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Abstract

Objective—The subsarcolemmal accumulation of p62 aggregates in myofibres has been
proposed to be characteristic of s poradic inclusion body myaositis (sIBM). The objective of
this study was to analyse the patterns and prevalence of p62 immunostaining and to quantitate
p62 gene expression in muscle biopsies from a large number of patients with different types of
myopathic and neurogenic disorders.

Methods—For the p62 immunostaining analysis, all patients with a muscle biopsy
immunostained for p62 at the Johns Hopkins Neuromuscular Pathology Laboratory from 2013 to
2017 were included (n=303). The prevalence and pattern of p62 immunostaining were compared
between patients with histologically normal muscle (n=29), inflammatory myopathies (n=136),
non-inflammatory myopathies (n=53), and neurogenic disorders (n=85). p62 expression levels
were analysed using an existing RNAseq dataset including data from dermatomyositis (DM;
n=39), immune-mediated necrotising myopathy (IMNM; n=49), antisynthetase syndrome (AS;
n=18), and sIBM (n=23) patients as well as 20 histologically normal muscle biopsies.
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Results—p62 staining was absent in normal biopsies, but present in biopsies from those with
polymyositis (29%), non-inflammatory myopathies (all <31%), neurogenic disorders (31%),
dermatomyositis (57%), sIBM (92%) and IMNM (87%). In all diseases studied, p62 accumulation
was more prevalent in biopsies with more severe muscle damage. sIBM biopsies had decreased
p62 expression levels compared to the other groups (corrected 0.04).

Conclusion—p62 accumulation is a general response to muscle injury and not a specific marker
for sIBM. Also, in sIBM, p62 RNA levels are decreased, suggesting that, in this disease, p62
aggregation is not due to overexpression.
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Introduction

The idiopathic inflammatory myopathies are a heterogeneous family of acquired diseases
that include sporadic inclusion body myositis (sIBM), dermatomositis (DM), immune-
mediated necrotising myopathy (IMNM), and polymyositis (PM) (1, 2). sIBM is a slowly
progressive disease that has no known effective treatment (3). Indeed, corticosteroid
administration may even accelerate the progression of disability in SIBM patients (4). In its
early stages, sIBM can be misdiagnosed as another type of myositis, such as PM, which are
responsive to immunosuppressant medication (1). Given the radically different management
of patients with sIBM and other types of myositis, it is of great importance to accurately
diagnose patients with sIBM.

Anti-NT5cla autoantibodies (5), muscle MRI (6), and muscle [18]Florbetapir positron
emission tomography (7) have been proposed to help diagnose patients with sIBM. In
addition, muscle biopsy features, especially the presence of rimmed vacuoles, are used as
diagnostic markers for sIBM (8). However, since not all muscle biopsies from sIBM patients
include rimmed vacuoles (9), other sIBM-specific histologic features could potentially
improve the diagnostic utility of muscle biopsy (10).

p62 is an autophagosome cargo protein that targets other proteins that bind to it for selective
autophagy (11). The presence of large p62-positive subsarcolemmal aggregates has been
proposed to be a marker that could help distinguish sIBM from other types of myopathy,
including PM and DM (3, 8, 10, 12, 13). Moreover, it has been reported that p62 RNA
expression levels are increased in sIBM (13). Nonetheless, p62 staining and expression
levels have been studied only in relatively small numbers of muscle biopsies from patients
with IBM, non-sIBM inflammatory myositis, or other myopathic and neurogenic disorders.
Indeed, the largest study to date included biopsies from just 53 subjects, only 12 of whom
had definite sIBM (8). In the current study, we have assessed the prevalence and distribution
of p62 staining in a large number of muscle biopsies from patients with sIBM, other
inflammatory myopathies, non-inflammatory myopathies, and neurogenic disorders. We also
quantified p62 expression levels in muscle biopsies from patients with sIBM and other types
of inflammatory myopathies using RNAseq.
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Methods

Study populations

Two groups of patients were included. For the histological analysis, biopsies from

all patients with a definitive clinical diagnosis who had their biopsy processed and
immunostained for p62 at the Johns Hopkins Neuromuscular Pathology Laboratory from
August 2013 to January 2017 were included.

