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Abstract

Objectives—The active EAE model is often initiated using myelin oligodendrocyte glycoprotein 

(MOG) immunization followed by pertussis toxin (PTX) to study multiple sclerosis (MS). 

However, PTX inactivates G protein-coupled receptors, and with increasing knowledge of the role 

that various G protein-coupled receptors play in immune homeostasis, it is valuable to establish 

neuroimmune endpoints for active EAE without PTX.

Methods—Female C57BL/6 mice were immunized with MOG35–55 peptide in Complete 

Freund’s Adjuvant and neuroinflammation, including CNS B cell infiltration, was compared to 

saline-injected mice. Since it was anticipated that disease onset would be slower and less robust 

than EAE in the presence of PTX, both cervical and lumbosacral sections of the spinal cord were 

evaluated.

Results—Immunohistochemical analysis showed that EAE without PTX induced immune 

infiltration, CCL2 and VCAM-1 upregulation. Demyelination in the cervical region correlated 

with the infiltration of CD19+ B cells in the cervical region. There was upregulation of IgG, CD38 

and PDL1 on B cells in cervical and lumbosacral regions of the spinal cord in EAE without PTX. 

Interestingly, IgG was expressed predominantly by CD19- cells.
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Conclusions—These data demonstrate that many neuroimmune endpoints are induced in EAE 

without PTX and although clinical disease is mild, this can be used as an autoimmune model when 

PTX inactivation of G protein-coupled receptors is not desired.
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2. Introduction

Multiple sclerosis (MS) is an inflammatory disease of the brain and spinal cord caused by 

immune cell infiltration across the blood-brain and the blood-cerebrospinal fluid barriers. In 

the central nervous system (CNS), it is characterized by inflammation, demyelination, and 

progressive axonal and neuronal degeneration, leading to a disturbance in neuronal signaling 

[1–3]. Inflammation is quite obvious in the acute stages of MS, including atrophy of the grey 

and white matter, as compared to the chronic stage. CNS inflammation is likely due to 

continuous activation of innate immune cells, which are predominantly in demyelinated 

regions [4–7]. In the early stages of the disease, the infiltrate predominantly consists of 

macrophages followed by T cells, B cells and plasma cells [8]. As the disease progresses, the 

composition of T cell infiltrates does not change, but there is an increase in the proportion of 

B cells and plasma cells [3].

In MS and the experimental autoimmune encephalomyelitis (EAE) model, a role for 

regulatory B cells has been identified [9,10]. Regulatory B cells include Fas ligand (FasL)-

positive B cells that can trigger apoptosis in Fas+ target T effector cells [11–14], 

glucocorticoid-induced tumor necrosis factor receptor family related gene ligand (GITRL)-

positive B cells that contribute to T regulatory (Treg) cell maintenance [15], and 

CD24+CD38+ B cells that contribute to the presence of Treg cells and reduce disease 

[16,17]. Interestingly, CD24+CD38+ B cells play dual roles in that they also suppress CD4+ 

T cells producing IFN-γ and TNF-α [16]. Many regulatory B cells produce their effects via 

IL-10 or IL-35 [18].

The focus of our laboratory is understanding contributions that drugs and chemicals make to 

autoimmune disease incidence and severity. The active EAE model with MOG 

immunization and PTX is a common model used to study MS; however, we avoid the use of 

PTX to emulate a moderate form of the disease. More importantly, PTX can be a 

confounding factor in active EAE since it inactivates G protein-coupled receptors that might 

play critical roles in disease, and PTX-specific immune responses are induced in addition to 

those mounted against components in Complete Freund’s Adjuvant and MOG itself. Since 

this model mimics a modest form of the disease, we wanted to re-characterize some of the 

well-established features of MS and the EAE model with PTX, especially B cells, in cervical 

and lumbosacral regions of the spinal cord.
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3. Materials and Methods

Animals

3 to 4 month-old female C57BL/6 mice from Envigo (Harlan) Laboratories were used for 

this study. All procedures performed on these mice were in accordance with the National 

Institutes of Health Guide for the Care and Use of Laboratory Animals, and study protocols 

were approved by the Institutional Animal Care and Use Committee at Mississippi State 

University. The animals used in this project were housed in the AAALAC accredited 

facilities of the College of Veterinary Medicine, Mississippi State University. They were 

maintained at 18–22°C with food and water ad libitum. Mice were monitored and access to 

food and water was ensured as disease progressed.

