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Abstract

IL-17 producing CD4 T cells (Th17) cells increase significantly with disease severity in
myasthenia gravis (MG) patients. To suppress the generation of Th17 cells, we examined the effect
of inhibiting retinoic acid receptor-related-orphan-receptor-C (RORy), a Th17-specific
transcription factor critical for differentiation. RORy inhibition profoundly reduced Th17 cell
frequencies, including IFN-y and IL-17 co-producing pathogenic Th17 cells. Other T helper
subsets were not affected. In parallel, CD8 T cell subsets producing IL-17 and IL-17/IFN-y were
increased in MG patients and inhibited by the RORy inhibitor. These findings provide rationale
for exploration of targeted Th17 therapies, including ROR-y inhibitors, to treat MG patients.
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1. Introduction

Myasthenia gravis (MG) is a B cell mediated, T cell dependent autoimmune disease (Conti-
Fine et al., 2006). In MG, autoantibodies directed against neuromuscular junction proteins,
most commonly the acetylcholine receptor (AChR), cause impaired neuromuscular
transmission and weakness of voluntary muscles that can be life threatening. Most patients
with MG require treatment with immunosuppressive drugs such as prednisone, azathioprine,
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and mycophenolate mofetil (Sanders and Guptill, 2014). These drugs broadly suppress the
immune system and often cause unwanted side effects in patients. Therefore, there is a
unmet need for targeted treatments in MG that may reduce off target side effects and yield
better efficacy.

Th17 cells are a distinct subset of IL-17 producing CD4 T cells that play an important role in
clearing extracellular pathogens including gram negative bacteria and systemic fungal
infections (Chen and Kolls, 2013; Hernandez-Santos et al., 2013; Oukka, 2008).
Differentiation into Th17 cells require the activation of the transcription factor retinoic acid
receptor-related-orphan-receptor-C (RORy) along with TGF-g and IL-6 cytokines (Korn et
al., 2008; Lee et al., 2012; Yang et al., 2008; Zielinski et al., 2012). Studies have
demonstrated that IL-17 mediates inflammation in several autoimmune diseases, including
rheumatoid arthritis, psoriasis, inflammatory bowel disease, and multiple sclerosis (Noack
and Miossec, 2014; Uyttenhove and Van Snick, 2006; Zhu and Qian, 2012). In rheumatoid
arthritis and psoriasis, clinical trials targeting Th17 cell activity with anti-IL-17 monoclonal
antibodies demonstrated positive results and are currently available to treat patients (2015;
Campa et al., 2016; Leonardi et al., 2012; Papp et al., 2012). Therapeutics directly targeting
RORy are also in development for the treatment of autoimmune disease. In preclinical
studies, a small molecule RORYy inhibitor was demonstrated to bind the ligand binding
domain of RORYy resulting in displacement of a co-activator peptide, down-regulation of
permissive histone H3 acetylation, and methylation of the IL17A and IL23R promoter
regions (Guendisch et al., 2017). In an antigen-induced arthritis model with this RORy
inhibitor, selective blockade of the proinflammatory Th17/IL-17A pathway was
demonstrated with a dose dependent reduction in knee swelling in treated rats (Guendisch et
al., 2017).

Several lines of evidence in animal models and patient studies suggest that IL-17 and Th17
cells are important to MG pathogenesis, and IL-17 directed therapies may be a promising,
targeted treatment for autoimmune MG (Aguilo-Seara et al., 2017; Cao et al., 2016;
Gradolatto et al., 2012; Roche et al., 2011; Schaffert et al., 2015; Xie et al., 2016; Yi et al.,
2014). IL-17 knockout mice with induced experimental autoimmune myasthenia gravis
(EAMG) demonstrated a less severe phenotype consisting of no muscle weakness, low
AChR antibody levels, and evidence of reduced pro-inflammatory signaling compared with
wildtype BL/6 EAMG mice (Aguilo-Seara et al., 2017). In human studies increased
circulating IL-17 levels in MG patients positively correlated with disease severity, and was
highly associated with early onset disease in women with thymic hyperplasia (Wang et al.,
2019; Xie et al., 2016). These and other studies lead us to believe IL-17 targeted treatments
may benefit MG patients.