For the RNAseq analysis, all muscle biopsies with a frozen sample available for RNA
extraction from patients enrolled in the longitudinal cohorts of the National Institutes of
Health (Bethesda), the Johns Hopkins Myositis Center (Baltimore) the Clinic Hospital
(Barcelona), and the Vall d’Hebron Hospital (Barcelona) were included if the patients had
one of the following myositis-specific autoantibodies (MSAs): anti-HMGCR, anti-SRP, anti-
Jol, anti-NXP2, anti-Mi2, anti-TIF1y or anti-MDAJ5, as previously described (14, 15). The
DM group included biopsies from patients with anti-Mi2 (n=11), anti-NXP2 (n=12), anti-
TIF1ly (n=11), and anti-MDAS (n=5) autoantibodies, the IMNM group included biopsies
from patients with anti-HMGCR (n=40) or anti-SRP patients (n=9), and the AS group
included muscle biopsies from 18 patients with anti-Jo1 autoanti-bodies. 13 patients with
sIBM fulfilled both the Griggs and Lloyd-Greenberg criteria (14-17) were included as well
as 20 normal muscle biopsies.

For the histologic analysis, patients were classified into one of four mutually exclusive
clinical subgroups. Patients were classified as having IMNM if they met the 2003
European Neuromuscular Centre (ENMC) criteria (18) and sIBM if they fulfilled Griggs’
criteria (16), If none of these criteria were met, patients were evaluated for Bohan

and Peter’s criteria and classified as possible, probable or definite DM or PM (19).

The control group of non-myositis was classified as “neurogenic disorders” (including
radiculopathies, polyneuropathies or post-polio neuropathy) or “other myopathies” (toxic
myopathy, metabolic myopathy, myasthenic syndromes, hereditary myopathies, vasculitis,
and amyloid myopathy). Finally, a muscle biopsy was considered “histo-logically normal”
when it did not have any pathological findings. Patients with ongoing immunosuppressant
treatment at the time of the biopsy were not excluded from the study.

Muscle acquisition and staining techniques

Open muscle biopsies were obtained from the vastus lateralis, deltoid, biceps or
gastrocnemius muscles. The muscle tissue was routinely frozen in isopentane cooled on
dry ice and stored at —80°C. Routine staining techniques included haematoxylin and
eosin (H&E), modified Gomori trichrome, periodic acid-Schiff technique, Sudan black,
Congo red, reduced nicotinamide adenine dinucleotide-tetrazolium reductase, combined
cytochrome C oxidase and succinate dehydrogenase, adeno-sine triphosphatase 9.4,
acid phosphatase, alkaline phosphatase, non-specific esterase, myophosphorylase, and
myoadenylate deaminase. Also, longitudinal paraffin sections stained with H&E were
evaluated.

During the study period from August 2013 to January 2017, immunostaining for p62 was
routinely performed on all muscle biopsies processed at the Johns Hopkins Neuromuscular
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Pathology Laboratory. Eight um acetone-fixed cryostat sections were stained for p62 using
the streptavidin-biotin complex technique with diaminobenzidine as a colour indicator. The
antibody used was a 1:100 diluted mouse monoclonal anti-p62/SQSTM1 (D-3, sc-28359
from Santa Cruz Biotechnology, Santa Cruz, CA).

Muscle biopsy evaluation

All biopsies from the Neuromuscular Pathology Laboratory were interpreted for clinical
purposes by an experienced myopathologist (A.M.C.), who was not blinded to clinical
information. The positivity, subcellular pattern, and location of p62 staining were
determined by a myology specialist (J.C.M.) who was masked to disease activity and
subgroup. Biopsies were evaluated for round, polygonal or angular atrophy, perifascicular
atrophy, degeneration or necrosis, regeneration, ragged red fibres, COX-negative cells,
glycogen deposits, increased of lipid, inflammatory infiltrate (partial invasion of non-
necrotic muscle fibres, endomysial, perimysial, perivascular, granulomatous), rimmed
vacuoles or non-rimmed vacuoles, endomysial fibrosis, protein aggregates, amyloid
deposits, and fibre type grouping. p62/SQSTM1 immunostaining was classified as
“negative” if all muscle fibres were negative, and positive if any fibres exhibited any of
the six patterns described in Figure 1.

