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Abstract

Introduction—We evaluated the response to immunosuppression in a case of 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMGCR)-autoantibody myopathy.

Methods—T- and B-cell subsets were determined by flow cytometry pre- and post-therapy.

Results—Baseline immune profiling demonstrated strikingly elevated T-follicular helper (Tfh)
cells and plasmablasts. Immunosuppression resulted in clinical improvement and decreased Tth
cells, plasmablasts, and autoantibodies.

Discussion—Immune profiling in HMGCR-autoantibody myopathy suggests a B-cell-mediated
disease. Tth cells and plasmablasts may be therapeutic biomarkers.
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Introduction

Statin exposure rarely causes a progressive necrotizing myopathy with predominantly
proximal weakness.12 This type of myopathy has been recently associated with the presence
of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMGCR) autoantibodies.> HMGCR
autoantibody myopathy patients often respond to immunosuppressive therapy, and treatment
usually results in lower autoantibody and creatine kinase (CK) levels.24

The role of HMGCR autoantibodies in disease pathogenesis is not clear. However,
membrane attack complex deposition and the absence of a prominent cellular immune
response in muscle biopsy specimens have suggested a humoral immune mechanism.2 We
describe a patient with HMGCR autoantibody myopathy treated with immunosuppressive
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therapy and the results of T- and B-cell immune profiling before and up to 1 year after
treatment. Our assays included profiles of Tfh cells, which are a subset of CD4 T-cells
critical for supporting B-cell maturation to memory B-cells and plasmablasts in the germinal
center.®

Case Report

A 52 year old man presented with insidious onset, painless right leg weakness. He also
reported difficulty opening jars, poor balance, and difficulty climbing stairs, and he later
developed difficulty rolling over in bed. Within several months he had progressive difficulty
walking, getting out of a car, stepping up on curbs, negotiating stairs, and standing from a
chair, and he began using a cane. He had no difficulty breathing or swallowing and had no
myalgias. There was no history of dark urine, anesthesia difficulties, prior rhabdomyolysis,
or family history of neuromuscular disease. He had taken atorvastatin for 1-2 years, but it
was discontinued approximately 1 year prior to onset of symptoms. On initial examination 1
year after symptom onset, there was no clinical myotonia, and he had marked proximal
upper and lower extremity weakness (Medical Research Council 2/5 hip flexion) with
truncal instability. Manual muscle testing (MMT) performed according to established
methods® was 116 (maximum 140), and the inclusion body myositis functional rating score
(IBM FRS)” was 28 (maximum 40).

Nerve conduction studies of upper and lower extremity motor and sensory nerves were
normal. Electromyography showed abnormal spontaneous activity with fibrillation
potentials and positive sharp waves in all muscles examined, and prominent waxing and
waning myotonic discharges in the tibialis anterior, first dorsal interosseous, and thoracic
paraspinal muscles. Voluntary activation in all muscles examined demonstrated short
duration, polyphasic motor unit potentials, and an early recruitment pattern. Laboratory
testing, including a dried blood spot test for Pompe disease, genetic testing for myotonic
dystrophy types 1 and 2, and myositis autoantibody panel (anti-Jol1, MI-2, PL-7, PL-12, EJ,
0J, SRP, KU, PM/SCL, U2 SNRNP; RDL Reference Laboratory) were negative. Thyroid
function, paraneoplastic antibody panel (Mayo Medical Laboratory), anti-nuclear antibody,
and angiotensin converting enzyme levels were normal. Muscle biopsy of the clinically
involved right vastus lateralis muscle that included electron microscopy demonstrated mild
nonspecific myopathic changes, but no strong features of necrotizing myopathy. There were
rare CD3 positive T-cells associated with blood vessels, rare CD20 positive B-cells, and
occasional degenerating fibers undergoing myophagocytosis. There was no MHC |
upregulation. HMGCR autoantibodies determined by enzyme immunoassay (RDL
Reference Laboratory) were strongly positive at 201 units (normal <20 units).

