorption procedures, the circulating levels of complement proteins including C3 and C4 in our case had significant removal rates of 73.2% and 65.2%, respectively, with the clinical improvement and a short relapse-free period thereafter. However, when compared to IgG, complement components seemed less vulnerable to be eliminated by immunoadsorption therapy alone (7). Besides, the activation of the complement system could also be possibly suppressed after the clearance of AQP4-IgG and therefore reduced binding to AQP4.

A marked increase of the T cell and B cell counts was observed after the therapy (Table 2), with a reduced proportion of the activated T (CD3+HLA-DR+) and Ts cells (CD3+CD8+HLA-DR+), implying a possibly improved immune system, which could be a downstream effect after the clearance of the pro-inflammatory mediators. In contrast, the percent and number of NK cells had a pronounced drop, which was also noted by previous studies as a potential biomarker candidate for acute-phase NMOSD (19, 20), although the underlying cause has been still unclear. A significantly increased level of Tregs (CD3+CD4+CD25+CD127low+) after immunoadsorption treatment in a previous study (21) was not found in our case. Also, the concentration of pro-inflammatory cytokines including IL-8 and TNF-α reduced, which may lower the disease activity, while an elevated IL-6 level during the acute phase, noted by previous researches (22, 23), was not observed here, either.

Generally, pulsed high-dose IVMP is widely used as the first-line treatment for acute exacerbations of NMOSD, with considerable benefit in most patients. Glucocorticoids act by inhibiting a series of inflammation processes through multiple mechanisms, including reducing the proinflammatory cytokines and suppressing the T-cell activation. However, steroid resistance is probably the summative effect of polymorphism of the glucocorticoid receptor (24), altered cytokines expression (25), etc., which compromises the anti-inflammatory activity of glucocorticoids, although the exact underlying causes are still not fully understood. Theoretically, protein-A immunoadsorption can rapidly decrease loads of the circulating pathogenic antibodies and pro-inflammatory mediators, possibly exerting a faster and potent anti-inflammatory effect than glucocorticoids or serving as adjuvant therapy to improve the sensitivity to steroids, especially for refractory cases with extensive and serious injuries.

It is noteworthy that although the pathogenic AQP4-IgG can induce a series of inflammatory cascades, causing damage to the CNS, the clinical improvement did not occur instantly with the reduction of the serum AQP4-IgG until the 5th session. This may be associated with delayed depletion of the immune complexes in the CNS and necessary time for neural repair. Moreover, although AQP4-IgG is much more concentrated in plasma than in CSF73, suggesting the peripheral origin and secondary entry to the CNS, the serum AQP4-IgG in our case persisted (1:32) while the symptoms remitted, implying that the circulating AQP4-IgG alone is insufficient to produce NMOSD lesions (14). It has also been supported by the previous observations that the serum AQP4-IgG might be present for years and will increase in concentration before attacks (3, 26). Nevertheless, it is one of the limitations that the data on IgA, IgG, IgM, C3 or C4, and cytokine levels, as well as the lymphocyte subsets 2 weeks after discharge, were missing due to the patient’s refusal.

Besides, the side effects and costs of a particular treatment should also be taken into account. In the previous studies (9, 27) on autoimmune encephalitis, the immunoadsorption therapy was almost well tolerated. The venous catheter-related adverse events should be drawn attention, albeit no thrombosis or patient-reported discomfort occurred in our case. Although this treatment, admittedly, has been still costly from the patient perspective, which is the major limitation for wide application, the potential benefits from the reduced neurologic impairment, accelerated clinical recovery, and the short length of hospital stay may outweigh its risks and costs in patients with severe NMOSD acute attack.

Nonetheless, after all, immunoadsorption is not a panacea for all the NMOSD attacks, for those non-responders after 5 procedures, more sessions seem feasible (28). Moreover, even if this treatment could not contribute to any remission in a short term, the patient could still benefit from the removal of pathogenic immune complexes, which may help provide a temporarily stable immunological seedbed for further neural repair and an improved outcome achieved by the subsequent long-term and slow-acting immunotherapies e.g. mycophenolate mofetil (1500mg/d) in our case.



Conclusions

We demonstrated the changes in the serum level of AQP4-IgG, immunoglobulins, complement proteins (C3 and C4), and cytokine profiles as well as the alterations of lymphocyte subsets in a protein-A immunoadsorption treated case. Immunoadsorption can exert the anti-inflammatory effect via rapid clearance of the pathogenic antibodies and other immune components and could be one of the potential rescue therapies for steroid-resistant NMOSD patients with a severe disability.
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NK cells (CD3-/CD16+CD56+), % 13.85 3.54 7-40
NK cell count (CD3-/CD16+CD56+), cells/uL 265 98 150-1100
T cells +B cells + NK cells, % 99.52 99.58 95-105

T cell +B cell + NK cell count, cells/ul 1905 2753

Th/Ts 2.09 167 0.71-2.78
Th (CD3+CD4+CD28+)/Th, % 93.91 97.77 84.11-100.00
Tc (CD3+CD8+CD28+)/Ts, % 81.42 91.54 48.04-77.14
Activated T cells (CD3+HLA-DR+), % 10.28 6.91 9.04-25.62
Activated Ts cells (CD3+CD8+HLA-DR+)/Ts, % 17.57 12.23 20.73-60.23
Naive Th cells (CD3+CD4+CD45RA+)/Th, % 35.8 30.34 36.41-57.07
Memory Th cells (CD3+CD4+CD45RO+)/Th, % 64.2 69.66 44.44-68.94
Treg (CD3+CD4+CD25+CD127low+), % 5.08 4.6 3.13-6.49
Natural Treg (CD45RA+CD3+CD4+CD25+CD127low+), % 1.69 1.16 2.07-4.55
Induced Treg (CD45RO+CD3+CD4+CD25+CD127low+), % 3.39 3.44 1.03-2.29
IFN-y producing CD4+ T cells/Th, % 18.8 18.77 14.54-36.96
IFN-y producing CD8+ T cells/Ts, % 29.49 25.72 34.93-87.95
IFN-y producing NK cells/NK cells, % 72.25 65.88 61.2-92.65
IL-1B (pg/mi) <5 <56 <56
IL-2R (U/mi) 582 378 223-710
IL-6 (pg/ml) 225 2 <7.0
IL-8 (pg/mi) 4.7 16.2 <62
IL-10 (pg/ml) <5 <5 <91
TNF-a (pg/mi) 9.9 43 <8.1

*Ts cells (CD3+CD8+) included Tc (CD3+CD8+CD28+) and Ts (CD3+CD8+CD28-).
Th cell, helper T cell; Ts cell, suppressor T cel; Tc cell, cytotoxic T cell; NK cell, natural killer cell; Treg cel, regulatory T cell; IFN , interferon; IL-2R, interleukin-2 receptor; TNF, tumor
necrosis factor.
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Before 5th session
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Reduction Rate, %
Reference Range

IgA, g/L

1.57
142
1.08
091
115
0.86
0.99
0.8
0.97
0.74
52.9

0.82-4.53

19G, g/L

7.6
1.3
3.2
0.4
16
<0.3
1
<0.3
0.9
<0.3
>96.1

7.51-15.6

IgM, g/L

0.12
0.06
0.06
0.05
0.06
<0.04
0.05
0.04
0.04
<0.04
>66.7
0.46-3.04

C3,g/L

0.82
0.53
0.69
0.47
0.67
0.35
0.48
0.26
0.44
0.22
73.2
0.65-1.39

C4, g/L

0.23
0.16
0.2
0.15
0.22
0.12
0.16
0.12
0.14
0.08
65.2
0.16-0.38





