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ABSTRACT

Inclusion body myositis (IBM) is an ac-
quired idiopathic inflammatory myopa-
thy more commonly seen in individuals
aged above 50. Unlike other idiopathic
inflammatory myopathies, there is no
response to immunosuppression/immu-
nomodulation. The lack of response to
such therapies led the focus away from
considering IBM as a purely immune-
mediated condition. However, the dis-
covery of antibodies against cytosolic
5 -nucleotidase 1A (cNI1A) in patients
with IBM has reinvigorated interest in
autoimmunity as a key role in its patho-
genesis. Over the last decade different
methods have been developed to detect
anti-cN1A antibodies. There has been
an interest in whether these assays can
be utilised in the diagnosis of IBM.
Furthermore, there has been focus on
whether anti-cNIA antibodies can be
used to prognosticate and predict the
clinical phenotype in IBM. Anti-cNIA
antibodies appear to have a high speci-
ficity and moderate sensitivity for IBM.
There have been some exploratory clin-
icopathological associations described
in seropositive IBM patients, but sample
sizes in most studies have been small so
far. Antibody testing is yet to be stand-
ardised; which somewhat limits our
ability to draw robust conclusions from
current investigations. In this article we
review the literature on anti-cNI1A anti-
bodies and discuss whether they have a
role in clinical practice.

Introduction

Inclusion body myositis (IBM) was
first described in detail within a case
series reported in 1978 (1). IBM is
an acquired myopathy and commonly
grouped into a spectrum of myopathies
known as idiopathic inflammatory
myopathies. It is often reported as the
most common acquired muscle disease

in individuals aged above 50 (2, 3). The
classic pattern of weakness described
is characterised by involvement of the
long finger flexors, quadriceps and foot
dorsiflexors (4-6). Patients can often
develop dysphagia which can have a
significant impact on prognosis.

The pathogenesis behind the condition
is uncertain and is likely to be multifac-
eted. Given the inflammatory features
on muscle biopsy such as marked CD8*
T cell infiltration and increased major
histocompatibility complex (MHC)
class II staining, an autoimmune aetiol-
ogy has been hypothesised (2). How-
ever, this hypothesis has been under
scrutiny given the lack of response to
immunosuppressive and immunomod-
ulatory therapies. Therefore, given its
progressive nature, it has been suggest-
ed that perhaps IBM is driven by de-
generative processes. Postulated mech-
anisms contributing to IBM pathogen-
esis include abnormal mitochondrial
function, myonuclear degeneration and
abnormal protein homeostasis resulting
in the accumulation of aberrant proteins
within the muscle, such as TAR DNA-
binding protein 43 (TDP-43), a highly
conserved nuclear RNA/DNA-binding
protein involved in the regulation of
RNA processing, and sequestosome-1
([SQSTM1], also known as ubiquitin-
binding protein p62), a cargo protein in-
volved in the degradation of misfolded
proteins via selective autophagy (7).
Abnormal nucleic acid metabolism has
been suggested to play a role in IBM
pathogenesis. The expression of mi-
croRNAs, a class of non-coding RNAs
that play important roles in regulating
gene expression, has been shown to
be reduced in immune-mediated myo-
pathies including IBM (8). This may
represent a common mechanistic link
to other myositis given many of these
involve autoantibodies directed against
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important components of nucleic acid
metabolism.

In 2013, two groups confirmed the
presence of an antibody against a 43
to 44 kilodalton protein, cytosolic
5 -nucleotidase 1A (cN1A; synonyms:
cN-1A, Mup44, NT5CI1A, NT5clA,
NT5Cla) in patients with IBM (9, 10).
cN1A is an enzyme which is involved
in the nucleic acid metabolism (11).
The discovery of the antibody has re-
invigorated an interest in the immune-
mediated nature of IBM. Furthermore,
isolating cN1A as an autoantigen high-
lighted again the notion of disordered
muscle metabolism playing an impor-
tant role in IBM pathophysiology. Sub-
sequently there has been great interest
into whether anti-cN1A antibodies may
have a role in diagnosis and help strati-
fy disease course.

