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Abstract

Retinal ganglion cells (RGC) are lost as a sequela of optic nerve inflammation in myelin 

oligodendrocyte glycoprotein antibody associated disease (MOGAD), but the mechanisms of 

injury remain incompletely understood and there remains a need to characterize the murine 

model of MOGAD. Several studies have shown that RGC loss occurs in association with optic 

neuritis in MOG35–55 experimental autoimmune encephalomyelitis (EAE), but retinal pathology 

has not been studied in the double transgenic opticospinal EAE (OSE) model, in which animals 

develop spontaneous disease associated with MOG35–55 peptide specific T cells and B cells 

producing MOG-specific antibodies. Herein, we show that at 8-weeks OSE mice develop optic 

nerve inflammation, reactive astrogliosis, and RGC loss. By 10-weeks of age, affected mice have 

a 50% reduction in RGCs as compared to age matched wild type mice without EAE. The retinal 

pathology that ensues from spontaneous optic neuritis in OSE mice mirrors that seen following 

human optic neuritis and may be a useful model for screening neuroprotective compounds for 

MOGAD and other diseases with optic neuritis.
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1. Introduction

The spectrum of diseases associated with acute optic neuritis continues to broaden 

and includes multiple sclerosis (MS), neuromyelitis optica spectrum disorder (NMOSD), 

and myelin oligodendrocyte glycoprotein (MOG) antibody associated disease (MOGAD). 

Notably, visual and structural retinal outcomes between these three conditions appear to 

differ markedly, and recent evidence suggests underlying differences in the anterior visual 

pathway pathology (Filippatou et al., 2020, Hoftberger et al., 2020).

In order to model the pathogenesis of these disease processes, we and others have previously 

reported on the timing and extent of reactive gliosis and retinal ganglion cell loss (RGC) 

in the classical MOG35–55 induced experimental autoimmune encephalomyelitis (EAE) 

model in C57/B6 mice (Dietrich et al., 2019, Jin et al., 2019). Retinal ganglion cell (RGC) 

pathology has also been described in MOG-specific TCR transgenic mice (2D2) mice 

expressing a transgenic TCR recognizing MOG35–55 peptide (Bettelli et al., 2003, Guan et 

al., 2006). Approximately 30% of these animals sustain spontaneous optic neuritis resulting 

in 30–40% reduction in RGCs in affected eyes. However, the timing and extent of retinal 

pathology has not been reported in the double transgenic opticospinal spontaneous EAE 

(OSE) model (Krishnamoorthy et al., 2006). In this model, MOG-specific TCR transgenic 

mice (2D2 mice) are crossed with MOG-specific Ig heavy-chain knock-in mice (IgH MOG, 

Th mice) in which B lymphocytes produce demyelinating MOG-specific antibody (8.18C5) 

(Linnington et al., 1984). In OSE mice the mean onset of disease is at 6 weeks of age in both 

males and females. Lesions are located in the spinal cord and optic nerve and infiltrates are 

predominately composed of macrophages and CD4+ T cells, with few CD8+ T cells and B 

cells, which closely reflects MOGAD pathology in humans (Hoftberger, Guo, 2020).

Herein, we report that OSE mice in our facility developed EAE between 4–6 weeks of age 

with a cumulative incidence of 76%. Of mice with behavioral signs of EAE, we detected 
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significant loss of RGCs at both 8 and 10 weeks. This was associated with classical CD4+ T 

cell infiltrates and reactive gliosis in the optic nerve. Th mice did not develop EAE, nor did 

they have detectable RGC loss, although interestingly some mice exhibited mild optic nerve 

and retinal pathological changes of a similar nature to the OSE mice.

