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Abstract

Myelin oligodendrocyte glycoprotein antibody-associated disease (MOGAD) is a recently
described CNS inflammatory disorder that may manifest with optic neuritis, myelitis, seizures,
and/or acute disseminated encephalomyelitis. While MOG-specific antibodies in patients with
MOGAD are IgGl, a T-cell-dependent antibody isotype, immunologic mechanisms of this
disease are not fully understood. Thymic hyperplasia can be associated with certain autoim-
mune diseases. In this report we describe a case of MOGAD associated with thymic hyperplasia
in a young adult.
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Glossary

Ab = antibody; AQP4 = aquaporin 4 antibody; CRION = chronic relapsing inflammatory ON; CRP = C-reactive protein; ED =
emergency department; ESR = erythrocyte sedimentation rate; FLAIR = fluid-attenuated inversion recovery; IgG =
immunoglobulin G; IV-MP = IV methylprednisolone; MOG = myelin oligodendrocyte glycoprotein; MOGAD = MOG
antibody-associated disease; NMOSD = neuromyelitis optica spectrum disorders; NMO = neuromyelitis optica; ON = optic

neuritis; TLH = thymic lymphocytic hyperplasia.

Case Presentation

An 18-year-old first-year college student with no significant med-
ical history presented to an outside hospital with an 8-day course of
worsening blurred vision in the left eye and pain with eye move-
ments. She was of non-Hispanic European and East Asian ancestry
and had no family history of neurologic or autoimmune disorders.
On examination, she was found to have poor visual acuity in the left
eye (<20/400), left color desaturation, an afferent pupillary defect,
and moderate optic disc swelling, without any hemorrhages ob-
served. The remainder of her neurologic examination was normal.
An MRI of the brain and orbits with and without contrast dem-
onstrated a gadolinium-enhancing, longitudinally extensive left
optic nerve lesion involving the optic sheath, extending to, but not
involving, the optic chiasm (Figure 1A). Serum testing (eTable 1,
linkslww.com/NXI/A781) was significant for an erythrocyte

sedimentation rate (ESR) of 21 mm/hr (reference range 0-21
mm/hr) and C-reactive protein (CRP) of 17.3 mg/L (reference
range 0.0-9.0 mg/L), a negative aquaporin-4 (AQP4) antibody
(Ab), and a positive anti-myelin oligodendrocyte glycoprotein
(MOG) immunoglobulin G (IgG) with a titer of 1:80 (reference
range <1:10), both cell-based assays.

She was treated with 1 gram (g) of IV methylprednisolone
(IV-MP) for 3 days. On the last day of infusion, she reported
an estimated 85% improvement in vision and was discharged
without a steroid taper. Three days after completion of ste-
roids, she developed recurrent left eye blurred vision. She was
admitted to the outside hospital and received an additional S
days of 1 g of IV-MP, followed by an 11-day oral prednisone
taper. On the ninth day of the taper, she developed a headache

with associated nausea and vomiting, followed by a generalized

Figure 1 MRI Images of Orbit and Brain

(A) MRI orbits with and without contrast show-
ing longitudinal hyperintensity and enhance-
ment along the left optic nerve and perineural
sheath. (B) MRI brain with and without contrast
showing meningeal contrast enhancement and
T2 fluid-attenuated inversion recovery (FLAIR)
hyperintensities seen over frontal and parietal
lobes, including extension in the right parietal
parenchyma, consistent with meningeal
inflammation.
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Figure 2 Thymic Imaging

PET with CT scan showing a 37 x 28-mm thymic
bed mass with homogenous fluorodeoxyglucose
uptake, circled.

tonic-clonic seizure. She was seen in the emergency department
(ED) and was discharged on levetiracetam. She returned to the
ED the next day because of worsening headache, nausea, and
vomiting. She was afebrile, somnolent but easily arousable to
voice, and was able to converse without signs of impaired
cognition. Her neurologic examination was otherwise normal.
An MRI examination of the brain with and without contrast
was notable for meningeal enhancement with 1 focus of paren-
chymal involvement (Figure 1B). CSF analysis (eTable 1, links.
lww.com/NXI/A781) showed a mild, lymphocytic-predominant
pleocytosis consistent with aseptic meningoencephalitis. In-
fectious and inflammatory workup (CSF and serum) and
cytology (CSF) showed negative results.

She was treated with another course of IV-MP 1 g daily for S
days followed by a S-month prednisone taper. Given her
clinical presentation and positive MOG Ab, a diagnosis of
MOG antibody-associated disease (MOGAD) was made.
Owing to the recurrence of symptoms, a decision to proceed
with immunosuppression was made, so she was initiated with
rituximab (1 g on day 1 and 1 g on day 15), before discharge
from her second hospitalization.