EAE induction

Mice were subcutaneously administered 100 μg of emulsified MOG35–55 peptide 

(MEVGWYRSPFSRVVHLYRNGK) in Complete Freund’s Adjuvant supplemented with 

heat-killed Mycobacterium tuberculosis as previously described [19]. The experiment was 

conducted 4 separate times; tissues from the first two studies were used for all staining and 

spinal cord lymphocytes were isolated from the latter two studies (individually). Control 

mice were injected with saline. It is important to note that we previously evaluated untreated 

controls versus CFA only controls in a separate study and found that while CFA produces 

inflammation, it does not produce clinical disease (supplemental data). Perhaps more 

important, we analyzed circulating IL-17A and MOG-restimulated cytokines from 

splenocytes and found in every instance that MOG in CFA (EAE) mice produced more 

inflammation than CFA control mice (and untreated control mice). In fact, untreated or CFA 

were remarkably similar in that they produced little to no cytokines. Thus, untreated, saline 

or CFA only are all valid controls. The body weights and clinical scores of the mice were 

recorded every other day from day 1 post induction to day 7, then daily thereafter until day 

18. Clinical signs of the EAE mice were: 0, healthy; 1, flaccid tail; 2, impaired gait and 

impaired righting reflex; 3, partial hind limb paralysis; and 4, total hind limb paralysis. Mice 

were never allowed to progress beyond the clinical score of 4. Mice were euthanized on day 

18 then decapitated. The spinal column was isolated by cutting along both the sides in a 

caudal direction to the pelvic bone. The pelvic bone was then cut and the spinal column was 

trimmed at both the rostral and caudal ends until the spinal cord was visible. A syringe filled 

with sterile phosphate buffered saline (PBS) was inserted into the caudal end of the spinal 

canal and the spinal cord was flushed out along with the PBS. The spinal cord was 

immediately frozen on dry ice. The spinal cord was cut right below the cervical enlargement 

and above the lumbosacral enlargement to obtain the cervical and lumbosacral regions, 

respectively. The fresh frozen spinal cords were serially sectioned into 10-micron sections 

and used for assessing demyelination, and CD4+ T cell and CD19+ B cell 

immunohistochemistry. Alternatively, intact spinal columns were harvested and fixed in 10% 

neutral buffered formalin (NBF). The length of the spinal cord was removed from the 

vertebral column and then placed in a cryoprotectant containing PBS with 30% sucrose for 2 

days. The fixed spinal cords were then serially sectioned into 30-μm sections and used for 

VCAM-1 and CCL2 immunohistochemistry.
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Eriochrome cyanine staining for demyelination

Sections were incubated in acetone for 5 min and air dried for 30 min at room temperature 

(RT). They were then stained with eriochrome cyanine solution (0.2 % eriochrome cyanine 

RS (Sigma-Aldrich, St Louis, MO), 0.5% sulfuric acid and 0.4% iron alum in distilled 

water), which was followed by sequential differentiation in 5% iron alum for 10 min and 

borax ferricyanide solution (1% borax and 1.25% potassium ferricyanide in distilled water) 

for 5 min. The sections were then dehydrated in graded ethanol solutions, and a coverslip 

was mounted using permount as described in Gao, et. al., 2014 [20,21].

CD19+ B cell and CD4+ T cell immunohistochemistry

Slides with sections were air dried for 5 min and then fixed in an ice-cold solution of 1:1 

acetone:methanol for 10 min. This was followed by PBS washes. Sections were then 

incubated in an anti-mouse Alexa Fluor 488-CD19 (eBioscience, San Diego, CA) for B cells 

and anti-mouse eFluor 570-CD4 (Southern Biotech, Birmingham, AL) for T cells (1:50 

dilution) in 10% Triton-X (T-X) in PBS at RT for 20 min. Slides were then washed in PBS 

three times and coverslipped with CC mount.