2. Material and methods

2.2. Animals and behavior score

2D2 TCR transgenic mice (also known as TCRMOG mice) and Th mice (also known as IgH 

MOG or BCRMOG mice) were purchased from the Jackson Laboratory. Wild type C57/B6 

mice were used as controls. Mice were housed in the pathogen-free, temperature-controlled 

animal facility at the Johns Hopkins University School of Medicine with 12 hours/12 

hours light/dark cycles and fed with standard food and water ad libitum. The National 

Institutes of Health guidelines for the use of experimental animals were exactly followed 

and all experimental protocols were approved by the Johns Hopkins Institutional Animal 

Care and Use Committee. The two transgenic mice lines were cross bred and male and 

female double positive mice were used for further experiments. Mice were monitored from 

4-weeks to 15-weeks of age. Body weight was measured and clinical EAE behavioral 

scores were graded daily by a person blind to mouse genotype. The standard scoring 

used was as published previously, with standard EAE scored from 1 to 5 (Jin, Smith, 

2019). Briefly, no disease signs=0; loss of tail tonicity=1; loss of tail tonicity and mild 

paralysis of hindlimbs=2; paralysis of hindlimbs=3; hindlimb paralysis and mild paralysis of 

forelimbs=4; and complete paralysis or death=5.

2.3. Tissue preparation.

Mice were anesthetized at indicated ages using isoflurane and then cardiac perfused with 30 

mL phosphate buffered saline (PBS). Eyes, together with optic nerve, were enucleated from 

eye socket rapidly using curved dressing forceps and immersed into 4% paraformaldehyde 

(PFA) immediately. After 3 hours of fixation, eyeballs were transferred into 30% sucrose 

overnight or until sinking to the container bottom to guarantee cryoprotection for sectioning.

Retina and optic nerve tissue processes were handled as described previously. Whole flat 

mount retinas were prepared for staining with anti-Brn3a (POU4F1) antibody to quantify 

RGC numbers. The fellow eye was used to make retinal cross-sections from an Optimal 

Cutting Temperature compound (OCT) block by snap freezing with 2-methylbutane and 

stored at −80°C. Eyes in the OCT block were sectioned at 16 μm and mounted onto slides 

for further staining with indicated antibodies.

One optic nerve from each mouse was divided into three parts evenly and then made into an 

OCT block for sectioning. The block was snap frozen and then stored at −80°C. Optic nerve 

was cross sectioned at 10 μm and sections were mounted to slides for immunofluorescence 

staining.
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2.4. Immunofluorescence staining and image analysis

Flat mount retinal staining was performed using anti-Brn3a antibody, which labels the 

majority of RGCs with the notable exception of the melanopsin-expressing, intrinsically 

photosensitive RGCs that comprise only 1% of total RGCs. Briefly, retinas were 

permeabilized with PBS containing 3% Triton X-100, then blocked with blocking buffer 

(PBS containing 5% normal donkey serum and 1% Triton X-100) for 2 hours at 

room temperature. After blocking, anti-Brn3a antibody, diluted with blocking buffer, was 

incubated for 3 overnight at 4°C with gentle shaking. Sections were then washed 3 times 

with PBS for one hour at room temperature, then incubated with donkey-anti-goat IgG 

conjugated with Alexa-647 overnight at 4°C with gentle shaking. Following a final rinse, 

retinas were stained with Hoechst and mounted on slides using Aqua-Poly/Mount medium. 

Retinas were imaged using a Zeiss Axio Observer Z1 epifluorescence microscope to 

quantify RGC number.

The vertical eyeball sections and optic nerve cross sections were stained with the indicated 

antibodies using standard immunofluorescence staining protocols with some revision for 

each antibody. Briefly, we permeabilized sections with PBS (with 0.4% of Triton X-100) 

then blocked with blocking buffer (PBS+5% normal donkey serum+ 0.1–0.3% Triton 

X-100) for 45 minutes to one hour at room temperature. Primary antibodies were incubated 

with optimized concentrations overnight at 4°C. The next day, after 3 washes with 