Statistical analysis

Dichotomous variables were expressed as percentages, and absolute frequencies and groups
were compared using a chi-squared test or Fisher’s exact test, as appropriate. Multivariate
logistic regression analysis was used to compare these groups adjusting for the type of
disease. The levels of CK among groups were compared using the Wilcoxon rank-sum test.
Statistical analyses were performed using Stata/MP v. 14.1. A two-sided p-value of 0.05 or
less was considered statistically significant with no correction for multiple comparisons.

RNA-sequencing

Results

RNA-sequencing (RNA-seq) was performed as previously described (14, 15). Briefly, RNA
was prepared using TRIzol. Libraries were made using the NeoPrepTM system according
to the TruSegM Stranded mRNA Library Prep protocol (lllumina) and sequenced using

the Illumina HiSeq 2500 or 3000. Reads were aligned using the STAR v. 2.5 (20), the
abundance of each gene was quantified using StringTie v. 1.3.3 (21), and the differential
gene expression was performed using DESeg2 v. 1.20.0 (22). The Benjamini-Hochberg
correction was used to adjust for multiple comparisons and a corrected p-value (g-value) of
0.05 or less was considered statistically significant.

Patients and groups

Three hundred and three muscle biopsies that had p62 immunostaining performed were
available for the study. From these, 45% (n=136) were from patients with inflammatory
myopathies (37 sIBM, 31 IMNM, 40 DM, and 28 PM), 46% (n=138) were from disease
comparators (85 had neurogenic disease and 53 had other types of myopathy), and 10%
(n=29) were histologically normal (Supplementary Fig. S1). The average disease duration
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was longer in IBM (5.9 years [SD 4.3]) than in DM (1.4 years [SD 2.4] or IMNM (0.5
years [SD 0.2]). The difference between p62-positive and p62-negative biopsies was not
significant in terms of disease duration at the time of the biopsy (p=0.9). The creatine kinase
was higher in patients with a positive-p62 biopsy (p62+ median[Q1-Q3]: 1074 [473-3340]
vs. p62-: 794 [166-1891], p=0.04).

Prevalence and pattern of p62 immunostaining

Six major types of p62 staining patterns were observed (Fig. 1). Within myofibres,

large subsarcolemmal aggregates, large sarcoplasmic aggregates, small scattered punctate
aggregates, and perivacuolar aggregates were identified as distinct patterns (Fig. 1). The
presence of diffuse p62-positive staining was also noted in necrotic fibres (Fig. 1). Finally,
diffuse p62-positive muscle cells were sometimes present in a perifascicular distribution
(Fig. 1). The presence or absence of each p62 staining pattern was recorded for each muscle
biopsy included in the study (Table I).

Overall, 62% of the inflammatory myopathy muscle biopsies had some type of positive
staining for p62. This was most prevalent in muscle biopsies from those with sIBM (92%),
IMNM (87%), and DM (57%). Staining for p62 was also present in PM (29%), neurogenic
disorders (31%) and other types of myositis (26%).

Subsarcolemmal p62 aggregates, which have been proposed to be helpful in the diagnosis

of sIBM, were present in 76% of sIBM cases. In addition, p62-positive subsarcolemmal
aggregates were often present in IMNM (55%) and DM (28%) muscle biopsies. Perivacuolar
p62 staining was very specific for sIBM, but only occurred in 19% of patients with this
diagnosis. The presence of p62-positive necrotic fibres was common only in patients with
IMNM (55%). Other patterns of p62 staining were varied and not specifically associated
with a particular type of myositis (Table I).

Histopathological patterns associated with p62

To investigate whether p62 aggregation is specific for a type of disease process or is
non-specifically associated with myofibre damage, we assessed the relationship between the
presence of p62 aggregates with various types of pathological histological findings (Table
I1). Independent of the type of disease, p62 accumulation was more prevalent in biopsies
with endomysial and perivascular inflammatory infiltrates, degeneration, regeneration,
and/or rimmed vacuoles. Biopsies with a partial invasion of non-necrotic muscle fibres and
in biopsies with abundant COX-negative fibres had a non-significant trend towards staining
positive for p62.

p62 expression levels

The expression levels of p62 RNA were assessed in a separate collection of muscle

biopsy specimens that underwent RNAseq analysis as previously described (14, 15).