In this review we provide an overview
of anti-cN1A antibodies and discuss
whether these antibodies have a role in
clinical practice in relation to IBM.

Cytosolic 5 -nucleotidase 1A

(cN1A) function

cN1A is an enzyme highly expressed in
skeletal muscle and belongs to a class
of enzymes known as 5’-nucleotidases.
cN1A has a role in physiological pro-
cesses such as cell replication and met-
abolic regulation including regulation
of deoxynucleotides after nucleic acid
breakdown (11). cN1A is involved in
the hydrolysis of adenosine monophos-
phate into adenosine and inorganic
phosphate. Previously, lead salt-based
staining for 5”-nucleotidases was used
to aid in the diagnosis of inflamma-
tory myopathies (12). Silencing cN1A
expression has been shown to increase
activation of the enzyme anti-phos-
phorylated adenosine monophosphate-
activated protein kinase (AMPK) (13).
Activated AMPK seems to play a role
in upregulating catabolic pathways in
skeletal muscle tissue (14, 15).

Anti-cN1A antibodies and

their role in pathogenesis

In 2011 Salajegheh et al. were able to
identify circulating antibodies in the
plasma of IBM which bind to a 43 kilo-
dalton muscle autoantigen (16). They
were able to demonstrate autoantibody
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binding to this protein in 52% of pa-
tients with IBM. This antibody was not
present in the sera of 15 healthy volun-
teers and 25 autoimmune myositis (16).
cNI1A was identified to be this autoanti-
gen in 2013 by two groups using mass
spectrometry (9, 10). Interestingly, im-
munohistochemistry illustrated the co-
localisation of anti-cN1A antibodies to
perinuclear regions, rimmed vacuoles
and areas of myonuclear degeneration
in muscle specimens from IBM patients
).

Three isotypes of the antibody have
been identified; IgG, IgA and IgM iso-
types of anti-cN1A antibodies (17).
With regards to antibody binding, three
peptide epitopes on the cN1A have been
described in the literature thus far (9,
10, 18). Synthetic peptides derived from
these immunodominant epitopes were
used to develop initial enzyme-linked
immunosorbent assays (ELISA) for de-
tecting anti-cN1A antibodies (10, 18).
At the time of this manuscript there
has been limited investigation into the
precise role of anti-cN1A antibodies in
IBM pathogenesis. In an experimen-
tal murine investigation, Tawara et al.
compared the effect of passive immuni-
sation of mice using IgG extracted from
IBM patients positive for anti-cN1A,
IgG extracted from IBM patients nega-
tive for anti-cN1A, control IgG ob-
tained from healthy subjects without the
autoantibodies, and phosphate buffered
saline (PBS) as negative control (19).
They observed the formation of p62/
SQSTMI1-positive sarcoplasmic aggre-
gates in myofibres of mice injected with
anti-cN1A positive IgG, which was sig-
nificantly greater in comparison to mice
injected with IgG from anti-cN1A neg-
ative IBM patients, control IgG or PBS.
Mice injected with anti-cN1A positive
IgG also showed higher infiltration of
CD68+ macrophages; however, this dif-
ference was not statistically significant.
Furthermore, myocytes treated in vitro
with anti-cN1A positive IgG showed
significantly greater expression of p62
and significantly reduced cN1A expres-
sion, compared to cells treated with
anti-cN1A negative IgG, control IgG,
PBS, or naive cells. Finally, AMPK lev-
els tended be higher and cN1A expres-
sion was reduced in muscle extracted

from IBM patients, but these findings
were not statistically significant.
Another supportive finding for an au-
toimmune process driving IBM is that
the strongest genetic risk lies within the
MHC region, in particular the human
leukocyte antigen (HLA)-DRB1*03:01
allele (20). The largest genetic asso-
ciation study in IBM to date has also
identified other two candidate HLA al-
leles: DRB1*01:01 and DRB1*13:01
(20). No significant association with
anti-cN1A seropositivity has been
found to be independent of the HLA-
DRB1*03:01 allele (20, 21). This ob-
servation may reflect the high frequen-
cy of this allele in the IBM population.
When seropositive IBM patients were
compared against their seronegative
counterparts, no significant differences
in HLA associations were observed
(20). Recently, highly differentiated ef-
fector CD8"* cytotoxic T-cells, relatively
resistant to apoptosis and expressing
the killer cell lectin-like receptor Gl
(KLRG1), have been described in as-
sociation with IBM, and proposed as a
potential treatment target in IBM (and
T-large granular lymphocytic leukae-
mia [T-LGLL]) (22).