PBS, species-specific secondary antibodies directly conjugated to Alexa fluorophores were 

incubated with sections for 1 hour at room temperature. After this incubation, sections were 

washed, and nuclear staining was performed with Hoechst. Sections were mounted with a 

coverslip using aqua poly/mount reagent (Polysciences, Warrington, PA, USA). After the 

mounting solution dried, the section was imaged. The antibody used for retinal and optic 

nerve pathologies included anti-β-III tubulin (BD Pharmingen, 1:100), anti-GFAP (DAKO, 

1:500), anti-IBA-1 (Wako, 1:500), anti-CD4 (Biolegend, 1:100), anti-SMI31 (Biolegend, 

1:250), anti-SMI32 (Biolegend, 1:250), anti-MBP (Cell Signaling Technology, 1:250), and 

anti-GFAP (Cell Signaling Technology, 1:250 for optic nerve and 1:500 for retina).

Axiovision software was used to capture images for further analysis. Regions of interest 

(ROI) in vertical section retina and optic nerve were delineated by solid lines. Each retina 

was divided into 12 areas in which RGCs were quantified, as described previously. For 

cross sections of the optic nerve, 9 sections were analyzed from three parts of each nerve. 

Mean fluorescent intensity (MFI) of staining was quantified using ImageJ software (National 

Institutes of Health) by a person blind to section identifiers. For T-cell enumeration, Zen 

Blue software (Carl Zeiss, Oberkochen, Germany) was used.

2.5. Semi-automatic RGC counts

RGC numbers per eye were obtained from the whole flat mount retinas. Whole retina 

images were captured at 20X using a Zeiss Axio Observer Z1 epifluorescence microscope 

with a motorized stage and a z-stack of 3 um × 16 stacks and merged mosaic image. In 

order to avoid regional bias, the whole flat retina image was segmented into center, middle 

and peripheral regions and 4 evenly distributed squares from each region were selected (Jin, 
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Smith, 2019). The average RGC number from these 12 segmented regions was used to 

represent total RGC number for one mouse.

A customized MATLAB-based semi-automated RGC counting algorithm was used to 

evaluate RGC number in each mouse (Jin, Smith, 2019). Briefly, representative segments 

from whole flat mount retina images were exported and saved as tagged image file 

format (TIFF). Then using the custom MATLAB (MathWorks, Natick, MA, USA), size 

segmentation algorithm was applied. Brn3a+ cells in selected retinal regions undergo 

filtering, automatic or user-defined thresholding, and binarization followed by identification 

of cell boundaries. The total number of RGCs is automatically calculated. All analyses were 

performed by persons masked to sample identification.

2.6. Statistical analysis

GraphPad Prism software (GraphPad, San Diego, CA, USA) was used for statistical 

analyses. Comparisons between groups were performed using Welch’s ANOVA test and 

Dunnett’s T3 multiple comparisons test. Results were considered significant if the p value 

was <0.05. All data are presented as percent (%) of the mean of the naïve group unless 

specified. Error bars indicate SEM in all figures.

3. Results

3.1. OSE mice exhibited spontaneous EAE and had significant RGC loss

Double transgenic mice were monitored every day from 4 weeks (earliest onset of mild 

behavioral abnormalities) until 15 weeks of age. Behavioral score and body weight were 

evaluated daily by a rater blind to genotypes. OSE mice had worsening disease behavioral 

scores, reaching peak at 10-weeks of age (Figure 1a), which was the end point for our 

pathological study (in pilot studies we found that older mice had such severe retinal 

pathology that we could not reliably dissect and quantify the tissues). There was no sex 

difference in behavioral scores (Figure 1a). The overall incidence of spontaneous EAE in 

OSE mice was 76% at 15 weeks. At 4 weeks, 7% of OSE mice showed behavior deficit, 

while at 10 weeks more than 70 % of mice showed behavioral phenotypes (Figure 1b). Male 

and female mice had similar body weight at all time points we observed (Figure 1c).

RGC number in the whole flat mount retina was evaluated at two different ages of 

symptomatic OSE mice (8 and 10 weeks) and compared with BCRMOG and naïve mice. 