He received 1,000 mg intravenous methylprednisolone daily for 3 days followed by
methotrexate 15mg weekly and prednisone 60mg daily for 12 months. He became gradually
stronger, and 1 year after starting immunosuppressive therapy had no clinically detectable
weakness (MMT 140), was able to step up on stairs with either leg without assistance, and
the IBM FRS was normal. Along with the improvement in his exam, his CK trended
downward from a maximum of 21,539 1U/L prior to therapy to 3,890 IU/L after 1 year of
therapy, at which time HMGCR autoantibodies were 80 units (Figure 1A).
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Sample collection

Blood samples were collected, and peripheral blood mononuclear cells (PBMCs) were
cryopreserved according to established methods® prior to immunosuppressive therapy and
after 4, 8, and 12 months of therapy. PBMCs from 11 healthy individuals served as controls.

Tfh and B-cell staining

Intracellular

10% PBMCs were plated in 96-well round bottom plates in RPMI +10% FBS. Cells were
stained with Zombie Violet, CD14 Pacific Blue, CD16 Pacific Blue, CD4 FITC, CD27
APC, CD20 BV510, ICOS BV650, CD38 BV711, CD3 BV785, IgD PE, CXCR5 PE-Cy?7,
and CD45RA AF700 conjugates for 30 minutes at 4°C. After incubation, cells were washed,
then fixed with 1% paraformaldehyde (PFA) prior to acquisition on an LSRII flow
cytometer (BD Biosciences (San Jose, CA). CD45RA and ICOS fluorescent antibodies were
obtained from BD Biosciences, while the rest of the antibody conjugates were purchased
from Biolegend (San Diego, CA).

cytokine staining

108 PBMCs were plated in 96-well round bottom plates in RPMI +10% FBS. Cells were left
untreated, stimulated with either a-CD3 and a-CD28 or phorbol 12-myristate 13-acetate
(PMA) and ionomycin (ION) in the presence of brefeldin A (BD Biosciences).® Cells were
incubated for 5 hours at 37°C in 6% CO» in a humidified incubator. After this period, cells
were stained with Zombie Violet, CD14 Pacific Blue, CD4 FITC, and CD8 APC-Cy7
conjugates for 30 minutes at 4°C. CD14, CD3, CD4, and CD8 fluorescent antibodies were
obtained from Biolegend. Following cell surface staining, cells were treated with cytofix/
cytoperm (BD Biosciences) in accordance with the manufacturer's recommendations.
Intracellular staining was then performed for 30 mins at 4°C using IFN-y PE-Cy7, TNF-a
Alexa Fluor 700, IL-2 APC, IL-17 PcP Cy5.5, and IL-4 PE conjugates. All cytokine
fluorescent antibodies were purchased from Biolegend. Cells were fixed with 1% PFA and
acquired on a LSRII flow cytometer (BD Biosciences).

Data analysis

Results
Tfh cells

Data analysis was performed using Flowjo software (Tree Star, Ashland, OR). Student t-
tests were used to determine statistical significance between 2 groups. The P-values were
calculated using Prism software (Graph Pad, LaJolla, CA).

510 At baseline, the HMGCR patient had high levels of CD45RA-CXCRS5+ circulating Tfh
cell population (12.3% of CD4 T-cells), which subsequently decreased with
immunosuppressive therapy to 4.86% at the last time point (Figure 1B). By comparison, the
mean percentage of Tfh cells from healthy control subjects was 6.75%. The decrease in Tfh
cells was associated with improved clinical outcome scores (MMT and IBM FRS) and
decreased CK and HMGCR antibody levels (Figure 1A).
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B-cell panel

To determine whether the high frequency of circulating Tfh cells correlated with circulating
plasmablasts capable of producing antibodies, we used polychromatic flow cytometry (PFC)
to phenotype circulating B-cells. We identified 2.84% of CD19+CD27+ memory B-cells to
be CD20-CD38+ plasmablasts (Figure 1B). In 11 healthy controls, we observed a mean of
0.16% of memory B-cells to be plasmablasts (data not shown). Similar to Tth cells, the
frequency of plasmablasts decreased after therapy to 0.12% at the final time point. This
stepwise decrease in the frequency of plasmablasts parallels the clinical improvement and
decreased HMGCR autoantibody levels.