Anti-cN1A antibody detection

Since the initial identification of anti-
cN1A antibodies various techniques
have been developed for their detection.
At the time of this publication, we were
able to identify two assays in the litera-
ture that have been developed for com-
mercial use. The Washington Univer-
sity Neuromuscular Laboratory have
provided commercial testing using a
method involving western blotting fol-
lowed by confirmatory ELISA with re-
combinant cN1A polypeptide (23). An-
other whole recombinant polypeptide
ELISA was developed by Kramp et al.
at Euroimmun labs, Lubeck, Germany,
and has also been used commercially
by the Rheumatology Diagnostics Lab-
oratory (RDL) in the USA (24, 25).

In earlier studies detection of anti-
cN1A antibodies was performed using
techniques such as immunoblotting
and immunoprecipitation using lysates
derived from extracted human skeletal
muscle tissue (10, 16). Alternatively,
other groups have used immunoblotting
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with Human Embryonic Kidney (HEK)
293 cell lysates (26). Such assays have
had sensitivities varying from 33% to
70.2% (Table I) (9, 10, 16, 26).

ELISA remains the most common
method of detecting anti-cN1A anti-
bodies in studies so far. As mentioned
earlier, three major epitopes have been
identified on the cN1A antigen. These
identified peptide sequences were used
to manufacture three linear synthetic
peptides (peptides 1,2 and 3) for a pep-
tide ELISA (18, 27). Positivity was de-
termined if sera demonstrating reactiv-
ity above the cut-off value for at least
one of the three peptides. Sensitivity
from these peptide assays have varied
between 32.8 to 37% (18, 20, 27). Dif-
ferent combinations of peptide binding
were observed between individuals and
within different disease groups (18).
Some sera testing positive for anti-
cN1A using immunoprecipitation were
not showing any reactivity against the
three peptides (18). Therefore, some
individuals may have circulating anti-
bodies that do not bind to these specific
epitopes and are at risk of producing
false negative results (18,28). Evidence
suggests that, in addition to linear
epitopes, there may be antibody bind-
ing to ‘conformational’ epitopes in a
fully synthesised cN1A protein. There-
fore it has been proposed that ELISAs
using an entire cN1A polypeptide rather
than epitope peptides in isolation, may
improve the ability to detect circulat-
ing anti-cINA antibodies. It may also
be more advantageous in terms of ease;
using one ELISA rather then running a
three separate peptide ELISAs.

Kramp et al. developed an ELISA us-
ing whole recombinant cN1A polypep-
tide at Eurroimmun, Lubeck, Germany,
and this assay has also been used at the
RDL(24). The sensitivity of this assay
has varied from 35.5% to 66.7% (Table
I) (24, 29). The Washington Univer-
sity Neuromuscular Laboratory have
achieved sensitivities varying between
63.9% to 72% using a technique in-
volving western blotting followed by a
confirmatory whole recombinant cN1A
polypeptide ELISA (23, 30).