She was seen as second opinion at a tertiary academic center 3
months later. Her repeat MOG-AD titer at 3 months after her
first course of rituximab was found to be persistently elevated at
1:80. Because of the elevation in CRP and ESR observed in this
young adult, a systemic workup for additional autoimmune and
malignant entities was performed. No significant additional
laboratory abnormalities were noted. CT scans of her abdomen
and pelvis showed negative results. However, CT of the chest
revealed trace residual thymus. Follow-up imaging revealed
increased thymic enlargement, 3.2 by 2.3 cm 6 months later,
and 3.7 by 2.8 cm at 12-month follow-up. MRI of the chest with
contrast and PET with CT, performed approximately 12
months later (Figure 2), demonstrated homogenous en-
hancement and moderate homogenous fluorodeoxyglucose
uptake, respectively. She was evaluated by thoracic surgery, and
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it was felt that the findings were most supportive of thymic
hyperplasia, but did not completely exclude a thymoma.

The patient’s condition and probable thymic hyperplasia are
currently under clinical and radiologic surveillance. Owing to
clinical relapse after the first event and persistent MOG se-
ropositivity (at 3 months and 18 months of follow-up), the
patient has continued rituximab. She has been clinically stable
since, with visual acuity of 20/20 in each eye. Given this
stability and potential surgical complications, the patient de-
cided not to pursue further tissue biopsy or resection.

Differential Diagnosis

This patient presented with an optic neuritis (ON) and
subsequently developed subacute meningoencephalitis. Her
workup revealed positive MOG-ADb, abnormal systemic in-
flammatory markers, and thymic hyperplasia.

Optic Neuritis

ON is inflammation of the optic nerve, which may be due to a
myriad of causes (Table 1). The characteristics of our pa-
tient’s ON—severe, anterior with moderate optic disc edema,
longitudinally extensive, and perineural involvement—is
most suggestive of MOGAD"? (Table 1). Aquaporin-4 IgG or
seronegative neuromyelitis optica spectrum disorders
(NMOSD) may present with longitudinally extensive lesions,
but are more likely to be posterior-even involving the optic
chiasm and tracts—and less commonly involve the perineural
structures of the optic nerve.” Multiple sclerosis—associated
ON is often unilateral in adults, is usually clinically mild-
moderate in vision loss, and presents with short-segment
anterior involvement of the optic nerve and has not been
reported to involve the optic nerve sheath. The steroid re-
sponsiveness and dependence (ie., recurrence of ON after
withdrawal of steroids) is also typical of MOGAD and atyp-
ical, though possible, for NMOSD.>* Chronic relapsing in-
flammatory ON (CRION) may have similar presentation as
our patient; however, it would be a diagnosis only if MOGAD
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Table 1

Selected Differential Diagnosis of Optic Neuritis

Average
Primary ON MRI VA at VA Associated
disease  Topography % Bilateral nadir recovery Discedema OCT CSF findings
MOGAD Long, anterior, often ~ 37%-58%3*33 Count 5%-10% Frequent, Thinning of Pleocytosis Myelitis,
involving perineural fingers®  with potentially peripapillary RNFL common, rare encephalitis,
structures, rare acuity severe and and GCIPL unique OCBs meningitis, seizures
involvement of optic <20/ with
chiasm and tracts 20034 hemorrhages
Multiple Short, anterior, rare  Rare; 0.5%%  20/723¢  80% 35%,%¢ Acute peripapillary ~ Mild pleocytosis  Focal or multifocal
sclerosis involvement of reach 20/ usually mild  RNFL thickening with  and OCBs demyelinating
perineural structures 20% subsequent common attacks; brain and
peripapillary RNFL spinal cord T2
and GCIPL thinning hyperintensities
NMOSD  Long, posterior, often  20%%3° <20/ 30% with Rare Severe peripapillary ~ Mild pleocytosis;  Myelitis, area
involving chiasm, rare 400%° acuity RNFL and GCIPL OCBs in postrema
involvement of <20/ thinning approximately20% syndrome,
perineural structures 200%* nonspecific brain

white matter
abnormalities

Abbreviations: GCIPL = ganglion cell inner plexiform layer; NMOSD = neuromyelitis optica spectrum disorder; OCBs = oligoclonal bands unique to the CSF;
OCT = optical coherence tomography; ON = optic neuritis; RNFL = retinal nerve fiber layer; VA = visual acuity.

