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Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) has highly heterogeneous clinical presentations, in which encephalitis is an important phenotype. Moreover, MOGAD has been reported to exhibit diverse imaging findings. However, there have been no previous reports of cases with perivascular radial gadolinium enhancement in periventricular regions, commonly reported in autoimmune glial fibrillary acidic protein (GFAP) astrocytopathy. In this paper, we present two cases of MOGAD with this MRI feature, both of which underwent brain biopsy for the lesions. Brain biopsies revealed perivenous demyelination and inflammation consistent with acute disseminated encephalomyelitis (ADEM), with pronounced axonal damage in Case 1 and minimal axonal involvement in Case 2. Case 1 exhibited more severe cerebral atrophy than Case 2, correlating with the extent of axonal damage. Through these cases, we highlight the heterogeneity of radiological manifestations of MOGAD, expanding the spectrum beyond previously defined MRI patterns. Furthermore, histopathological analysis revealed distinct axonal involvement as a potential prognostic marker of brain atrophy. These observations emphasize the importance of considering MOGAD in the differential diagnosis, even in cases with atypical imaging findings, and highlight the significance of brain biopsy in guiding both diagnosis and prognosis.
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1 Introduction

Myelin oligodendrocyte glycoprotein (MOG) is a surface protein found on the outer layer of the myelin sheath and oligodendrocyte cell surfaces. MOG antibody-associated disease (MOGAD) is a relatively new type of inflammatory demyelinating disease (1, 2). MOGAD has a diverse clinical presentation, including cerebral cortical encephalitis, brainstem and cerebellar demyelinating lesions, tumefactive brain lesions, cranial neuropathies, and acute disseminated encephalomyelitis (ADEM) (2).

Recent studies have shown various brain radiological findings associated with MOGAD (3, 4). A prior report suggested that brain magnetic resonance imaging (MRI) patterns of MOGAD with encephalitis were categorized into four phenotypes: (I) multifocal hazy/poorly marginated lesions, involving both gray matter and white matter and typically involving the middle cerebellar peduncles; (II) extensive and periventricular white matter lesions resembling a “leukodystrophy-like” pattern; (III) cortical encephalitis with leptomeningeal enhancement/brain atrophy; and (IV) tumefactive demyelinating lesions (TDLs) (4). However, there are no reports of cases with perivascular radial gadolinium enhancement in periventricular regions, commonly reported in patients with autoimmune glial fibrillary acidic protein (GFAP) astrocytopathy (5).

In this report, we present two cases of MOGAD with this lesion detected on MRI scans. In addition, we report that brain biopsies, obtained from both cases, showed characteristic findings consistent with ADEM, manifesting as perivenous demyelination and inflammation. Axonal damage was observed in one case, correlating with severe brain atrophy. This study aimed to describe the radiological and histopathological features of MOGAD and contribute to a deeper understanding of its pathology.




2 Case 1

A 27-year-old man with no significant medical history presented with severe fatigue and fever. Approximately 3 weeks later, abnormal behavior and memory impairment, such as forgetting the route to work and missing appointments, were observed. Additionally, there was a noticeable decrease in activity levels, and the patient stopped going out, leading to hospitalization at a previous medical facility. An MRI revealed extensive white matter lesions with linear-radiating gadolinium enhancement around the ventricles. Cerebrospinal fluid (CSF) analysis revealed an elevated cell count. A brain biopsy was performed on the left frontal lobe. The patient was transferred to our hospital 2 months after symptom onset.

The routine blood test results were negative. Antinuclear antibodies (ANAs), antineutrophil cytoplasmic antibodies (ANCAs), anti-thyroid-stimulating hormone receptor (TSH) antibodies, and anti-thyroglobulin (Tg) antibodies were negative. The CSF showed no abnormal changes in nucleated cells (24/µL), protein (26 mg/dL), or glucose (76 mg/dL). Oligoclonal bands (OCBs) were detected and the IgG index was elevated (0.88). Anti-MOG and anti-NH2 terminal alpha-enolase (NAE) antibodies were positive in the serum. Anti-MOG and NAE antibodies were measured by qualitative cell-based assay and Western blot, respectively. Other autoimmune encephalitis (AE)-related antibodies against GFAP and paraneoplastic neurological syndrome (PNS)-related antibodies, including anti-Hu, anti-Ri, anti-Yo, anti-Ma2, anti-CV2, and anti-amphiphysin, were absent from the CSF and serum, respectively.