Retinas were too fragile to be dissected at later timepoints due to severe disease. BCRMOG 

and naïve mice had similar numbers of RGCs at 8-weeks of age (BCRMOG was 95.5% ± 

2.3% of the mean of naïve mice). However, OSE mice had a significant reduction in RGC 

numbers with an average of 73.6 ± 6.0 compared to naïve mice at 8 weeks (Figure 1d and e). 

At the ten-week time point, OSE mice had average of 53.2 ± 7.6% RGC compared to naïve 

mice, while BCRMOG mice still had a non-significant reduction with mean RGC being 89.4 

± 4.5% of naïve mice (Figure 1f and g).
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3.2. OSE mice had severe neurite loss in the retina

OSE mice had severe neurite loss both at the GCL and IPL regions compared with those 

of naïve and BCRMOG mice at both 8 and 10 weeks of age (Figure 2 a–c). However, 

interestingly, in the IPL layer of BCRMOG, there was mild neurite loss vs naïve mice at 10 

weeks of age (Figure 2b and c) even though the RGC count (Figure 1g) and Tuj intensity in 

the GCL layer (Figure 2b) were not significantly different between BCRMOG and naïve mice 

at same age.

3.3. OSE mice had reactive gliosis in the inner retina

OSE mice had marked reactive astrogliosis in the GCL both at 8 weeks and 10 weeks of 

age (Figure 3a and b). However, activated astrocyte processes were restricted to the GCL. 

Microglia were activated in both the IPL and OPL of OSE mice compared with those of 

naïve and BCRMOG mice at 10 weeks old, respectively (Figure 4 a–c).

3.4. OSE mice had persisting immune cell infiltration in the optic nerve

OSE mice had immune cell infiltration in the optic nerve at 8 weeks that persisted into 10 

weeks (Figure 5a and b). BCRMOG mice had slightly more CD4+ T-cell infiltrates but were 

not significantly different from naïve mice at 8 weeks or 10 weeks of age (Figure 5a and b). 

Astrocytes and microglia were significantly activated in the parenchyma of the optic nerve 

in OSE mice as compared to those in naïve and BCRMOG mice at both 8 and 10 weeks of 

age (Figure 5c–f). The glial response was not significantly difference between BCRMOG and 

naïve mice (Figure 5 d and f).

3.5. OSE mice had severe demyelination and axonal injury in the optic nerve

OSE mice exhibited severe optic neuritis both at 8 weeks and 10 weeks of age (Figure 6). 

There was marked demyelination, indicated by loss of MBP staining, in the parenchyma of 

optic nerve in OSE mice vs those of naïve and BCRMOG mice at both 8 and 10 weeks of 

age (Figure 6a and b). Healthy axons were labeled with antibody detecting phosphorylated 

neurofilament H, SMI31. There was significant SMI31 signal loss in the parenchyma of 

optic nerve in OSE mice vs those of naïve and BCRMOG mice at both 8 and 10 weeks of age 

(Figure 6c and d) suggesting axonal injury in the optic nerve of OSE mice. SMI-32 antibody 

was used to label non-phosphorylated neurofilament, which accumulates in congested axons. 

In the parenchyma of optic nerve of OSE mice, there were significantly increased numbers 

of SMI32+ spheroids vs those of naïve and BCRMOG mice both at 8 and 10 weeks of age 

indicating axonal stress in OSE mice (Figure 6e and f). BCRMOG mice exhibited modest 

but significant increases in SMI32+ spheroids as compared to naïve mice at both time points 

(Figure 6e and f).