To determine the efficacy and feasibility of targeting Th17 cells in MG, we performed
cellular analysis of IL-17 producing Th17 cells in AChR-MG patients and healthy controls,
and then examined the effect of ROR-+y inhibition on suppressing Th17 cell differentiation.
We demonstrate that AChR-MG patients exhibit higher frequencies of overall Th17 cells, as
well as pathogenic Th17 cells, that coproduce IL-17+ and IFN-y, compared with healthy
controls. Furthermore, the frequency of IL-17+ CD4 T cells is associated with disease
severity in AChR-MG. Inhibition of ROR-y with a small molecule suppressed the
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generation of Th17 cells, including the pathogenic phenotype, without affecting the
frequencies of other Th subsets. Collectively, these studies demonstrate a targeted strategy to
inhibit Th17 development and CD4-mediated immunopathology in AChR-MG.

2. Materials and Methods

2.1 Study Population and controls

Fourty-Nine MG patients were enrolled from the Duke MG clinic. All patients had
detectable anti-AChR binding antibodies according to commercially available testing (Mayo
Medical Laboratory, Rochester, MN) as well as clinical and electrodiagnostic features
consistent with the disease. Severity of MG disease was defined according to the MGFA
Severity Class and MG-Manual Muscle Test (MG-MMT) (Jaretzki et al., 2000; Sanders et
al., 2003). MG patients were grouped by MGFA severity classification 0-11 (ocular/mild
disease) or 111-V (moderate/severe). Control blood samples were obtained from 23 healthy
individuals, who were age- and gender-matched to MG patients as closely as possible.
Controls were not receiving therapy for any chronic disease. This study was approved by the
Duke University Institutional Review Board and written and informed consent was obtained
from subjects.

2.2 Isolation and storage of peripheral blood mononuclear cells (PBMC)

Following venipuncture, peripheral blood was collected in acid-citrate-dextrose tubes (BD
Vacutainer). Peripheral blood mononuclear cells (PBMCs) were separated by Ficoll density
gradient centrifugation and were resuspended in a 90% FBS (Gemini, Sacramento, CA) and
10% DMSO (Sigma-Aldrich, St. Louis, MO) freezing solution. PBMCs were viably
cryopreserved and stored in vapor phase liquid nitrogen. Plasma was isolated after Ficoll
density gradient centrifugation and stored at —80°C.

2.3 Polarization of IL-17 producing T cells

To polarize T cells into Th17 cells, we adapted “BD Bioscience’s (BDB) protocol for
Generation of Human IL-17-Producing Cells in Vitro (2013).” 3x10% PBMCs were plated in
24-well flat bottom plates in R10 (RPMI 1640 media [Gibco] + 10% FBS + 1% Penicillin-
Streptomycin-L-Glutamine [Sigma-Aldrich]) and stimulated with aCD3 (1pg/mL, BDB)
and aCD28 (1ug/mL, BDB) in the presence of IL-6 (10ng/mL, BDB), IL-1p (10ng/mL,
BDB), IL-23 (10ng/mL, R&D Systems), TGF-p1 (10ng/mL, BDB), along with anti-1L-4
(10pg/mL, BDB) and anti-IFN-y (10ug/mL, BDB) for 7 days at 37°C in a 5% CO,
incubator. For the last 5 hours, cells were restimulated with PMA (1ug/mL, Sigma-Aldrich),
ionomycin (0.25ug/mL, Sigma-Aldrich) and brefeldin A (BFA;1ug/mL, BDB).

2.4 Intracellular cytokine staining

For intracellular cytokine staining of cells at baseline and following 7 days of Th17
polarization, cells were stained with Zombie Violet (BL) at room temperature for 15
minutes. Next, cells were surface stained with anti-CXCR5 Alexa Fluor 647 (RF8B2, BDB),
anti-CD14 Pacific Blue (M5E2, BL), anti-CD45RA Brilliant Violet 510 (HI100, BL), and
anti-CCR7 PE-Dazzle 594 (G043H7, BL) for 25 minutes at 4°C. Following cell surface
staining, cells were treated with Cytofix/Cytoperm (BDB) in accordance with the
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manufacturer’s recommendations. To detect intracellular markers, cells were stained with
fluorescent antibodies for anti-CD3 APC-Cy7 (SK3), anti-CD4 PE-Cy7 (SK3), anti-CD8
Alexa Fluor 700 (SK1), anti-IFN-y FITC (B27), anti-IL-17A PerCP-Cy5.5 (BL168), and
anti-1L-4 PE (MP4-25D2) for 30 minutes at 4°C. The fluorescent antibodies used for
intracellular staining were obtained from Biolegend. Lastly, cells were fixed with 1%
paraformaldehyde (PFA) and acquired on a LSRII flow cytometer (BDB).