The electroencephalography (EEG) showed irregular slow waves with medium to high amplitudes in the right temporal lobe and no epileptic activity. Moreover, the chest and abdominal computed tomography (CT) showed no signs of a solid tumor.

Histopathological studies from previous hospitals showed reduced myelin sheath staining and myelin phagocytosis by Klüver–Barrera (KB) staining and highly reduced staining by myelin basic protein (MBP) and MOG immunostaining (Figures 1A–D). Severe axonal loss can be observed in the demyelinating lesion (Figure 1E). Small round cell infiltrates are observed around the small blood vessels (Figure 1F), and astrocytic damage is relatively mild (Figures 1G, H). Hemorrhagic lesions are not observed in areas with inflammatory cell infiltration (Figures 1I–L); thus, vasculitis was not involved. Moreover, demyelinating lesions were highly observed at these round cell infiltrating areas and these findings were known as “perivenous demyelination and inflammation,” which was characteristic in ADEM (Figures 1A–F, I–K).




Figure 1 | Brain biopsy of the left frontal lobe in Case 1. HE (A), KB (B), MBP (C), and MOG (D) staining showing myelin destruction with inflammatory cell infiltration. A motor neuron marker (SMI31) staining demonstrating axonal damage in demyelinated lesions (E). Inflammatory cells expressing CD68 (F). Astrocyte loss can be observed to be relatively preserved by AQP4 (G) and GFAP (H) staining. Scale bar, 250 µm. Higher-magnification brain biopsy of the left frontal lobe in Case 1 is shown (I–L). HE (I) and CD68 (J) staining showing the CD68-positive small round cell infiltrates around small blood vessels. Absence of Elastica van Gieson (EVG) staining reveals that vessels with CD68-positive cell infiltration are veins (K). Berlin blue staining (BB), which demonstrates iron deposits, shows that hemorrhagic lesions are not detected around the vessels; therefore, the involvement of vasculitis is negative (L). (A–H) Scale bar, 250 µm; (I–L) scale bar, 100 µm. HE, hematoxylin and eosin; KB, Klüver–Barrera staining; MBP, myelin basic protein; MOG, myelin oligodendrocyte glycoprotein; AQP4, aquaporin4; GFAP, glial fibrillary acidic protein; EVG, Elastica van Gieson; BB, Berlin blue staining.



Before performing brain biopsy and initiating steroid therapy, the areas of white matter lesions showed linear-radiating gadolinium enhancement and high signal intensity on T2-weighted MRI (Figures 2A, B). Steroid therapy decreased the area of these lesions (Figure 2C), and the patient’s level of consciousness improved; however, severe cerebral atrophy persisted. Rehabilitation was performed and the patient became ambulatory (Figure 2D). After an 8-month hospitalization, the patient was discharged with a slightly higher cognitive dysfunction, such as the Mini-Mental State Examination (MMSE) [29 points (9 points for orientation, 5 points for calculation, 6 points for memory, and 9 points for language ability)] and Frontal Assessment Battery (FAB) [11 points (2 points for similarities, 2 points for fluency, 0 points for Luria’s motor series, 3 points for conflictual instructions, 1 point for Go–No-Go task, and 3 points for prehension behavior)].




Figure 2 | Brain MRI lesions in Case 1 during pre-treatment (A, B) and post-treatment (C). Axial FLAIR (A) and CE T1 (B) sequences of brain MRI during pre-treatment. A large bilateral frontal FLAIR hyperintense lesion can be observed (A). Extensive white matter lesions with linearly radiating gadolinium enhancement are observed around the ventricles. (B) Axial FLAIR of the brain MRI post-treatment (C). Immunological treatment improved the FLAIR high-intensity lesions, but significant cerebral atrophy could be observed. The timeline scheme of MRI, brain biopsy, and immunological therapy of Case 1 (D). FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; CE, contrast enhancement; CSF, cerebrospinal fluid; IVIG, intravenous immunoglobulin therapy.