4. Discussion

RGC loss occurs within the first 3 to 6 months following optic neuritis, which is common 

manifestation of MS, NMO, and MOGAD. Further, in vivo measurement of the ganglion 

cell layer inner plexiform complex (GCIPL) using optical coherence tomography (OCT) 

shows that GCIPL thinning is associated with loss of both high and low contrast visual 

acuity and loss of RGCs (Gharagozloo et al., 2021, Rothman et al., 2019). However, 
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the mechanisms of injury are incompletely defined and no therapies have been shown to 

successfully rescue optic neuritis once the peripheral immune cells have extravasated into 

the optic nerve and mediated demyelination and axonal injury. Therefore, there is a great 

need to model the time course and nature of the pathology ensuing after acute optic neuritis 

in order to develop effective therapies. Furthermore, the anterior visual pathway may be 

an excellent location to more broadly model immune mediated neurodegeneration in MS 

since it is known that retinal pathology on OCT is associated with cortical and subcortical 

great matter pathology (Cerovski et al., 2013, Costello and Chen, 2021, Datta et al., 2019, 

Eslami et al., 2020, Hanson et al., 2016). Therefore, using the classical MOG35–55 EAE 

model, we and others have shown that RGC loss occurs as a relatively late sequela of the 

optic nerve inflammation with minimal neuronal loss at peak inflammation but near 50% 

RGC loss at d42 following recovery from the acute inflammation (Cruz-Herranz et al., 2019, 

Horstmann et al., 2016, Jin, Smith, 2019, Larabee et al., 2016, Nishioka et al., 2019). This 

discrepancy between clinical recovery and ongoing neurodegeneration is common in MS 

and EAE, as evidenced by prior studies of MRI measured atrophy and spinal cord axonal 

loss that accumulates over time in the non-progressive (behaviorally) MOG35−55 EAE 

model (Kurkowska-Jastrzebska et al., 2013, Manogaran et al., 2018). The neurodegeneration 

is now thought to be related to compartmentalized inflammation and especially reactive 

glia, both microglia and astrocytes, which lose their homeostatic functions and take on a 

neurotoxic profile (Borggrewe et al., 2021, Lopes Pinheiro et al., 2016, Nedelcu et al., 

2020, Toft-Hansen et al., 2011). While actively induced MOG35–55 EAE implicates a role 

for CD4+ T cells, the Complete Freund’s Adjuvant (CFA) and pertussis required to induce 

EAE introduce potential confounds as they artificially activate endothelial cells and glia 

(Constantinescu et al., 2011). In addition, the MOG35–55 EAE does not completely address 

the role of MOG antibodies produced by B cells. Therefore, we examined the anterior visual 

pathway in the spontaneous EAE model using OSE mice and compared outcomes to those 

seen in BCRMOG alone or WT mice with no spontaneous EAE.

In this report, we show that OSE mice with spontaneous EAE have severe RGC loss 

associated with reactive gliosis in the retina and optic nerve. The RGC loss worsened 

between 8 and 10 weeks beyond which we could no longer dissect out intact retinas due to 

severe tissue injury. There was associated neuritic injury in the IPL and optic nerve axons 

had reduced neurofilament and increased spheroidal accumulations of non-phosphorylated 

NF indicating axonal congestion. The extent of RGC loss following spontaneous OSE EAE 

in our laboratory was ~50%, which is similar to the classical MOG35–55 EAE model (as 

described above) but more than what was reported in the MOGTCR model (2D2) transgenic 

mice in which 30% of these animals sustain spontaneous optic neuritis resulting in ~33% 

reduction in RGCs in affected eyes (Guan et al., 2006) (Cruz-Herranz et al., 2019). Thus, 

an additional advantage of the OSE mouse model is that there is a high incidence of 

spontaneous EAE (76% in our center), which is accompanied by universal optic neuritis 

at the tissue level, therefore every mouse that gets sick with EAE can be used to study 

ensuing robust RGC loss. We suggest that the higher incidence of spontaneous optic neuritis 

in OSE mice vs. MOGTCR transgenic mice is useful since it provides greater sample sizes 

to study novel pathologies or therapeutic interventions. A potential limitation of our study 

was our inability to directly compare with the MOGTCR model alone in which spontaneous 
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optic neuritis occurs in less than half of the animals and can only be reliably detected 

histopathologically, and even then with varying degrees of T cell infiltration. Injection of 

pertussis toxin increases T cell infiltration into the optic nerve resulting in optic neuritis 

in 68% of mice but then introduces a confounding variable and is not a direct comparison 

(Guan et al., 2006).