2.5 ROR-y Inhibition Assay

Three million PBMCs were plated in a 24-well flat bottom plate in R10 and stimulated with
the described Th17 cocktail or the Th17 cocktail plus a high affinity small molecule
inhibitor of ROR-y transcription factor, ROR-c (gift from Novartis) (Guendisch et al., 2017;
Guntermann et al., 2017). Cells were placed in a 37°C 5% CO, incubator for 7 days. Five
hours prior to the end of in the incubation period, cells from each condition were re-
stimulated with PMA and ionomycin in the presence of BFA. 50uM of ROR-c was selected
for subsequent experiments because it maintained viability and provided maximum
inihibition of IL-17 production.

2.6 Data analysis

The studied population of MG patients was compared with healthy controls. To determine
whether Th17 cell frequencies changed with MG disease severity we compared ocular/mild
generalized MG with moderate/severe MGFA Severity Classes. T cell subset frequencies
were compared with and without ROR-+y inhibition. Data analysis was performed using
Flowjo software (Tree Star, Ashland, OR). Student T-tests determined statistical significance
(a.<0.05) between groups. The p values were calculated using Prism software (Graph Pad,
LaJolla, CA). Samples in which stimulation with aCD3 and a.CD28 failed to generate
increased I1L-17 over background were not analyzed.

3. Results

3.1 Study population

The demographics of the study population are shown in Table 1. The average age of the MG
population was 63 years, 47% were female, 76% were Caucasian, and 53% of patients had
ocular or mild disease. 39% of patients were not receiving any immunotherapy at the time of
blood collection, while the others were receiving immunomodulatory therapy predominantly
with corticosteroids, azathioprine, and mycophenolate mofetil. There were no patients in
MG crisis, 8 had undergone thymectomy in the remote past, and three had a thymoma. A
total of 49 MG patients were enrolled in the study, and the studies associated with individual
PBMC sample is marked with a Y (yes) and N (no) in Table 1.

3.2 Frequency of IL-17 producing CD4 T cells is associated with disease severity

To determine the capacity of CD4 T cells, from AChR-MG patients and healthy controls, to
produce IL-17, we polarized PBMCs with aCD3/aCD28, IL-6, IL-1pB, I1L-23, TGF-p1,
alL-4, and aIFN-vy for seven days. As expected, following PMA and ionomycin
restimulation, we observed an increase in IL-17 expressing CD4 (data not shown). Th17 cell
frequencies in the overall MG sample population were not significantly increased compared
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with controls (3.19 £+ 3.63 vs 1.72 £+ 1.91, p<0.095 When AChR-MG patients were
categorized according to disease severity, the frequency of IL-17+ CD4 T cells was
significantly associated with disease severity, with moderate to severe disease AChR-MG
patients expressing the highest levels of IL-17 (Figure 1). Additionally, immunosuppression
status did not affect the frequency of IL-17+ CD4 T cells (data not shown). These findings
support that AChR-MG patients have an enhanced capacity to produce IL-17 and that Th17
cell frequencies may serve as a biomarker of MG disease severity.

3.3 ROR-y inhibitor suppresses the generation of Th17 cells.

3.4

Based on the increase in IL-17 frequency in AChR-MG and its association with disease
severity, we investigated the efficacy of a small molecule inhibitor of ROR-y transcription
factor for suppression of Th17 cells. Initially, ROR-c was titrated in Th17 polarization
experiments to identify the concentration at which ROR-c maximally inhibited I1L-17
production without affecting cell viability. We observed a concentration dependent decrease
in IL-17 production with the addition from 1uM to 100uM of ROR-+y inhibitor (Figure 2A,
B), and cell viability diminished with concentrations greater than 100uM (Figure 2C). To
maximize inhibition of IL-17 production and maintain cell viability 50uM ROR-vy inhibitor
was chosen as the working concentration for experiments moving forward.