CCL2 and VCAM-1 Immunohistochemistry

30-μm sections were serially cut from the spinal cords. Free-floating sections were washed 

in PBS, and then incubated for 30 min in 1% H2O2 in PBS to block endogenous 

peroxidases. Sections were washed in PBS, and incubated in PBS containing 0.1% T-X, 4% 

normal goat serum, and 1% bovine serum albumin (BSA), then incubated with either rabbit 

anti-rat CCL2 (Millipore, Billerica, MA) or rabbit polyclonal VCAM-1 (Abbiotec, San 

Diego, CA) diluted at 1:200 in PBS containing 0.1% T-X and 1% BSA overnight at 4°C 

while being gently rocked. Sections were rinsed with PBS containing 1% BSA, then 

incubated in biotinylated anti-rabbit IgG (Vector Laboratories, Burlingame, CA) diluted 

1:200 in PBS containing 0.1% T-X and 1% BSA for 2 hr. Sections were then rinsed with 

PBS with 1% BSA to remove the secondary antibody and incubated for 2 hr with avidin D 

and biotinylated horseradish peroxidase H (Vectastain Elite ABC Kit; Vector Laboratories) 

in PBS with 0.1% T-X and 1% BSA. Sections were then rinsed with PBS and incubated with 

diaminobenzidine (Sigma-Aldrich) for approximately 5 min, at which time the reaction was 

stopped by rinsing the sections with PBS. Sections were mounted on gelatin coated slides 

and dried in an oven at 40°C. Each slide was then dehydrated with graded ethanol series 

followed by xylene before being coverslipped with permount. These sections were also used 

for hematoxylin and eosin (H&E) staining.

B cell flow cytometry

Intact spinal columns from EAE and saline mice were removed and the spinal cords were 

flushed out with PBS. The spinal cord was then cut into two, dividing it into cervical and 

lumbosacral regions. It should be noted that simply dividing the spinal cord in two likely 

results in cervicothoracic (as opposed to focusing solely on the cervical regions as we did in 

IHC) and lumbosacral regions, although we still refer to it as “cervical” to be consistent with 

the rest of the paper. The cervical and lumbosacral segments of 2 mice were pooled together 

for isolation of lymphocytes. Each segment of spinal cord was cut into fine pieces and 
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digested with 1mg/ml collagenase type 4 (Worthington) and 20 μg/ml DNase I for 1 hr at 

37°C with agitation after which the solution was passed through a 70-μm cell strainer to 

prepare a single cell suspension. The cell suspension was then resuspended in 30% Percoll 

and then underlaid with 70% Percoll to form a gradient and centrifuged at 500 × g on low 

speed with no brake for 20 min. The myelin debris was removed from the top, cells were 

collected at the buffy coat layer, and washed in PBS twice. The cells were then incubated for 

20 min with a fixable viability Near IR dye to select live cells and then washed in PBS. They 

were then incubated with Fc block for 15 min (and those cells to be stained for intracellular 

IgG were also incubated with extracellular IgG to block extracellular detection), followed by 

fluorescently conjugated antibody staining for CD45 (Pac Blue), CD19 (PE/Cy7), CD24 

(PE), CD38 (APC), FasL (PE), or PD-L1 (APC) for 30 min. The cells were washed in FCM 

and then fixed with Cytofix (BD Biosciences) for 15 min. For intracellular IgG, cells were 

permeabilized then stained with antibodies against IgG (FITC). Cells were washed in flow 

cytometry buffer (FCM buffer), analyzed on an ACEA Novocyte, and data analysis was 

done with the Novoexpress software. Cells were gated on live lymphocytes prior to 

examining CD19 and IgG. In other analyses, cells were gated on live CD19+ lymphocytes 

prior to examining CD24+CD38+ cells or FasL+PD-L1+ cells.

Statistical analysis

Clinical score data are presented as mean ± SE for at least 6 mice. IHC and flow cytometry 

data are presented as representative of at least 4 separate mice. Onset, and AUC clinical 

score data were analyzed by a Student’s t- test and clinical score data were analyzed with 

Mann-Whitney test. Percent increases in flow cytometry were pooled from two different 

experiments, transformed and then compared using a unpaired two tailed t test.

