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Fulminant Course of Neuromyelitis Optica in a Patient With Anti-MDA5 Antibody-Positive Dermatomyositis: A Case Report
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Anti-melanoma differentiation-associated gene 5 (anti-MDA5) antibody is a myositis-specific marker detected in clinically amyopathic dermatomyositis (DM). DM with anti-MDA5 antibody can be accompanied by rapidly progressive interstitial lung disease (RP-ILD) and other autoimmune disorders. Until now, only one case of neuromyelitis optica (NMO) with anti-MDA5-positive DM has been reported worldwide, in which the patient achieved a favorable outcome with intensive immunotherapy. We report a case of NMO in a patient with anti-MDA5-positive DM complicated by ILD and rheumatoid arthritis. Our patient experienced a fulminant course of NMO, rather than RP-ILD, in the presence of hyperferritinemia, which resulted in profound neurological sequelae despite immunotherapy including rituximab.
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INTRODUCTION

Anti-melanoma differentiation-associated gene 5 (anti-MDA5) antibody is a myositis-specific marker detected in clinically amyopathic dermatomyositis (DM) (1). Anti-MDA5-positive DM is known to be complicated by rapidly progressive interstitial lung disease (RP-ILD), resulting in high mortality (2, 3). Serum ferritin level is a disease activity biomarker in interstitial lung disease (ILD) with anti-MDA5-positive DM (4). Neuromyelitis optica (NMO) is an immune-mediated inflammatory disease of the central nervous system whose pathogenesis is linked to anti-aquaporin-4 (anti-AQP4) antibody (5). To the best of our knowledge, only one case of NMO with anti-MDA5-positive DM has been reported worldwide, in which the patient achieved a favorable outcome with intensive immunotherapy (6). Herein, we report a case of NMO with high disease activity in the presence of anti-MDA5 antibody and persistent hyperferritinemia, which resulted in profound neurological sequelae.



CASE PRESENTATION

A 35-year-old man who had a 2-month history of urinary difficulty was referred to our neurology clinic for evaluation of decreased visual acuity of the right eye and paresthesia of both legs. Within the last 2 months, he had been diagnosed with rheumatoid arthritis (RA), ILD, and clinically amyopathic DM.

When the patient first visited the rheumatology clinic, he had a 4-week history of non-productive cough and joint pain with morning stiffness in both hands. The detailed clinical course of the patient is shown in Figure 1. On physical examination, erythematous or purpuric patches with crusts on the anterior chest, knuckles, and elbows (Figures 2A,B) were observed. Ultrasonography of joints showed synovitis and effusion involving multiple small joints (both wrist joints and five small joints of both hands) and both knee joints. The three-phase bone scintigraphy revealed inflammation in the affected joints (Figure 2C). Computed tomography (CT) of the chest showed perilobular consolidations and fibrosis in the posterior aspect of both lower lungs (Figure 4A). In pulmonary function test (PFT), forced vital capacity (FVC) was decreased (3.05 L, 61% of predicted value), and forced expiratory volume in 1 s (FEV1)/FVC ratio was increased (93%), which were suggestive of restrictive lung disease. The serologic test showed positivity for antinuclear antibody (titer 1:40), rheumatoid factor (59.4 IU/ml, normal range <14 IU/ml), and anti-cyclic citrullinated peptide antibody (9.5 U/ml, normal range <5 U/ml). The levels of acute phase reactants including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), and serum ferritin were elevated as follows: ESR 66 mm/h (normal range <20 mm/h), CRP 1.03 mg/dl (normal range <0.3 mg/dl), and ferritin 743 ng/ml (normal range 4–275 ng/ml). Skin biopsy of the anterior chest showed superficial perivascular inflammation (Figure 2D).