Interestingly, the BCRMOG mice did not develop EAE or exhibit significant RGC loss, 

suggesting that B cells with the MOG BCR are not sufficient to induce disease, which is in 

keeping with findings from the original report of the OSE mice (Krishnamoorthy, Lassmann, 

2006). In addition, several groups have shown that simply transferring MOG-IgG does not 

cause optic neuritis or EAE, however MOG antibody has been implicated in EAE (Lyons et 

al., 2002). Investigation of the human MOG-Ab pathogenicity is hampered by their limited 

binding to rodent MOG (Reindl and Waters, 2019). It is worth noting that in our study, 

while not significant in most cases, there were consistent patterns of similar pathology in the 

MOGBCR mice possibly suggesting a priming effect in mice with the IgH MOG transgene. 

Indeed, the increase in reactive gliosis, axonal spheroids, and RGC neuritic retraction from 

the IPL at ten weeks in MOGBCR mice, but without significant RGC loss, provides further 

evidence for the role of MOG antibodies in this process.

The data generated in this report are consistent with models of targeted focal EAE in 

which animals are primed with MOG and Incomplete Freund’s Adjuvant and then focal 

disease is induced with addition of locally injected cytokines in the brain or spinal cord 

(Sasaki et al., 2010). In this model systemic MOG antibodies are detectable in the periphery 

but do not cause disease until focal cytokines are injected and cause T cell activation. 

Nonetheless, other model systems have demonstrated convincing roles for antibodies in 

mediating demyelinating pathology in cranial windows of mice or in the retina (Adamus 

et al., 2011, Cobo-Calvo et al., 2019) (Cobo-Calvo et al., 2017). It should be noted that 

in the original report OSE mice were not noted to have detectable complement, which 

may be an important cofactor. This may reflect the paucity of reliable anti-C3 antibodies 

because several recent reports (including using a C3 reporter mouse line) document high 

C3 gene expression from neurotoxic astrocytes that are thought to produce excessive C3, 

which opsonizes synapses that are then in turn pruned by microglia (Gharagozloo, Smith, 

2021, Jin, Smith, 2019, Liddelow et al., 2017, Werneburg et al., 2020). Indeed, some of these 

reports show a reduction in synaptic pruning in C3 knockout (KO) EAE (Hammond et al., 

2020, Ramaglia et al., 2015, Tassoni et al., 2019, Werneburg, Jung, 2020).

In summary, we show that RGC loss occurs in OSE mice that develop spontaneous optic 

neuritis and EAE. The loss of RGCs is associated with decreased neuritic density in the 

IPL and marked reactive gliosis. The OSE mouse model has features that recapitulate 

aspects of human diseases characterized by optic neuritis, especially MOGAD, and which 

are instigated by combinatorial effects of T and B cells, but avoids potentially confounding 

factors such as CFA and pertussis toxin. In addition, we did not observe differences in 

onset or severity by sex. Therefore, we suggest the OSE mouse model may be useful 

for enhancing our understanding of the pathogenesis of immune mediated retinal neuronal 

demise and for testing putative neuroprotective drugs given at the time of behavioral disease 

onset to examine for retinal neuroprotection.
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Highlights

• Spontaneous optic neuritis/EAE occurs in TCRMOG/BCRMOG (OSE) mice 

and causes a 50% reduction in retinal ganglion cells (RGCs) at 10 weeks of 

disease.

• The optic nerve pathology is characterized by CD4 infiltrate, demyelination, 

reactive gliosis, and axonal spheroids, which mimics MOGAD (MOG 

antibody associated disease).