4. Results

Clinical signs

Clinical signs for most of the EAE mice appeared around day 13 and reached a peak around 

day 18. The clinical signs varied from loss of tail tone and awkward gait (clinical score 0.5–

1.5) to dual hind limb paralysis (clinical score 4) (Table 1). As we anticipated, the disease 

severity was modest. No difference in body weight was observed between the two groups.

Neuroinflammation

We confirmed that EAE without PTX produces similar neuroinflammatory features to those 

seen in EAE with PTX by staining cross sections of spinal cords and examining the ventral 

median fissure, dorsal median sulci, lateral funiculus and central canal (Fig 1). In addition, 

since active EAE is an ascending progressive disease that is initially identified clinically by 

loss of tail tone, which was also the case in our EAE without PTX model, we compared 

expression of various cells and proteins in the cervical and lumbosacral regions of the spinal 

cord.

There was a large number of infiltrating cells observed at the ventral median fissure in EAE 

as compared to control mice. This infiltration is more evident in the lumbosacral spinal cord 

segments (Fig. 2D) as compared to the cervical segments (Fig. 2B). The dorsal median sulci 
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(Fig. 2F) and the lateral funiculus (Fig. 2H) of the spinal cord in the cervical region of the 

EAE mice showed a greater degree of demyelination as compared to saline mice (Fig. 2E, 

G). There were no differences in demyelination in any of the locations in the lumbosacral 

region of the spinal cord between EAE and saline mice (Fig. 2I, J, K, L).

CCL2 expression was higher in both the cervical (Fig. 3B) and lumbosacral (Fig. 3D) 

segments of the EAE mice as compared to control mice at the ventral median fissure (Fig. 

3A, C). CCL2 expression was also higher in the lumbosacral segments compared to the 

cervical segments in EAE mice. The expression of VCAM-1 was higher in EAE mice in 

both the cervical and lumbosacral segments (Fig. 3F, H) as compared to saline mice (Fig. 

3E, G). The expression of VCAM-1 was lower relative to CCL2.

Cellular infiltration

No CD4+ T cells were observed in the control mice in either the cervical and lumbosacral 

region (Fig. 4: I–A, II–A). In the cervical segment, CD4+ T cells were detected in the EAE 

mice at the ventral median fissure (Fig.4: I–C) and central canal (Fig. 4: I–E) of the spinal 

cord. In the lumbosacral region of the spinal cord, CD4+ T cells were detected in the EAE 

mice at the dorsal median sulci (Fig. 4: II–C), central canal and ventral median fissure (Fig. 

4: II–E).

There were no CD19+ B cells in the cervical region in saline mice (Fig. 5: I–A). In EAE 

mice, CD19+ B cells were observed at the dorsal median sulci in the cervical segments of 

the spinal cord (Fig. 5: I–E) as indicated by the white arrows and none were found at the 

ventral median fissure (Fig. 5: I–C). No CD19+ B cells were observed in the saline mice 

(Fig. 5: II–A) or EAE mice in the lumbosacral region of the spinal cord (Fig. 5: II–C, II–E). 

It was interesting to note that the CD19+ B cell infiltration directly corresponded with 

demyelination (compare Fig. 2F to 5: I–E).

Since it appeared that the B cells were differentially expressed in the cervical versus 

lumbosacral sections of the spinal cord by IHC, we used flow cytometry to identify the 

phenotype of the CD19+ B cells in the spinal cord. For these studies, we simply cut the 

spinal cord in half, isolated lymphocytes, and stained for effector and regulatory B cells. 