After optimizing the ROR-c concentration, we determined the /n-vitro effect of ROR-y
inhibition on Th subsets from MG patient samples. ROR-c exposure reduced Th17 cell
frequencies in MG patients (Figure 3A). Parallel studies were performed to determine
whether inhibition of ROR-y had any effects on the frequencies of other Th subsets. Thl
(IFN-y), Th2 (IL-4), Tfh (CXCRS5), and Treg (FOXP3) cells were identified by their
hallmark cytokines, transcription factor, or surface marker following a 7-day Th17
polarization with OpM or 50uM ROR-+y inhibitor. The addition of ROR-+y inhibitor had no
effect on Thl, Th2, Tfh, and Treg subsets (Figure 3B-F).

Collectively, these data demonstrate the specificity of the ROR-vy inhibitor to suppress the
differentiation of Th17 cells without affecting other Th subsets.

Inhibition of ROR-y reduces pathogenic Th17 cell frequencies in MG patients

We also investigated the effect of ROR-+y inhibition on the generation of pathogenic Th17
cells, a subset of Th17 cells that coproduce IL-17+ and IFN-y (Zielinski et al., 2012). Under
conditions without ROR-c, frequencies of pathogenic Th17 cells were slightly higher in MG
patients. Pathogenic Th17 cells were strongly inhibited by ROR-c, and the effect was more
striking in MG patients than healthy controls (Figure 4).

3.5 CD8IL-17 producing T cells

We investigated a rare subset of CD8 T cells that produce 1L-17, so-called Tc17 cells, that
have recently been implicated in proinflammatory responses and autoimmunity (Srenathan
etal., 2016). Tc17 cells were increased in MG patients compared with controls following
polarization, though the difference was not statistically significant (Figure 5A). Investigation
into IFN-y and IL-17 double positive CD8 T cells revealed a significant difference between
MG patients and controls (Figure 5B). Interestingly, ROR-c exposure resulted in a
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significant reduction in Tc17 cell frequencies in MG patients (Figure 5C). Overall, we
demonstrate the capacity of CD8 T cells to produce IL-17 and the ability to inhibit both CD4
and CD8 from producing IL-17.

4. Discussion

Beginning with the first report of elevated peripheral IL-17A levels in patients with MG
(Roche et al., 2011), studies in animal models of MG and in patients with AChR-MG have
consistently shown Th17 associated pathology (Aguilo-Seara et al., 2017; Cao et al., 2016;
Gradolatto et al., 2012; Roche et al., 2011; Schaffert et al., 2015; Xie et al., 2016; Yi et al.,
2014). Following induction of EAMG, increased serum IL-17 levels are accompanied by
increases in Th17 cells as the disease progresses (Mu et al., 2009). Furthermore, IL-17
stimulation in established EAMG results in T cell proliferation and increases in anti-AChR
secreting B cells. Knockout of the IL-17 gene in animal studies have demonstrated minimal
weakness following inoculation with AChR, reduced muscle endplate complement
deposition, and reduced complement fixing antibodies, confirming a significantly milder
disease phenotype (Aguilo-Seara et al., 2017; Schaffert et al., 2015). In human AChR-MG
the thymus shows upregulation of Thl, Tfh, and Th17 genes and increased IL-17 expression
(Gradolatto et al., 2014), and there is increased IL-17 production in response to AChR
stimulation (Cao et al., 2016). In addition, prior observations showed that peripheral 1L-17
levels are higher in patients with generalized disease (Xie et al., 2016). The results of our
study from patients with MG support these findings by demonstrating that peripheral Th17
cell frequencies are higher in MG patients with moderate to severe generalized disease
compared with controls. Patients with ocular and mild MG did not have increased
frequencies of Th17 cells following polarization, and it is likely that we did not observe a
statistically significant increase in overall Th17 cell frequencies because our study
population was weighted towards patients with mild disease. Overall, there is a large body of
evidence implicating Th17 pathology, though therapeutics directed against this
immunopathology are lacking in MG.