3 Case 2

An 80-year-old woman with a history of bronchial asthma and hypertension was admitted to another hospital because of a rapid decline in consciousness over 1 week. At the time of admission to the previous hospital, the patient’s level of consciousness was E3V1M4 on the Glasgow Coma Scale, with minimal spontaneous speech and response to stimuli. In addition, severe limb paralysis was observed. MRI revealed disseminated white matter brain lesions with contrast enhancement (CE), and CSF analysis revealed an elevated cell count. A brain biopsy of the left occipital lobe was performed. Steroid therapy (dexamethasone 8 mg/day) resulted in a slight improvement in consciousness. After 3 months, she was transferred to our hospital for further examination and treatment. The level of consciousness at the time of admission to our hospital was E3V2M5 on the Glasgow Coma Scale, showing slight improvement in response to stimuli.

Serum tests and routine blood tests showed normal results. The CSF showed no abnormal change in nucleated cells (10/µL), protein (39 mg/dL), glucose (62 mg/dL), and IgG index (0.53). OCBs were not detected. Only anti-MOG antibody was positive (measured by qualitative cell-based assay); the other routine antibodies surveyed—AE-related antibodies against NAE, GFAP, N-methyl-D-aspartate receptor (NMDAR), leucine-rich glioma-inactivated 1 (LGI1), contactin-associated protein-like 2 (CASPR2), amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR), gamma-aminobutyric-acid B receptor (GABAbR), dipeptidyl-peptidase-like protein-6 (DPPX), glycine receptor (GlyR), glutamic acid decarboxylase 65 (GAD65), and PNS-related antibodies—were negative in the serum and/or CSF. These tests were conducted on samples obtained at the time of the admission to our hospital.

A brain biopsy performed at the previous hospital indicated myelin destruction and an ADEM-like lesion, similar to that in Case 1 (Figures 3A–H). In contrast to Case 1, SMI31 immunostaining did not show severe axonal loss within the demyelinated lesions, and only swollen axons can be observed (Figure 3E).




Figure 3 | Brain biopsy of the left occipital lobe in Case 2. HE (A), KB (B), MBP (C), and MOG (D) stain showing the myelin destruction with inflammatory cell infiltration. SMI31 stain reveals that the axonal damage in the demyelinated sight is relatively mild compared to that in Case 1 (E). Inflammatory cell expressing CD68 (F). Immunohistochemistry against AQP4 (G) and GFAP (H) demonstrates that the astrocyte damage is not clear. Scale bar, 250 µm. Brain MRI lesion in Case 2 during pre-treatment and post-treatment is shown (I–K). Axial FLAIR (I) and CE T1 (J) sequence of brain MRI during pre-treatment. A large FLAIR-hyperintense lesion is located in bilateral deep white matter (I). Widespread white matter lesions with a linear-radiating gadolinium enhancement can be observed (J). Axial FLAIR of brain MRI during post-treatment. Immunological treatment had no effect on FLAIR high-intensity lesion progression, but the cerebral volume is relatively preserved (K). The timeline scheme of MRI, brain biopsy, immunological therapy, and adverse events of Case 2 (L). HE, hematoxylin and eosin; KB, Klüver–Barrera staining; MBP, myelin basic protein; MOG, myelin oligodendrocyte glycoprotein; AQP4, aquaporin4; GFAP, glial fibrillary acidic protein; FLAIR, fluid-attenuated inversion recovery; MRI, magnetic resonance imaging; CE, contrast enhancement; CSF, cerebrospinal fluid; IVIG, intravenous immunoglobulin therapy.



The EEG showed irregular slow waves with medium to high amplitudes in the right temporal lobe and no sharp waves. Moreover, the total body CT scan showed no evidence of tumor.

After admission, the patient developed pneumocystis pneumonia and received antibiotic therapy. Subsequently, intravenous immunoglobulin (IVIg) was administered; however, the patient’s symptoms did not improve. Six weeks after the admission, pneumatosis intestinalis was observed and immunological therapy was discontinued. Before treatment, MRI shows widespread white matter lesions with linear-radial gadolinium enhancement (Figures 3I, J). FLAIR high-intensity lesion on MRI after immunological treatment (Figure 3K) was not altered (Figures 3I, K, L), but the cerebral volume was relatively preserved compared to that in Case 1 (Figures 4A, B). The patient was transferred after 2 months of treatment. The level of consciousness at the time of discharge was E3V2M5 on the Glasgow Coma Scale and no improvement in the severe limb paralysis was observed.