Regardless of section of spinal cord, B cells were readily detected using flow cytometry. It 

was interesting to note that the intracellular IgG increased with EAE in both the cervical and 

lumbosacral regions as might be expected, but it was detected in CD19− cells (Fig. 6: I–A, I–

B, II–A, II–B). An examination of regulatory cells showed that CD38 was increased with 

EAE in spinal cord B cells in the cervical and significantly elevated in the lumbosacral 

region (P value of 0.01), but not CD24 (Fig. 6: I–C, I–D, II–C, II–D). We also observed a 

significant increase in PD-L1 with EAE in spinal cord B cells in cervical (P value of 0.04) 

and lumbosacral region (P value of 0.0001), but no increase in FasL (Fig. 6: I–E, I–F, II–E, 

II–F). It appeared that upregulation of the various markers was more intense in the 

lumbosacral sections, but this could be due to higher cell numbers obtained from this 

preparation.
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5. Discussion/Conclusion

EAE is a well-established model to study MS and neuroimmune interactions. A common 

way to induce EAE is through immunization of mice with a self-peptide emulsified with an 

adjuvant, followed by PTX injections at the time of immunization and 48 hr later. While the 

mechanisms by which PTX exacerbates EAE is not entirely understood, it has been 

attributed to blood brain barrier (BBB) compromise and/or enhancement of TH1 and TH17 

immune responses [22]. Thus, while PTX hastens and worsens EAE, avoiding its use has 

several benefits. First, the slower onset and less robust clinical signs induced in EAE without 

PTX might better model early MS. Second, lack of PTX eliminates the inactivation of Gi/o 

protein-coupled receptors that likely play roles in immune homeostasis and autoimmunity 

[23–25]. Third, immune reactivity to PTX is avoided, potentially increasing the ability to 

detect self (i.e., MOG) immune responses. There are several studies in which PTX was not 

used for EAE, albeit most of them were designed to understand the mechanisms by which 

PTX acts through direct comparisons between EAE with and without PTX; however, disease 

was detected without the use of PTX in the majority of these studies [26–28]. Indeed, we 

also demonstrated that PTX is not required to induce clinical disease and MOG-specific 

immune responses and, as shown here, neuroinflammation as measured by T and B cell 

infiltration and upregulation of CCL2 and VCAM-1.

There are other models of active EAE that don’t require PTX. One such model uses 

proteolipid protein in the SJL strain of mice in which PLP (as opposed to MOG) is 

administered at days 0 and 7 [29]. This invokes robust disease, with more severity than we 

report here. However, as stated above our modest disease model might better mimic early 

MS. Moreover, we have established modest EAE with MOG without PTX in the C57BL/6 

strain of mice, a common strain used in knockout and transgenic mice. Finally, immune cell 

stimulation with a single injection of antigen (in our case, MOG) allows for assessment of 

primary immune responses, with the potential to evaluate the effects of drugs and chemicals 

on primary immune responses, which is a focus of our laboratory [19,30].

One of the major characteristics of MS and EAE is that clinical disease progresses from 

caudal to cranial. To examine this progression more closely the lumbosacral region and 

cervical regions of the spinal cord were examined, as opposed to the frequently examined 

thoracolumbar region, which allowed us to compare different components of the 

neuroinflammatory response in different sections of the spinal cord. We determined that 

while there are slight regional differences in some of the neuroinflammatory markers, 

neuroinflammation occurs along the length of the spinal cord, primarily in the white matter 

and adjacent to parenchymal vessels. These findings are interesting because the white matter 

tracts along the outer edge of the spinal cord contain motor and sensory neurons for the hind 

limbs and tail. Thus, the localization of inflammatory cells in the outer white matter tracts 

and in the caudal region of the spinal cord both might contribute to the caudal to cranial 

progression of disease. The higher levels of inflammation in the lumbosacral regions of the 

spinal cord can be explained by the recent finding that CD4+ T cells enter through the L5 

gateway of the spinal cord (L5 segment), where T cells are found as early as day 5 of EAE 

[31,32]. It was also interesting that several changes were observed in the cervical sections, 

demonstrating that cellular infiltration, inflammation, and damage is observed throughout 
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the spinal cord. In EAE, most of the immunopathology is seen in the spinal cord and this 

correlates with the breakdown of the BBB [33–35]. The infiltration during inflammation 

occurs from the subarachnoid space into the spinal cord along the perivascular spaces of the 

white matter and mostly consists of T cells, B cells, monocytes and plasma cells [3]. In MS 

patients, demyelination is mostly seen in the tissue adjacent to the subarachnoid space [36]. 