With the strong support for Th17 pathology in EAMG and humans, targeting Th17 cell
pathology in MG is a rational strategy to explore for treatment of the disease (Cosmi et al.,
2014). Current immunotherapies to treat MG may impact Th17 cell populations, but also
cause more off target immunological effects leading to more widespread immune system
suppression (Li et al., 2019). ROR-c is a small molecule that inhibits the key transcription
factor in Th17 cell differentiation, ROR-y (Guntermann et al., 2017; Ivanov et al., 2006).
Inhibiting ROR-y affects thymopoiesis, resulting in reduced thymic T cell output with a
condensed T cell receptor repertoire, and resistance to development of experimental
autoimmune encephalomyelitis (EAE) in mice (Guo et al., 2016). This decrease in the
quantity and quality of thymic T cells affect the number of self reactive T cells, as well as T
cells responding to foreign antigens. In a series of experiments we show that ROR-y
inhibition effectively reduces Th17 cell frequencies in human autoimmunity.

Furthermore, a subset of Th17 cells that has garnered significant interest as a mediator of
autoimmune disease are pathogenic Th17 cells. This proinflammatory Th subset is defined
by the co-production of the IL-17 and IFN-y and has recently been shown to hold
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significance in multiple sclerosis (Hu et al., 2017; Zielinski et al., 2012). Pathogenic Th17
cells, which have been shown to be elevated in autoreactive T cells from patients with MG
(Cao et al., 2016), were strongly inhibited by ROR-c. Importantly, we did not observe effects
of ROR-+y inhibition on other Th cell subsets including Th1, Th2, Tfh, and Tregs. These data
suggest that selective ROR-y inhibition may be an effective and targeted therapeutic
approach for addressing Th17 immunopathology in MG without the more widespread
immune system effects observed with currently available drugs, such as corticosteroids.
Targeted ROR-y inhibition could also help clarify the relative contribution of Th17 cells as
mediators of the disease, compared with other implicated immune subsets not affected by
ROR-v inhibitors, such as Th1 cells.

Given the importance of the CD4 T cells in MG pathogenesis, CD8 T cells have received
less scrutiny. A novel finding in this study is the demonstration that CD8 T cell subsets
producing IL-17 can be inhibited pharmacologically. Most knowledge about this T cell
subset, also called Tc17 cells, comes from animal models (Srenathan et al., 2016). It has
been shown that Tc17 cells share phenotypic properties with Th17 cells and promote
inflammation through production of proinflammatory cytokines, and, in contrast to other
CD8 T cell populations, have limited cytotoxic capacity (Huber et al., 2009). Tc17 cells
express ROR-y and are promoted under the polarizing conditions used to differentiate Th17
cells (Gras et al., 2012; Kondo et al., 2009; Liu et al., 2007). In humans, Tc17 cells co-
expressing IFN-y have been identified in skin plaques from patients with psoriasis and
appear to have higher proinflammatory potential than Tc17 cells that do not produce IFN-y
(Billerbeck et al., 2010; Ortega et al., 2009).

To this point, descriptions of cultured Tc17 cells in MG patients are limited to a single study
(Hosseini et al., 2017). In that study, Tc17 cell frequencies were measured in 12 early-onset
MG patients, including 3 with thymoma, before and after thymectomy. The authors found
that Tc17 cell frequencies were increased compared with controls prior to thymectomy and
that Tc17 cell frequencies were decreased 6 months post-operatively. In our study conducted
in predominantly adult-onset MG patients, Tc17 cells frequencies were increased compared
with controls and frequencies were associated with MG disease severity. In addition, the
more pathogenic subset of Tc17 cells co-producing IFN-y were also increased in MG
patients. ROR-y inhibition markedly reduced all Tc17 subset frequencies. This suggests that
some of the effect of ROR-vy inhibitors in ameliorating inflammatory diseases may be
related to an effect on Tc17 cells and not exclusively Th17 cells. Collectively, these data
implicate Tc17 immunopathology in all subtypes of AChR-MG and that show Tc17
pathology can be addressed by therapeutics targeting ROR-y.