and NMOSD testing results were negative and if she did not
go on to have extraoptic neurologic manifestations. Notably,
many, though not all, cases of “CRION” have been shown to be
MOG-AD or aquaporin-4 Ab positive. Granulomatous disease
and tuberculosis are also potential causes for such a pre-
sentation." However, the CSF profile with mild lymphocytosis
and normal protein and glucose and negative infectious studies
in the CSF and serum (eTable 1, links.lww.com/NXI/A781)
make tuberculosis or other granulomatous disease unlikely eti-
ologies. Moreover, there were no systemic manifestations of
these diseases. Finally, although anti-MOG IgG was only mod-
estly elevated, its persistence further supports MOGAD as the
etiology.* Nevertheless, transient MOG-Ab in MOGAD is well
described, particularly in the pediatric population.

Meningoencephalitis

Aseptic meningitis is meningeal inflammation with negative
routine bacterial studies. Meningitis has a wide range of pre-
sentations including headache, neck pain, nuchal rigidity, pho-
tosensitivity, and fever. When there is also a change in cognition,
from psychiatric symptoms to frank coma, seizures, or evidence
of parenchymal inflammation by imaging, meningoencephalitis
is diagnosed. Our patient was diagnosed with aseptic meningo-
encephalitis after typical presentation and exclusion of infectious
etiologies (eTable 1, links.ww.com/NXI/A781). This patient’s
presentation of aseptic meningoencephalitis, elevated CRP and
ESR, and relatively low MOG-Ab titer> prompted further in-
vestigation of possible systemic diseases, such as sarcoidosis,
granulomatosis with angiitis, and autoimmune encephalitis.®
Granulomatosis with angiitis was considered unlikely with neg-
ative anti-neutrophil cytoplasm antibodies (eTable 1, links.Iww.
com/NXI/A781) and lack of other organ involvement. Full
body PET with CT scan did not reveal findings typical of
sarcoid, and her CSF profile with normal protein and glucose
would also be atypical for neurosarcoidosis. Another
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consideration for this presentation is anti-glial fibrillary acidic
protein astrocytopathy, whose primary presentation is a
meningoencephalomyelitis” and has rarely been reported to
overlap with MOGAD.® Unfortunately, her CSF was not
tested for glial fibrillary acidic protein antibodies.

Thymic Enlargement

The thymus is a primarily immunologic and endocrine organ
that serves to train T cells to distinguish self from nonself
(Figure 3). The thymus normally begins to atrophy beginning at
puberty, with an average diameter of 1.1 cm (SD 0.4 cm) from
age 6-19 years and 0.5 cm (SD 0.27 cm) from age 20-50 years,
as measured on conventional CT (the thymus may appear larger
on MRI).” As the thymus involutes, it is replaced with adipose
tissue, and as such may appear as lymphoid aggregates in the
midst of fat.'” Our patient’s enlarged thymus was discovered on
chest CT and was then noted to enlarge over time, initially from
trace residual thymus to frank enlargement at 3.7 by 2.8 cm.

Abnormal enlargement of the thymus may be due to thymic
hyperplasia-true thymic hyperplasia or thymic lymphocytic
hyperplasia (TLH)-or neoplasm, most commonly thymoma or,
rarely, thymic carcinoma or other thymic tumors (Figure 4)."°
True thymic hyperplasia is an enlarged but normally organized
thymus, which may be caused by chemotherapy, corticosteroid
use, irradiation, or thermal burns, and is not associated with
autoimmune conditions.” TLH is defined by an increased
number of lymphoid follicles with germinal centers within the
thymus and is associated with numerous autoimmune condi-
tions, notably myasthenia gravis and Graves disease.” Thymoma
is a usually benign or low-grade epithelioid neoplasm, which is

also associated with similar autoimmune conditions.”