[image: Figure 1]
FIGURE 1. Clinical course and changes in the serum ferritin level of the patient. Anti-MDA5-positive dermatomyositis (DM), interstitial lung disease (ILD), and rheumatoid arthritis (RA) were improved after immunotherapy with corticosteroids and tacrolimus (TAC), but neuromyelitis optica (NMO) frequently relapsed from mid-May (in 2019). NMO and ILD were exacerbated after rituximab (RTX) induction. Hyperferritinemia persisted throughout the course of illness. The change of serum ferritin was divided into three segments based on the inflection points: rising (A), plateau (B), and falling (C) phases. (A) Serum ferritin level initially decreased by 30% at the beginning of immunotherapy but kept increasing despite symptomatic improvement of ILD. (B) Serum ferritin level remained high in the period of frequent relapses of NMO. (C) Serum ferritin level drastically dropped after plasma exchange (PLEX). The length of the straight line indicates the duration of symptoms or signs. The thickness of straight lines and the size of circles or rectangles directly indicate clinical severity. The solid line and dotted lines reflect the presence and alleviation of the symptoms, respectively. TM, transverse myelitis; ON, optic neuritis; Lmp, intravenous low-dose methylprednisolone; Hmp, intravenous high-dose methylprednisolone; UTI, urinary tract infection.
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FIGURE 2. The initial cutaneous, imaging, and pathological findings of the patient. (A) An erythematous patch with scales was seen in the anterior chest. (B) A diffuse purpuric patch with crusts was seen in the left elbow. (C) The three-phase bone scintigraphy revealed increased uptake in both wrists and interphalangeal joints. (D) Skin biopsy of the chest displayed a couple of small vessels with perivascular inflammatory cell infiltration in the upper dermis (H&E, ×100). (E) Thigh MRI showed multifocal infiltrations in the anterior thigh muscles with left side dominancy. (F) Biopsy of the left vastus lateralis muscle revealed a small number of atrophic angular myocytes (arrows) in the perifascicular area (H&E, ×100).


Under the diagnosis of RA-ILD, the patient started intravenous (IV) methylprednisolone therapy. A week after hospitalization, a sudden elevation (2,187 IU/L, normal range 56–244 IU/L) of serum creatine kinase (CK) was observed. Though the patient did not complain of muscle weakness and myalgia, magnetic resonance imaging (MRI) of the thigh showed contrast-enhancing asymmetric and patchy T2-hyperintensity in hip and thigh muscles (Figure 2E). Anti-synthetase antibodies and anti-Mi-2 antibodies were negative. The pathologic finding of muscle biopsy led to additional diagnosis of DM (Figure 2F). The patient continued IV methylprednisolone therapy (20–40 mg daily) for a month and took oral deflazacort (24 mg daily) and tacrolimus (1–2 mg daily) for the next month. The symptoms and signs including arthralgia and cough almost improved, and the levels of muscle enzymes normalized. Nevertheless, serum ferritin level has been gradually increasing up to 1,210 ng/ml after a transient decrease at the beginning of immunotherapy (Segment A in Figure 1).