This is also true of the demyelination seen in the spinal cord as the dorsal median sulci, 

ventral median fissure and the lateral sides of the spinal cord are exposed to the 

subarachnoid space.

One of our most striking observations was the lack of B cells detected by IHC in the 

lumbosacral region, so we investigated these findings further using flow cytometry, and 

readily detected CD19+ B cells by flow cytometry in both cervical and lumbosacral sections. 

One possible explanation for the discrepancy is that in the IHC preparation we were able to 

precisely pinpoint a small (30-μm) section of either the cervical or lumbosacral region of the 

spinal cord, while the flow cytometric analysis was from preparations in which the spinal 

cords were simply cut in half. Thus, this suggests there are small niches of infiltrating cells 

in different sections along the spinal cord. Importantly, these results allow us to confirm that 

neuroinflammation occurs along the length of the spinal cord, even in EAE without PTX.

The B cell phenotyping by flow cytometry also allowed us to identify that there are 

intracellular IgG-producing B cells in the spinal cord in EAE, but these B cells are not 

expressing high levels of CD19. This suggests downregulation of CD19, as has been 

suggested for plasma cells [37]. It also suggests that B cell staining with CD19 might not 

best reflect areas where pathogenic antibodies are being produced. We also demonstrated 

that CD38 and PD-L1 are upregulated in EAE. While these results do not support 

upregulation of either the CD19+CD24+CD38+ or CD19+FasL+ regulatory B cell 

populations in the spinal cord in EAE, CD19+PD-L1+ B cells have been identified in EAE 

[18,38]. Without seeing the concomitant upregulation of CD24 with CD38, it is not clear 

what the role of a CD19+CD38+ population might be in EAE. CD38 is actually an enzyme 

that converts NAD+ into a calcium-mobilizing agent [39], and therefore it is tempting to 

speculate that upregulation of CD38 in B cells contributes to B cell activation in the spinal 

cord in EAE.

Together these data provide characterization of neuroinflammatory cells and proteins in the 

spinal cord in EAE without PTX, a model that provides various advantages including that 

disease is modest, and there are no confounding effects from Gi/o protein-coupled receptor 

inactivation or PTX-associated immune responses.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Diagrammatic representation of a cross section of a spinal cord depicting the regions of 
interest.
A cross section of the spinal cord labeled with ventral median fissure, dorsal median sulci, 

lateral funiculus and the central canal.
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Fig. 2. Immune infiltration and Demyelination in the cervical and lumbosacral region of the 
spinal cord.
H & E staining and eriochrome cyanine (EC) was used to visualize immune infiltration and 

demyelination respectively. White matter is stained blue and demyelinated areas are 

indicated by diminished color (indicated by the arrowhead). All images were taken under a 

20X objective. Bar represents 100 microns in length. A, H & E stain of Saline cervical; B, H 

& E stain of EAE cervical; C, H & E stain of Saline lumbosacral; D, H & E stain of EAE 

lumbosacral; E, EC stain of Saline cervical at the dorsal median sulci; F, EAE cervical at the 

dorsal median sulci; G, EC stain of Saline cervical at the lateral funiculus; H, EC stain of 
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EAE cervical at the lateral funiculus; I, EC stain of Saline lumbosacral at the dorsal median 

sulci; J, EC stain of EAE lumbosacral at the dorsal median sulci; K, EC stain of Saline 

lumbosacral at the lateral funiculus; L, EC stain of EAE lumbosacral at the lateral funiculus. 