• This model will allow further exploration of the pathophysiology of RGC loss 

and testing of neuroprotective agents.
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Figure 1. Retinal ganglion cell (RGC) counts in OSE mice.
a) Behavioral score of OSE mice. b) Incidence of OSE mice. c) Body weight of OSE 

mice. RGC number was counted in flat mount retinas stained with the RGC specific marker, 

Brn-3a, in 8-week-old and 10-week-old mice, respectively. d) Representative images of 

Brn3a staining in flat-mount whole retinas from 8-week-old mice. e) Quantification of 

Brn3a+ RGC for 8-week-old mice (F=12.05, p=0.0002. Naïve vs BCRMOG, P=0.7353; 

Naïve vs OSE, P=0.0006; BCRMOG vs OSE, P=0.0012). f) Representative images of Brn3a 

staining in flat-mount whole retinas from 10-week-old mice. g) Quantification of Brn3a+ 

RGC count for 10-week-old mice (F=14.74, p<0.0001. Naïve vs BCRMOG, P=0.5623; Naïve 
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vs OSE, P=0.0003; BCRMOG vs OSE, P=0.0001). Each dot from bar graph represents a 

mouse RGC count from the average of 12 segments of flat mount retina. Significance of 

RGC between groups was assessed by one-way ANOVA (** P ≤ 0.01, *** P ≤ 0.001, N.S. = 

no significance). Error bars represent SEM. Scale bar=20μm.
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Figure 2. OSE mouse had fewer neurite projections in the inner retina.
Anti-mouse β–III tubulin (Tuj) antibody was used to label neurite projections in vertically 

sectioned mouse retinas. a) Representative images of Tuj staining in vertical sectioned retina 

from 8-week-old and 10-week old mice. b) Quantification of Tuj staining in GCL layer of a) 

(F=48.50, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.0909; Naïve vs OSE, P<0.0001; 

BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.6265; Naïve vs OSE, 

P<0.0001; BCRMOG vs OSE, P<0.0001). c) Quantification of Tuj staining in IPL layer of a) 

(F=38.78, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.0807; Naïve vs OSE, P<0.0001; 

BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.0497; Naïve vs OSE, 
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P<0.0001; BCRMOG vs OSE, P<0.0001). Each dot from bar graph represents one mouse. 

Significance of Tuj intensity level between groups was assessed by one-way ANOVA (* P ≤ 

0.05, *** P ≤ 0.001, N.S. = no significance). Error bars represent SEM. Scale bar =50μm.
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Figure 3. Activated astrocytes in the retina of OSE mice.
a) Representative images of astrocyte staining in the retina of OSE mice using anti-GFAP 

antibody. b) Quantification of GFAP expression in GCL layer of OSE mouse retina 

(F=32.25, p<0.0001. For 8-week: Naïve vs BCRMOG, P>0.9999; Naïve vs OSE, P<0.0001; 

BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.9209; Naïve vs OSE, 

P<0.0001; BCRMOG vs OSE, P<0.0001). Each dot from bar graph represent one mouse. 

Significance of GFAP level between groups was assessed by One-way ANOVA (*** P ≤ 

0.001, N.S. = no significance). Error bars represent SEM. Scale bar =50μm.
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Figure 4. Microglia were activated in the inner retina of OSE mice.
a) Representative images of microglia staining in the inner retina of OSE mice using 

anti-IBA1 antibody. b) Quantification of IBA1 expression in the IPL layer of OSE retinas 

(F=20.28, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.5154; Naïve vs OSE, P<0.0001; 

BCRMOG vs OSE, P=0.0005. For 10-week: Naïve vs BCRMOG, P=0.5606; Naïve vs OSE, 

P<0.0001; BCRMOG vs OSE, P<0.0001). c). Quantification of IBA1 expression in the 

OPL layer of OSE retinas (F=35.65, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.0994; 

Naïve vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, 

P=0.5105; Naïve vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001). Each dot from bar graph 
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represents one mouse. Significance of IBA1 level between groups was assessed by one-way 