T-cell panel with intracellular cytokine analysis

We performed PFC to measure the capacity of CD4 and CD8 T-cells to produce IFN-y,
TNF-a, IL-17, IL-4, and IL-2. Cytokines were detected following stimulations with PMA
and ION or a-CD3 and a-CD28. For both stimulations, a Th1 response was the dominant
response as evidenced by the enhanced production of IFN-y, TNF-a, and 1L-2 (Figure 2).
The capacity of CD4 and CD8 T-cells to produce IFN-y and TNF-a is significantly higher in
the HMGCR patient compared with the controls. We did not detect significant production of
IL-4 or IL-17, further supporting a Th1 response (data not shown). After initiation of
therapy, the percentages of IFN-y, TNF-qa, and IL-2 producing CD4 and CD8 T-cells
remained stable following both PMA/ION and a-CD3/a-CD28 stimulations (Figure 2).

Discussion

Clinical features

The clinical features in this patient with HMGCR autoantibody myopathy are consistent
with prior reports. He experienced chronically progressive, proximal weakness that
accelerated over time. This was associated with myopathic changes and myotonic discharges
on electromyography. Features of an irritative myopathy with myotonic discharges have
been reported in HMGCR autoantibody myopathy,2 and clinicians should be aware of
myotonic discharges in this disorder. Prior reports emphasized the presence of MHC-I
upregulation in HMGCR autoantibody myopathy, although our case, similar to some other
published studies, demonstrates that this biopsy feature may not be present.1

Response to immunosuppression

The patient responded very well to immunosuppressive treatment with prednisone and
methotrexate, as has been reported previously.1:2 Our patient was also treated with
intravenous corticosteroids prior to oral therapy due to his rapid clinical deterioration.
Whether this approach has benefit beyond oral immunosuppressives is uncertain, and the
optimal therapeutic regimen for HMGCR autoantibody myopathy is unclear. Many
immunomodulatory therapies, such as mycophenolate mofetil, intravenous
immunoglobulins, rituximab, methotrexate, azathioprine, and cyclophosphamide have also
been used successfully.212 It has been noted that patients often relapse when discontinuing
therapy, so caution should be used when attempting to do so.
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Immunological studies

Prior studies demonstrated that anti-HMGCR antibody levels in patients exposed to statins
remit with clinical improvement, and remained stable in statin-unexposed patients.* This
raised the possibility that the antibodies may not be directly pathogenic, and the
immunological pathway driving autoimmunity in this disease is uncertain.

In our patient, PFC analysis at baseline revealed high levels of circulating Tfh and
plasmablasts, which is observed in several autoimmune diseases.13-15> Germinal center Tfh
cells are known to drive B-cell maturation, and the discovery of Tth cells in circulation with
a phenotype similar to germinal center Tfh cells allows for more comprehensive immune
profiling studies without the need for invasive techniques to collect lymphoid tissue.>14 In
general, Tfh cells are closely associated with B-cell responses, and we observed this
association in which we demonstrate a step-wise decrease in the frequency of Tfh cells and
plasmablasts that correlated with improved clinical outcome and lower HMGCR
autoantibodies. One theory is that increased frequencies of Tth cells enhance the maturation
of B-cells into plasmablasts, which in turn, drive the generation of HMGCR-specific
plasmablasts and subsequent production of HMGCR-specific autoantibodies. Interestingly,
by the final time point, the proportion of Tth cells and plasmablasts reached normal levels.