Imaging characteristics may be helpful in distinguishing un-

derlying etiologies of an enlarged thymus. Diffuse
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Figure 3 Thymic Selection of T Cells and Their Potential Role in Promoting MOGAD Pathogenesis
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Precursor (pre)-T cells emerge from the bone marrow and migrate to the thymus. Pre-T cells (CD4 and CD8 double negative) enter the cortex, undergo T-cell
receptor gene rearrangement and become double positive for CD4 and CD8 molecules. There, CD4"CD8" thymocytes are exposed to cortical epithelial cells
(CTECs) that express major histocompatibility complex (MHC) | and Il molecules that bind self-antigen peptides. CD4"CD8" thymocytes that recognize MHC/
peptides on cTECs with low affinity undergo apoptosis. CD4"CD8* thymocytes that exhibit intermediate or high affinity for MHC I/peptide or MHC Il/peptide on
CTECs are believed to be positively selected to become single positive CD8 T cells or CD4" T cells, respectively, and then migrate to the medulla. Medullary
thymic epithelial cells (mTECS), which also express MHC | and MHC II, regulate negative selection (i.e., deletion) of CD8" and CD4" T cells that exhibit high
affinity to self (tissue-specific) antigens. This process of thymic education first ensures adequate binding to the MHC molecules on antigen-presenting cells
(APCs) (positive selection, cortex) and subsequent deletion of those that have a high affinity for self-antigen (negative selection, medulla). Approximately 2% of
T cells survive thymic education and exit as mature T cells. A small number of T cells that recognize self-antigen may escape deletion, even in the normal
thymus of healthy individuals. In MOGAD, as in certain other autoimmune diseases such as myasthenia gravis, the self-reactive T cells are believed to be more
active and lead to disease pathogenesis. This may reflect failure of deletion of high-affinity MOG-reactive T cells or failure to regulate MOG-reactive T cells
peripherally. MOG-reactive T cells may have distinct roles in MOGAD. First, it is known from animal models that proinflammatory MOG-reactive T cells (Teff)
can induce encephalomyelitis and optic neuritis independent of MOG-specific antibodies.?' Second, MOG-specific antibodies in MOGAD are IgG1, a T-
cell-dependent Ig subtype.?? As T follicular helper (Tfh) cells are required for maturation of B cells into Ab-secreting plasmablasts and plasma cells, it is
believed that MOG-specific Tfh promote maturation of MOG-specific B cells into IgG1-secreting plasma cells. Therefore, MOG-specific Teff along with MOG-
specific antibodies may enter the CNS causing damage to myelin and oligodendrocytes. The extent to which complement participates in this inflammatory
process is not clear. Figure art created by Xavier Studio. MOGAD = myelin oligodendrocyte glycoprotein antibody-associated disease.
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Figure 4 Thymic Pathology

THYMIC PATHOLOGY
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Here demonstrated are the 2 most likely thymic pathologies to exist in our patient and normal thymic tissue. (A) Gross: Triangular shape, as seen in our
patient, is more frequently observed with thymic hyperplasia (left), whereas more rounded enlargement favors thymoma (right). (B) Low magnification:
Lobular architecture is preserved in thymic hyperplasia (left), whereas thymoma has increased numbers of lobules (right). (C) High magnification: (Left) B-cell
germinal centers with surrounding thymocytes characterize thymic hyperplasia. (Center) Hassall corpuscles are groups of concentrically arranged eosino-
philic epithelial cells in the normal thymic medulla that are believed to support thymocyte development; they mark thymic tissue apart from other lymphoid
tissues and may be seen in the normal as well as pathologic thymus. (Right) Neoplastic thymic epithelial cells with increased reactive thymocytes are seenin

thymoma. Figure art created by Xavier Studio.

enlargement favors hyperplasia, whereas focal enlargement is
concerning for neoplasia; a round shape indicates thymoma,
and, by contrast, triangularity supports hyperplasia. Fatty in-
filtration is also helpful with identifying hyperplasia. MRI
chemical phase change (CSR) is a technique that detects even
microscopic fat.'® A high CSR is indicative of fatty infiltration
and favors hyperplasia over thymic neoplasms.'® Our patient
had a diffusely enlarged, triangular thymus, favoring hyper-
plasia; however, her thymus demonstrated low CSR at 1.02
(i.e., essential absence of fat). Hence, this was felt to favor
thymic hyperplasia with poor fatty infiltration, but thymoma
could not be excluded.

Differentiating between TLH and physiologic (true) thymic
hyperplasia is important when there is coexisting autoimmune
disease. Depending on the autoimmune disease, surgical re-
section of TLH may be indicated (e.g, myasthenia gravis). As
previously discussed, true thymic hyperplasia results from

physiologic stress and then returns to normal size. For example,
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thymic hyperplasia has been reported after chemotherapy and
noted to grow up to a mean of approximately 4 months before
returning to normal size.” Histologic examination is required to
distinguish TLH from true thymic hyperplasia.’ In our patient,
the continued enlargement 8 months after steroid cessation
makes true thymic hyperplasia less likely.

Final Diagnosis

The final diagnosis was relapsing MOGAD presenting as ON
and meningoencephalitis, associated with abnormal thymus
and imaging characteristics that favor TLH.