When the patient presented to a neurology clinic with visual and sensory symptoms, it had been 3 months since the onset of symptoms of RA and ILD. Neurological examination showed dilated pupil of the right eye with responsiveness, paresthesia below T4 dermatome, and bilaterally positive Babinski sign. Visual field (VF) test showed altitudinal hemianopia involving the lower hemisphere (Figure 3A). Brain MRI showed retrobulbar neuritis of the right optic nerve (Figure 3C) without abnormality in the brain. Spine MRI showed multifocal contrast-enhancing T2-hyperintensity involving the thoracic spinal cord (Figure 3D). CSF analysis showed elevated protein levels (72.8 mg/dl, normal range <45 mg/dl) without pleocytosis. Serologic study revealed positivity (1+) for anti-AQP4 antibody (measured by cell-based indirect immunofluorescence assay) and strong positivity (2,875 U/ml, normal value <32 U/ml) for anti-MDA5 antibody (measured by enzyme-linked immunosorbent assay). Ultimately, the patient was diagnosed with anti-AQP4-positive NMO combined with anti-MDA5-positive DM with ILD and RA. Two cycles of IV pulsed methylprednisolone (1,000 mg daily for five consecutive days) were injected a week apart, and the dose of tacrolimus was increased to 3 mg daily. The visual acuity got better gradually (Figure 3B), but sensory disturbance did not. Although pulmonary fibrosis seemed to be slightly progressed on the regular follow-up chest CT, his respiratory symptoms and FVC were rather improved (Figure 4B). Meanwhile, serum ferritin level constantly remained high at above 1,000 ng/ml (Segment B in Figure 1).
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FIGURE 3. Serial visual field tests and MRI findings of NMO in the patient. (A) The initial visual field (VF) test demonstrated the incomplete loss of the inferior and peripheral vision in the right eye, which partially improved after corticosteroid therapy (B). (C) Axial (a) and coronal (b) T1-weighted orbit MR images showed contrast enhancement in the right optic nerve at the back of the eye (arrow). (D) Sagittal MRI of the thoracic spine showed multifocal T2-hyperintensity (a) with patchy contrast enhancement (b). (E) VF test performed at the second attack of ON showed near-total blindness of the right eye, which was exacerbated to complete blindness a week after rituximab injection (F). (G) Follow-up orbit MRI showed the contrast-enhancing lesions (arrows) affecting the entire right optic nerve on the axial (a) and coronal (b) T1-weighted images. (H) Follow-up spine MRI after the second rituximab injection showed long segmental T2-hyperintensity (a) with diffuse enhancement (b) in the thoracic cord extending from T4 to T11 vertebral levels. OD, oculus dexter.



[image: Figure 4]
FIGURE 4. Serial chest CT findings and pulmonary functions of the patient. (A) Initial CT at the time of diagnosis of ILD showed perilobular consolidations and fibrosis in posterior aspects of the lower lobes, and forced vital capacity (FVC) was 3.05 L. (B) CT performed just before the rituximab injection showed the increased extent of fibrosis. However, the patient did not complain of respiratory symptoms including cough or dyspnea, and FVC was slightly improved by 4.6% compared to baseline. (C) CT performed immediately after the second rituximab injection showed an increased extent of fibrosis and perilobular consolidations. The patient developed mild dyspnea, and FVC declined by 11% from the latest one.


A month after the first attack of optic neuritis, his vision of the right eye suddenly worsened again. VF exam showed severe visual disturbance with periphery involvement (Figure 3E), and rituximab (IV, 1,000 mg each, 2 weeks apart) was decided to be administered to prevent further relapse of NMO. However, his VF defect was exacerbated after the first rituximab injection (Figure 3F), and orbit MRI demonstrated the relapse of optic neuritis (Figure 3G). Furthermore, the patient developed mild dyspnea (oxygen demand, 2 L/min via nasal prong) followed by complete paraplegia and lack of voiding after a subsequent rituximab injection. Spine MRI showed longitudinally extensive transverse myelitis involving the thoracic cord (Figure 3H). FVC declined to 2.83 L (56% of the predicted) in PFT, and ILD was aggravated on chest CT (Figure 4C). Fluorescence intensity of anti-AQP4 antibody significantly increased to 4+, even though CD19+ B-cells constituted 0.1% of the total lymphocytes. Oral immunosuppressants (prednisone 20 mg and tacrolimus 3 mg) were discontinued owing to recurrent urinary tract infection and subsequent Klebsiella aerogenes bacteremia, and the patient underwent eight sessions of therapeutic plasma exchange (PLEX). Serum ferritin level drastically decreased by 64% (from 1,109 to 399 ng/ml) after PLEX (Segment C in Figure 1). The patient showed no clinical deterioration for the next 4 months, and his respiratory distress slowly improved. However, prior neurological disability including blindness of the right eye, paraplegia, and bladder dysfunction failed to improve.



DISCUSSION

This case showed a rare combination of NMO and overlapping rheumatic diseases associated with anti-MDA5 antibody, which resulted in serious neurological disability. In the previous report of NMO with anti-MDA5-positive DM, the patient had a good outcome after combined immunotherapy with corticosteroids, rituximab, cyclophosphamide, and PLEX (6). Our current patient also appeared to have a favorable course during the first 2 months after the initiation of immunotherapy. However, NMO relapsed frequently within the following 2 months, whereas symptoms or signs of anti-MDA5-associated diseases were rather silent. In addition, the patient experienced an unexpected exacerbation of NMO and ILD after rituximab induction.