The expression of p62 was decreased in sSIBM both compared to normal muscle

tissue (log2FoldChange = -0.64, g-value=0.03) and to all the other types of myaositis,
including IMNM (log2FoldChange = —0.69, g-value=0.03), DM (log2FoldChange = -0.83,
g-value=0.001), and AS (log2FoldChange = —0.83, g-value=0.01).

Clin Exp Rheumatol. Author manuscript; available in PMC 2022 May 03.
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Discussion

It has been proposed that p62 immunohistochemical staining can help to differentiate sSIBM
from other types of inflammatory myopathies such as PM and DM (13). Indeed, p62
staining plays a prominent role, together with the presence of other pathologic features,

in at least one proposed diagnostic algorithm for the histological diagnosis of sIBM (10).
Nonetheless, the results of the current study emphasise that p62 staining is common not only
in sIBM, but also in muscle biopsies from patients with IMNM and DM.

We have also demonstrated that independent of the type of muscle disease, p62-positive
muscle biopsies have more inflammation, degeneration, and regeneration compared to p62-
negative muscle biopsies. Moreover, p62 accumulation is common in the scattered necrotic
fibres of IMNM and in the perifascicular myofibres of DM, which are the sites of injury

in these two diseases. Taken together, our observations suggest that p62 accumulation is
more likely to be a downstream consequence of muscle fibre injury rather than a distinctive
pathological process that occurs exclusively in sSIBM.

Interestingly, the RNA expression of p62 in muscle from patients with sIBM was decreased
compared to normal tissue and other types of myositis. This observation suggests that the
p62 immunohistochemistry staining in biopsies from sIBM patients reflects an accumulation
of the p62 protein that is not due to an increased rate of synthesis. Of note, one prior

study utilising gPCR with expression levels normalised to housekeeping genes reported that
RNA expression of p62 was increased in sIBM (13). However, expression levels of these
housekeeping genes could be altered in patients with sIBM. Unlike gPCR, RNAseq does
not rely on using housekeeping as a reference, eliminating this potential bias. Additionally,
RNAseq has shown to be highly accurate and reproducible for quantifying gene expression
levels (23, 24).

Our study has several limitations. First, immunohistochemical and RNA expression studies
were not performed in the same set of samples. However, given the large number of samples
included in each section of the study, this is unlikely to have had a significant effect on

the results. Also, the immunohistochemical and the RNA expression studies used different
classificatory systems because some samples of the immunohistochemical analysis did not
have paired sera to define the serological diagnosis. However, sIBM patients included in
both the histological analysis and RNAseq analysis were both classified as such according
to the same criteria. Moreover, the other myositis subsets utilised were appropriate to
answer the relevant questions in each section. Finally, the p62 staining was read by a single
researcher with no intrarater reliability evaluation.

In summary, even though p62 immunostaining may play a useful role (when taken

along with other histologic features) in diagnosing sIBM, our results show that p62
aggregates are not a specific feature of sSIBM. Rather, p62 accumulation is found in

other inflammatory myopathies, other myopathic processes, and in neurogenic processes.
Moreover, independent of the type of muscle disease, positive p62 staining is associated with
the presence of various other histopathologic features, suggesting that p62 aggregation is a
common downstream effect of muscle injury.

Clin Exp Rheumatol. Author manuscript; available in PMC 2022 May 03.
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Key messages

. p62 accumulation is a general response to injury and not a specific marker for
sIBM.
. p62 levels are decreased in sIBM, suggesting that p62 aggregation is not due

to overexpression.
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Fig. 1.
Examples of different patterns of p62 immunostaining in patients with myositis.

A) subsarcolemmal aggregates, B) sarcoplasmic aggregates, C) punctate pattern, D)
perivacuolar pattern, E) necrotic fibre and F) perifascicular pattern. Red arrows indicated
fine grouped aggregates.
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