Discussion

MOGAD is a recently described, rare CNS inflammatory
disorder mostly reported in White individuals'' and one-third
of pediatric cases with first case of demyelination.'” Multiple
associated syndromes have been described including ON,
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myelitis, encephalitis, seizures, acute disseminated encephalomy-
elitis, and aseptic meningitis."> Approximately 30%-35% patients
with NMOSD do not have AQP4-specific antibodies. Of those, it
has been reported that 50% have MOGAD."

Several features support the diagnosis of MOGAD: (1) ON
clinicoradiological presentation was characteristic of MOGAD,
(2) persistent MOG-Ab positivity, (3) sensitivity to steroid
treatment, and (4) lack of findings to support other etiologies.
Furthermore, the concomitant presentation of ON and menin-
goencephalitis is increasingly recognized in MOGAD."* Finally,
seizures are a well-described phenomenon occurring in association
with MOGAD, estimated to occur in approximately 20% of pa-
tients with MOGAD,'® compared with approximately 3% of pa-
tients with MS'®'” and less than 1% of patients with NMOSD.’
Seizures in MOGAD have also been reported to cluster around
other demyelinating events, such as ON,"® as seen in our patient.

The pathophysiology of MOGAD has not been fully elucidated
(Figure 3). Human MOGAD lesions have been shown to have
perivenous demyelination dominated by macrophages and CD4"
T cells, with macrophages ingesting MOG-dominant debris."” Tt
is, however, unclear whether MOG IgG is directly pathogenic.
Introduction of human MOG-IgG alone into rodents has failed to
induce demyelination,20 yet anti-MOG antibodies can promote
CNS damage in the setting of inflammation.”" Anti-MOG anti-
bodies are IgG1, a T-cell-dependent isotype, requiring T follicular
helper cells to class switch from IgM to IgG.>' Some data suggest
that MOG IgGl is able to activate complement and induce
complement-mediated cytotoxicity,” yet pathologic studies have
shown relatively rare complement within active lesions."
Therefore, MOG-Abs may or may not be pathogenic, depending

. . 2021
on the presence of T-cell inflammation.”™

It is well recognized that thymic hyperplasia and thymoma are
associated with autoimmunity.*® The “sick” thymus is be-
lieved to be causative in its association with autoimmunity, in
many but not all (i.e, Graves) cases. The thymus provides a
complex environment that promotes the maturation of a di-
verse pool of T cells that go through positive and negative
selection (Figure 3). In this context, medullary thymic epi-
thelial cells express certain genes (e.g., Aire and Fezf2) that
control negative selection of CD4" and CD8" T cells targeting
tissue-specific antigens, and defects in Aire expression have
been associated with certain humoral autoimmune diseases.**

Several autoimmune diseases are associated with TLH and
thymoma. MG with acetylcholine receptor antibodies (85% of
cases of MG) is the prototypical autoimmune disease where
thymic pathogenesis is well described. In seropositive MG,
especially early-onset cases, 50%-60% of patients exhibit
TLH or thymoma® and 85% have some thymic abnormality.**
Furthermore, thymoma is associated with 30%-40% chance
of eventually developing MG' and removal of TLH or thy-
moma in those with MG has been proven to be therapeutic.*®
Besides MG, thymic hyperplasia has not been consistently de-
scribed in other autoimmune neurologic diseases, although there
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are isolated case reports of thymic hyperplasia and N-methyl-D
aspartate receptor encephalitis or relapsing-remitting longitudi-
nally extensinve transverse myelitis (LETM), which have been
cured by thymectomy.**” Similarly, paraneoplastic AQP4 +
NMO has been well reported, including some cases of thymoma,
for which treatment of the underlying malignancy could also be
therapeutic.28 MG and AQP4 + NMO have also been noted to
coexist more than would be expected.29 Of the published cases,
MG almost always preceded NMO, and most of those had thy-
mectomy before developing NMO,” perhaps reflecting loss of
thymic-mediated T-cell regulation. It is of interest that the chest
and thymus are rarely imaged in CNS demyelinating diseases.
Therefore, it is unknown whether the potential association be-
tween MOGAD and thymic hyperplasia is truly rare.

Conclusion

MOGAD has not been previously associated with thymic ab-
normality, either hyperplasia or thymoma. We now report a case
of MOGAD in association with thymic abnormality. The potential
implications of thymic pathology associated with MOGAD raise
potential insights into the immunology of this disease, at least in
our patient. Further studies are needed to investigate the patho-
physiologic link between thymus and MOGAD and to assess
whether removal of thymic tissue would have therapeutic benefit.
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