Analysis of cytokine production by CD4 and CD8 T-cells revealed a dominant Thl
response. Although the percentages of IFN-y, TNF-a, and IL-2 producing T-cells remained
steady from baseline to the last time point, the IFN-y and TNF-a producing T-cells were
significantly elevated in the patient compared to controls. In the patient, the maturational
subset of CD4 and CD8 T-cells were skewed to the terminal effector subset (CD45RA
+CCR7-), and the terminal effector cells produced a majority of the inflammatory cytokines
(data not shown). Compared to other maturational subsets, including naive, central memory,
and effector memory cells, terminal effector cells have the lowest capacity to proliferate,
self-renew, survive, and function.18:17 Intracellular cytokine staining measures a cell's
potential to produce cytokines following ex vivo stimulation, and enhanced intracellular
inflammatory cytokine responses do not directly reflect cytokines in circulation at each time
point. Therefore, immunosuppressive therapy could be effective at blocking the T-cell's
ability to produce cytokines. However, if patients are tapered off immunosuppression and
relapse, these Thl cytokines will likely be a significant factor in the immunopathogenesis of
the disease.

With successful immunotherapy, plasmablasts and Tth cell subsets progressively decreased,
eventually normalizing, concomitant with a reduction in HMGCR autoantibodies. This trend
further supports a B-cell mediated disease, since these immunological changes were
observed in parallel with gradual normalization of measured clinical outcomes, such as
MMT and the IBM FRS, and decreased CK. CK levels, which are easy to obtain and
inexpensive, may be good markers of therapeutic response.* Immunologically, Tfh and
plasmablasts may provide additional information and could be explored in the future as a
biomarker of disease status.

Statin unexposed patients with HMGCR autoantibody myopathy tend to be younger, African
American, seem to be less responsive to immunosuppressive therapy, present with more
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inflammation on muscle biopsy, and have high CK levels that remain unresponsive with
immunotherapy.418 The Identification of a population subset susceptible to HMGCR
autoantibody myopathy in the absence of statin exposure suggests that the pathogenesis of
disease may be associated with additional genetic and environmental factors. Currently, the
immunobiology of HMGCR associated autoimmune myopathy is undefined, and the most
important immune signature is the presence of anti-HMGCR antibodies. Our results suggest
that immunological subsets and the functionality of these cells are important factors in
understanding the underlying immunopathology of statin-exposed HMGCR associated
autoimmune myopathy and responses to treatment. Therefore, the combination of anti-
HMGCR antibody levels with additional immune profiling will likely be valuable for a
better understanding of the disease. Although this report is based on 1 patient, the
impressive change in the immunological profile over the course of a year provides support
for a cohort study incorporating longitudinal immune profiling of the cellular immune
response in order to identify additional biomarkers/immune signatures between statin-
exposed and unexposed patients, in addition to therapy responsive and refractory disease.

We demonstrated a strong relationship between Tfh and B-cell subsets that supports an
antibody mediated disease. Therapeutic strategies successful for treating other antibody
mediated diseases may be more efficacious than T-cell targeted therapies for treating
HMGCR autoantibody myopathy. In addition, Tth cells and plasmablasts could potentially
be an important immune signature of disease status in HMGCR myopathy and a useful tool
to determine efficacy of treatment or relapses. Studies in additional patients are needed to
confirm our observations.
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IL-2 Interleukin-2
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Figure 1. Clinical improvement is associated with a decrease in the frequency of circulating Tfh

and plasmablasts

Clinical and immunological profiles (y-axis) were measured before immunosuppression
(T1) and three timepoints post immunosuppression (x-axis). A) MMT scores improved and
CK levels decreased with immunosuppressive therapy. B) PFC analysis was performed on
PBMC:s to identify circulating Tfh cells (CD4+CD45RA-CXCR5+) and plasmablasts
(CD19+CD27+CD20-CD38+). Highly elevated percentages of Tfh and plasmablasts were
present prior to therapy and decreased dramatically with immunosupppresion.
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Figure 2. Increased production of Thl associated cytokinesin a HM GCR patient
PBMCs were stimulated for 5 hours with (A and B) a-CD3/a-CD28 and (C and D)

PMAVJ/ION and cytokines were detected by intracellular cytokine staining for IFN-y, TNF-a,
and IL-2. A stable Th1l pattern of IFN-y and TNF-a intracellular cytokine production was
observed in CD4 and CD8 T cells.
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