ANOVA (* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, N.S. = no significance). Error bars 

represent SEM. Scale bar =50μm.
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Figure 5. CD4+ T-cell infiltration and glia response in the optic nerves of OSE mice.
Immune cell infiltration was detected using anti-CD4 antibody. a) Represent images of 

CD4+ T-cell staining in the optic nerves of OSE mice. b) Quantification of CD4+ T-cell 

staining in the optic nerves of OSE mice (F=9.012, p<0.0001. For 8-week: Naïve vs 

BCRMOG, P>0.9999; Naïve vs OSE, P=0.0346; BCRMOG vs OSE, P=0.0125. For 10-week: 

Naïve vs BCRMOG, P=>0.9999; Naïve vs OSE, P=0.0015; BCRMOG vs OSE, P=0.0002). 

Glia cell response was detected with anti-GFAP and IBA1 antibody. c) Representative 

images of GFAP staining in the optic nerves of OSE mice. d) Quantification of GFAP 

staining in the optic nerves of OSE mice (F=26.33, p<0.0001. For 8-week: Naïve vs 
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BCRMOG, P=0.2696; Naïve vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001. For 10-week: 

Naïve vs BCRMOG, P=6606; Naïve vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001). e) 
Representative images of IBA1 staining in the optic nerves of OSE mice. f) Quantification 

of IBA1 staining in the optic nerves of OSE mice. Each dot from bar graph represents 

one mouse (F=16.75, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.4561; Naïve vs 

OSE, P<0.0001; BCRMOG vs OSE, P=0.0002. For 10-week: Naïve vs BCRMOG, P=0.9996; 

Naïve vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001). Significance between groups was 

assessed by One-way ANOVA (* P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001, N.S. = no 

significance). Error bars represent SEM. Scale bar =50μm.
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Figure 6. OSE mice had severe myelin loss and axonal damage.
Demyelination and axonal injury were evaluated by staining with MBP and neurofilament 

markers, SMI31 and SMI32. a) Represent images of MBP staining in the optic nerves of 

OSE mice. b) Quantification of MBP staining in the optic nerves of OSE mice (F=27.21, 

p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.2956; Naïve vs OSE, P<0.0001; BCRMOG 

vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.4768; Naïve vs OSE, P<0.0001; 

BCRMOG vs OSE, P<0.0001). c) Representative images of SMI31 staining in the optic 

nerves of OSE mice. d) Quantification of SMI31 staining in the optic nerves of OSE mice 

(F=22.48, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.2174; Naïve vs OSE, P<0.0001; 
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BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.9098; Naïve vs OSE, 

P<0.0001; BCRMOG vs OSE, P<0.0001). e). Representative images of SMI32 staining in 

the optic nerve of OSE mouse. f). Quantification of SMI32 staining in the optic nerves of 

OSE mice (F=36.68, p<0.0001. For 8-week: Naïve vs BCRMOG, P=0.6137; Naïve vs OSE, 

P<0.0001; BCRMOG vs OSE, P<0.0001. For 10-week: Naïve vs BCRMOG, P=0.7228; Naïve 

vs OSE, P<0.0001; BCRMOG vs OSE, P<0.0001). Each dot from bar graph represents one 

mouse. Significance between groups was assessed by one-way ANOVA (*** P ≤ 0.001, N.S. 

= no significance). Error bars represent SEM. Scale bar =50μm.

Jin et al. Page 23

J Neuroimmunol. Author manuscript; available in PMC 2023 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Graphical Abstract
	Introduction
	Material and methods
	Animals and behavior score
	Tissue preparation.
	Immunofluorescence staining and image analysis
	Semi-automatic RGC counts
	Statistical analysis

	Results
	OSE mice exhibited spontaneous EAE and had significant RGC loss
	OSE mice had severe neurite loss in the retina
	OSE mice had reactive gliosis in the inner retina
	OSE mice had persisting immune cell infiltration in the optic nerve
	OSE mice had severe demyelination and axonal injury in the optic nerve

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.