Results are representative of 4 mice for H & E staining and 6 mice for EC staining.
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Fig. 3. Expression of CCL2 and VCAM-1 in the cervical and lumbosacral region of the spinal 
cord.
Sections of the spinal cord from both control and EAE mice from the cervical region and the 

lumbosacral region of the spinal cord and stained with rabbit anti rat CCL2 and rabbit 

polyclonal VCAM-1. All images were taken at 20X magnification. Bar represents 100 

microns in length. A, CCL2 staining in Saline cervical; B, CCL2 staining in EAE cervical; 

C, CCL2 staining in Saline lumbosacral; D, CCL2 staining in EAE lumbosacral; E, 

VCAM-1 staining in Saline cervical; F, VCAM-1 staining in EAE cervical; G, VCAM-1 
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staining in Saline lumbosacral; H, VCAM-1 staining in EAE lumbosacral. Results are 

representative of 4 mice.
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Fig. 4. CD4+ T cell staining in the cervical region and lumbosacral region of the spinal cord.
Frozen sections of the spinal cord from both control and EAE mice from the cervical region 

of the spinal cord were stained with the CD4 antibody and DAPI nuclear stain. A 

representative CD4+ stained T cell is indicated by the arrowhead. All images were taken at 

under a 20X objective. Bar represents 100 microns in length. I-A and I-B, Saline cervical; I-

C and I-D, EAE cervical at the ventral median fissure; I-E and I-F, EAE cervical at the 

central canal; II-A and II-B, Saline lumbosacral; II-C and II-D, EAE lumbosacral at the 

dorsal median sulci; G and H, EAE lumbosacral at the dorsal median sulci; K and L, EAE 

lumbosacral at the ventral median fissure. Results are representative of 4 mice.
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Fig. 5. CD19+ B cell staining in the cervical and lumbosacral region of the spinal cord.
Frozen sections of the spinal cord from both control and EAE mice from the lumbosacral 

region of the spinal cord were stained with the CD19 antibody and DAPI nuclear stain. All 

images were taken at under a 20X objective. Bar represents 100 microns in length. I-A and 

I-B, Saline cervical; I-C and I-D, EAE cervical at the ventral median fissure; I-E and I-F, 

EAE cervical at the dorsal median sulci; II-A and II-B, Saline lumbosacral; II-C and II-D, 

EAE lumbosacral at the lateral funiculus; II-E and II-F, EAE lumbosacral at the ventral 

median fissure. Results are representative of 6 mice.
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Fig. 6. B cell phenotyping by flow cytometry in cervical region and lumbosacral region of the 
spinal cord.
Lymphocytes isolated from the cervical region of the spinal cord were stained for CD19 (PE/

Cy7), CD24 (PE), CD38 (APC), FasL (PE), PD-L1 (APC) and IgG. I-A, Cervical 

lymphocytes stained for CD19 and IgG; I-B, Bar graph representing the difference between 

Saline and EAE in cervical CD19−IgG lymphocytes; I-C, Cervical lymphocytes stained for 

CD38 and CD24; I-D, Bar graph representing the difference between Saline and EAE in 

cervical CD19+CD38+ lymphocytes; I-E, Cervical lymphocytes stained for PD-L1 and FasL; 

I-F, Bar graph representing the difference between Saline and EAE in cervical CD19+PD-

L1+ lymphocytes; II-A, Lumbosacral lymphocytes stained for CD19 and IgG; II-B, Bar 

graph representing the difference between Saline and EAE in lumbosacral CD19−IgG 

lymphocytes; II-C, Lumbosacral lymphocytes stained for CD38 and CD24; II-D, Bar graph 

representing the difference between Saline and EAE in lumbosacral CD19+CD38 

lymphocytes; II-E, Lumbosacral lymphocytes stained for PD-L1 and FasL; II-F, Bar graph 

representing the difference between Saline and EAE in lumbosacral CD19+ PD-L1+ 

lymphocytes. Results are representative of two independent experiments from 4 mice in each 

study.
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Table 1:

Clinical signs of EAE

Group Saline EAE

Incidence
a 0/15 16/19

Onset
b 0

14.8 ± 1.3
*

End Clinical score
c 0

1.2 ± 1.0
*

AUC clinical score
d 0

2.6 ± 1.8
*

a
Indicated by a minimum clinical score of 0.5 at any time.

b
Mean onset day ± SD; mice with no disease incidence are excluded.

c
Mean clinical score at necropsy ± SD.

d
AUC, area under the curve for clinical score calculated for individual animals; mean AUC ± SD; mice with no disease incidence are assigned an 

AUC of 0.

*
p < 0.001 as compared to saline.
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