Though the pathogenesis of anti-MDA5-positive DM is largely unknown, the involvement of the hyperactivated interferon system has been suggested (7). Serum level of interferon-alpha (IFN-α) was aberrantly elevated in patients with anti-MDA5-positive DM and shown to be correlated with disease activity (7, 8). Although serum IFN-α level was not measured, it was expected to be elevated in this study. Meanwhile, growing evidence indicates that the elevation of serum IFN-α level might also take part in the pathogenesis or disease activity of anti-AQP4-positive NMO (9–11). There are cases of NMO induced by the therapeutic use of recombinant IFN-α for other diseases (10, 11). Moreover, there was a case of anti-AQP4-positive NMO in a child with increased endogenous IFN-α level (12). Taken together, elevation of IFN-α in the presence of anti-MDA5 antibody might also affect the pathogenesis or high disease activity of NMO in this study.

Serum ferritin is an acute phase reactant induced by various cytokines in inflammatory responses (13, 14). In our case, hyperferritinemia persisted throughout the course of illness without the occurrence of RP-ILD. Moreover, serum ferritin level kept increasing even in the period of symptomatic improvement of ILD, which is not consistent with the fact that serum ferritin is a useful marker for evaluating the therapeutic response of ILD in patients with anti-MDA5-positive DM (4, 15). This discrepancy meant that hyperferritinemia just indicates insufficient control of overall inflammatory conditions, not specifically ILD. Rather, serum ferritin level remained high during the period of frequent relapses or exacerbation of NMO, and it was not until the patient underwent PLEX that serum ferritin level dramatically decreased and there was no more relapse of NMO. Hyperferritinemia and its persistence appeared to be associated with the highly active state of NMO in our patient, though the paucity of the case of NMO with anti-MDA5-positive DM and lack of previous literature made it difficult to determine the relevance between them. Further data on ferritin level in NMO with or without anti-MDA5 antibody are needed.

Rituximab is well-known to be effective in reducing the frequency of relapse and severity in patients with NMO (16, 17). ILD complicated with anti-MDA5-positive DM is often unresponsive to conventional corticosteroid therapy (18). Rituximab might be a promising therapeutic option, as several cases showing its efficacy against refractory ILD with anti-MDA5 antibody have been reported (18–20). However, in our case, the patient experienced unexpected exacerbation of both NMO and ILD in a more severe manner after induction treatment with rituximab. It may just be a natural worsening of both unstable diseases regardless of rituximab infusion. However, the concurrent flare-up of his autoimmune diseases might be related to rituximab induction, given paradoxical exacerbation of NMO, called post-rituximab relapse, has been often reported (21). The presumed mechanism of the phenomenon is associated with B-cell activating factor (BAFF), a crucial regulator of B-cell maturation and antibody production (21, 22). Rituximab can lead to the transient elevation of BAFF within the induction period with a lack of therapeutic efficacy, which is followed by the elevation of anti-AQP4 antibody (22). That is, elevated serum BAFF may stimulate the already existing plasma cells to produce antibodies, thereby contributing to rebound of disease activity (21). This hypothesis is consistent with the finding that the fluorescence intensity of anti-AQP4 antibody was stronger than that measured before rituximab injection in our case. In terms of ILD in our case, what caused the unexpected worsening of ILD after rituximab injection is unclear, with the rarity of similar cases. It is assumed that the post-rituximab elevation of serum BAFF level may be responsible for the exacerbation of ILD, as in post-rituximab NMO relapse, given that BAFF was recently suggested to play a major role in the development of ILD in patients with anti-MDA5-positive DM (7, 23).

In summary, NMO can overlap with anti-MDA5-positive DM and ILD, and its relapse or exacerbation may occur with high disease activity in the presence of anti-MDA5 antibody or hyperferritinemia. In addition, it is worthy to consider that rituximab may contribute to the transient worsening of both NMO and ILD during the early post-induction period.
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