In summary, this study demonstrates that Th17 and Tc17 cell frequencies are increased in
MG patients with more severe disease and that differentiation of these proinflammatory cell
subsets is greatly reduced with inhibition of the transcription factor ROR-y. Furthermore,
cell populations with a pathogenic phenotype expressing IFN-y were also strongly inhibited.
These results strongly support further exploration of Th17 directed therapies as a rationale
target for patients with MG and that inhibitors of the transcription factor ROR-y may be a
particularly good approach. In addition to the ROR-y inhibitor used in our experiments,
other topical and systemic ROR-y modulators are in development for use in patients with
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psoriasis and autoimmune diseases (Imura et al., 2019; Smith et al., 2016; Xue et al., 2016),
and there is intense interest to develop even more selective Th17 cell inhibitors to limit
potential off target effects (Rutz et al., 2016). If studies of Th17 targeted therapeutics
advance to MG patients, those with more severe disease and higher levels of Th17
inflammation may be most appropriate to establish proof-of-concept and provide an
enriched population for clinical trials.
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Highlights:
Th17 cell frequencies are associated with disease severity in MG.
RORy inhibitor suppresses Th17 differentiation in MG.

IL-17 producing CD8 T cells are enhanced in MG, and inhibited by RORy
inhibitor.
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Figure 1. Th17 cells frequencies in MG are associated with disease severity.
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CONTROL MILD MOD/SEVERE

A: Representative flow plots of Th17 cell frequencies following Th17 cell polarization in a
healthy control and a mild and severely affected MG patient. Th17 frequencies, indicated by
are highest in the MG patient with severe disease. B) Th17 cell frequencies are increased in
moderate/severe MG (n=25) compared with healthy controls (n=23), and mild MG (n=22).

Statistical significance is represented as follows: * p<0.05.
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Figure 2. Inhibition of ROR-y reduces IL-17 production in vitro.
A, B: Representative flow plots and mean responses during ROR-c titration experiments

demonstrate dose dependent inhibition of Th17 cells with maximal inhibition at 50uM and
100puM concentrations. C: Cell viability is maintained at 10pM and 50uM concentrations of
ROR-c but reduced at concentrations =100uM. In order to maximize Th17 cell inhibition
and cell viability, the 50uM concentration was selected for additional experiments.
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Figure 3. ROR-y inhibition in patients with MG reduces Th17 cell frequencies but does not
affect other Th cell subsets.

A) ROR-v inhibition in MG patients produced a strong trend towards reduced frequencies of
Th17 cells (CD4+IL-17+; n=34), but not B) Tregs (CD4+ FOXP3+, n=35), C) Thl (CD4+
IFN-y+, n=35), D) Th2 (CD4+IL-4+, n=27), E) Tfh (CD4+CXCR5, n=33), or F)
CD4+IL-21+ (n=35) T cells subsets. Statistical significance is represented as follows: *
p<0.05.
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Figure 4. Pathogenic Th17 cells in MG patients are reduced by ROR-y inhibition.
A) Pathogenic Th17 cell frequencies following polarization with and without 50uM ROR-c

in healthy controls (n=6) and MG patients (n=22). Exposure to ROR-vy inhibitor in MG
patients resulted in significantly reduced frequencies of pathogenic Th17 cells. B)
Representative flow plots and frequencies of pathogenic Th17 cells in a MG and control
patient on exposure to OuM or 50uM of ROR-c. Pathogenic Th17 cells co-producing IL-17
and IFN-vy are in the upper right hand boxes. Statistical significance is represented as
follows: * p<0.05.
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Figure 5. Tc17 cells are increased in MG patients and significantly reduced with exposure to
ROR-vy inhibitor.

A) Overall Tc17 cell frequencies are increased in MG patients (n=45) compared with
controls (n=23). B) IFN-y and IL-17 co-producing Tc17 cell frequencies were increased in
MG patients (n=45) compared with controls (n=23). C) Exposure to ROR-+y inhibitor
resulted in a significant reduction of Tc17 cells in MG patients (n=35). Statistical
significance is represented as follows: * p<0.05.