Figure 4 | The progression of brain atrophy in Case 1 was significantly more advanced compared to that in Case 2 as can be observed in the MRI T1 images. (A) The brain volumes in MRI T1 sequences of Case 1 and Case 2 were compared pre-treatment and post-treatment. (B) The brain volumes measured using ImageJ for both were analyzed with a one-way analysis of variance (ANOVA). MRI, magnetic resonance imaging.






4 Discussion

Herein, we present two cases of MOGAD exhibiting a distinctive linear-radiating gadolinium enhancement on MRI. Brain biopsies from both cases revealed pathological findings consistent with ADEM, characterized by perivenous demyelination and inflammation. Additionally, axonal damage was observed in Case 1, whereas it was not identified in Case 2, highlighting a difference between the two cases.

MOGAD was recently identified as a novel inflammatory central nervous system (CNS) demyelinating disease (1). The clinical spectrum of MOGAD overlaps with that of MS, ADEM, NMOSD, and cerebral cortical encephalitis (2). MOGAD is characterized by the presence of an antibody against MOG in the outer layers of the myelin sheath. Experimental autoimmune encephalomyelitis (EAE) is an animal model of inflammatory demyelinating disease characterized by the primary and secondary production of MOG-specific lymphocytes and MOG antibodies (6). Thus, MOG antibodies are considered to be pathogenic autoantibodies involved in human inflammatory demyelinating diseases.

MOGAD has been reported to exhibit diverse and specific imaging findings (4, 7). A previous report suggested that MRI characteristics of MOGAD can be classified into four types (4), namely, multifocal hazy/poorly marginated lesions, extensive and periventricular white matter lesions, cortical encephalitis with leptomeningeal enhancement/brain atrophy, and tumefactive demyelinating lesions (4). However, radial linear periventricular enhancement, which was observed in our patient, cannot be assigned to these categories. Radial linear periventricular enhancement has been reported in patients with autoimmune GFAP astrocytopathy, lymphomatoid granulomatosis, neurosarcoidosis, and CNS vasculitis (8–13), but these diseases were pathologically and serologically ruled out. Additionally, similar radiological patterns have been reported in cases of encephalitis with negative anti-GFAP antibodies (14, 15). In these reports, MOG antibodies were also negative. Although one case with a brain biopsy has been reported (15), it showed astrogliosis, which is compatible with the histology of GFAP astrocytopathy, unlike our findings. These observations suggest that various etiologies may underlie the MRI finding of linear radiating gadolinium enhancement.

Pathological features of MOGAD differ from those in multiple sclerosis and AQP4-IgG-positive NMOSD, suggesting that MOGAD is an independent clinical and pathological entity (16). Brain biopsy samples from our two cases revealed perivenous demyelination and inflammation, which have been reported as characteristic histology in both ADEM and MOGAD (17–19). This perivenous inflammation is possibly the cause of the linear radiating gadolinium enhancement observed on MRI. Consistent with this hypothesis, brain biopsies from GFAP astrocytopathy patients have shown inflammatory responses around perivascular regions (20), suggesting that the linear radiating gadolinium enhancement on MRI indicates common histology of the brain. Axonal damage observed only in Case 1 has rarely been reported in ADEM or MOGAD (17, 21). The difference in axonal damage between Case 1 and Case 2 may serve as a reason to explain the presence of severe brain atrophy in Case 1 compared with Case 2. These results suggest that pathological findings may predict neurological damage.

In conclusion, our study demonstrated that radial linear periventricular enhancement on MRI may be observed in patients with MOGAD. Moreover, brain biopsies of our cases not only revealed the absence of tumors, vasculitis, and astrocytopathy contributing to the pathology, but also suggested that the presence of axonal damage might serve as a prognostic marker for brain atrophy. Therefore, it is important to consider MOGAD as a differential diagnosis even in atypical imaging and, if necessary, to perform a brain biopsy for diagnosis and predicting the clinical prognosis.
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