Exp Neurol. Author manuscript; available in PMC 2021 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Yietal Page 18
Table 1.
MG patient demographics
Subj # Age Gender | Race MGFA MG- Thymectomy MG Immunosuppressives F1 | F3 | F4 | F5
(Yr) Severity MMT
Class

1 57 Male White 1 6 No Pred 3.75 mg/d MMF 3000 Y Y Y Y
mg/d

2 75 Female | White 2A 12 No Pred 10 mg/d MMF 1000 Y Y Y Y
mg/d

3 74 Male White 2B 15 No Pred 80 mg/d N N

4 51 Female | Black 4A 48 No none N

5 71 Male White 2B 2 No Pred 2.5 mg/d MMF 2500 Y N N Y
mg/d

6 67 Male White 3B 29 No none Y N N Y

7 76 Male White 3B 18 No none Y Y N Y

8 29 Male Black 1 2 No Pred 10 mg/d AZA 200 mg/d Y N N Y

9 48 Female | White 2B 3 No AZA 350 mg/d Y N N Y

10 61 Female | White 2A 17 No Pred 15mg/d N N N Y

11 81 Male White 2A 5 No MMF 2000 mg/d Y Y N Y

12 77 Male White 1 2 No Pred 2.5 mg/d Y N N Y

13 76 Female | White 3B 31 No none Y Y N Y

14 36 Female | Black 2A 8 No Pred 15 mg/d Y N N Y

15 68 Male Black 3A 36 Yes TPe? Y Y N Y

16 31 Female | Asian 3A 18 No none Y|Y N Y

17 68 Male White 2B 5 No Pred 3 mg/d MMF 3000 mg/d | Y Y|Y Y

18 47 Male Black 4B 13 No none Y|Y]|Y Y

19 80 Male White 1 8 No MMF 1000 mg/d Y N N Y

20 63 Male White 2B 14 No none Y|Y N Y

21 58 Female | Black 1 4 Yes AZA 200 mg/d Y Y|Y Y

22 73 Female | White 0 0 No MMF 2000 mg/d Y N N Y

23 54 Male Black 0 0 Yes MMF 1000 mg/d Y N N Y

24 70 Male Black 2B 4 No none Y|Y N Y

25 72 Female | White 1 1 No MMF 2000 mg/d Y Y|Y Y

26 53 Female | White 2A 12 No TPe? N N N Y

27 48 Male White 2B 7 No none Y Y N Y

28 79 Female | White 0 0 No MMF 2000 mg/d N

29 47 Female | White 2A 12 No AZA 200 mg/d IVIga Y|Y

30 59 Female | Black 1 5 Yes AZA 200 mg/d Y

31 66 Female | White 3A 16 No RTxb MMF 2500 mg/d

32 66 Male White 2B 4 Yes None

33 87 Male White 1 3 No Pred 15 mg/d AZA 150 mg/d Y
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Subj # Age Gender | Race MGFA MG- Thymectomy MG Immunosuppressives F1| F3| F4 | F5
(Yr) Severity MMT
Class
34 72 Female | White 0 2 No RTX%Pred 7.5 mg/d AZA Y Y N N
150 mg/d
35 45 Male White 3B 14 No None Y Y|Y Y
36 71 Male White 3B 14 No none Y|Y]|Y Y
37 48 Female | Black 3A 12 Yes AZA 200mg/d Y Y Y Y
38 67 Female | White 3B 21 No None Y|Y]|Y Y
39 65 Male White 3B 13 No None Y Y N Y
40 61 Male White 3B 21 No None Y|Y]|Y Y
41 75 Male White 3B 14 No Pred 40 mg/d MMF 1000 Y Y Y Y
mg/d

42 67 Female | White 4A 37 No Pred 20 mg/d Y Y|Y Y
43 61 Male White 3A 19 No None Y|Y]|Y Y
44 31 Female | Black 3A 24 Yes None Y Y|Y Y
45 71 Female | White 3B 13 Yes Pred 30 mg/d IVIga Y|Y]|Y Y
46 61 Male White 3A n/a No None Y Y|Y Y
47 86 Female | White 3B 13 No Pred 60 mg/d TPe?
48 7 Male White 3B 15 No MMF 500mg/d Y
49 62 Female | White 3A 24 No None

Abbreviations: AZA=azathioprine; d=day; g=grams; MG=Myasthenia Gravis; mg=milligrams; MGFA=Myasthenia Gravis Foundation of America;
MMF=mycophenolate mofetil; MG-MMT=myasthenia gravis manual muscle testing score at time of blood draw; n/a= not available;

Pred=prednisone; RTX=rituximab, TPE=therapeutic plasma exchange.

aWithin 90 days of blood draw

bWithin 12 months of blood draw
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