Herbert and Pruijn described early pi-
lot work comparing the peptide ELI-
SA with a whole recombinant cN1A
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ELISA in 55 IBM patients (28). This
study showed a moderate correlation
in seropositivity between the two as-
says (r’=0.54). They found that 27.3%
(15/55) of patients demonstrated se-
ropositivity with both assays, 23.6%
(13/55) for the peptide ELISA alone,
9.1% (5/55) testing positive for the re-
combinant cN1A ELISA alone and 40%
(22/55) testing negative for both assays.
Essentially 54% (15/28) of those testing
using the peptide ELISA showed reac-
tivity to the polypeptide ELISA. A pos-
sible explanation for these observations
is that linear peptides may be less ac-
cessible to antibodies due to the folding
of the full-length protein. The authors
suggest a potential utility in using anti-
cN1A assays combining peptide and
whole protein ELISAs. However the
authors note a bias towards selecting
patients testing positive for anti-cN1A
using the peptide ELISA in their cohort.
A more optimal study design would be
to test both techniques on an unselected
group of samples. Kramp et al. found
a higher and significant correlation in
seropositivty (r=0.79) between recom-
binant cN1A and peptide ELISAs in 51
IBM patients (24). Whole recombinant
cN1A ELISAs do appear to have the
potential to achieve higher sensitivities
than peptide ELISAs (Table I). How-
ever, more detailed work directly com-
paring these ELISAs techniques using
larger sample sizes is needed.

The majority of ELISAs developed de-
tect the IgG isotype of anti-cN1A anti-
bodies. However, IgA and IgM isotypes
have been shown to exist (17). Greenberg
was able to develop separate ELISAs to
detect these three isotypes separately
with similar sensitivities (IgM=53%,
1gA=49%, 1gG=51%) and specificities
(I1gM=96%, 1gA=95%, 1gG=94%). An
ELISA to detect all three isotypes was
developed using a recombinant cINA
polypeptide antigen, improving the sen-
sitivity to 76% (17). However when this
technique was used in another cohort
the sensitivity obtained was lower, with
34.8% of IBM patients testing positive
(21). Authors of this study suggested the
lower seropositivity in their cohort may
be in part attributed to use of immuno-
suppression in 70% of IBM patients in
their cohort (21).

Tawara and Yamshita developed a
novel assay using cell-based immuno-
fluorescence cytochemistry (19, 31). In
this method, the presence of anti-cN1A
autoantibodies is detected based on
colocalisation of green fluorescent pro-
tein (GFP) labelled cN1A and the signal
detected from Alexa Fluor 594-labelled
human IgG. The sensitivity and speci-
ficity for this technique was 35.8% and
91.8% respectively (19). Amlani et al.
developed a method of antibody detec-
tion using an Addressable laser bead
immunoassay (ALBIA) using a recom-
binant cN1A protein (32). They were
able to achieve a sensitivity of 48.8%
in IBM patients. Eura et al. employed
a histopathological approach, in which
patients were deemed to be positive if
the muscle biopsy showed evidence of
anti-cN1A antibody staining in perinu-
clear areas or vacuoles (33). Seroposi-
tivity has been shown to fluctuate in
some assays with no apparent relevance
to the clinical status so far (9, 30).

The heterogeneity of assays used in
studies assessing anti-cN1A antibodies
impacts on how we interpret the differ-
ence in results reported in observational
studies looking at the association be-
tween seropositivity and IBM features.
There is a need for the testing of anti-
cN1A to become standardised so more
reliable interpretations can be made
about its clinical utility.

Another aspect that adds variability and
needs to be addressed moving forward,
is identifying suitable cut offs. Setting
higher cut offs has clearly improved
specificity in some assays but increases
risk of false negative results (and de-
creases sensitivity) (9, 10, 28). In the
future it may be helpful to investigate
the use of anti-cN1A antibody titre lev-
els when testing for seropositivity rather
than just abiding by arbitrary cut-offs
(28).

A recent meta-analysis has investigated
the role of anti-cN1A antibody as a di-
agnostic marker using a Bayesian meth-
odology (39). Out of 17 studies that
were reviewed, seven were pooled to-
gether for this meta-analysis (10, 16, 18,
19, 26, 32, 34). Case reports, duplicate
reports and reviews were removed from
the analysis. Based on these data the au-
thors suggest that anti-cN1A antibodies
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are not a useful diagnostic biomarker,
with a positive predictive value of 0.75
for those aged above 50 and 0.25 in the
general population. When interpreting
these results, it should be noted that dif-
ferent assay techniques were used in the
studies included in this meta-analysis.
Furthermore, analysis was not adjusted
for factors such as age, gender, ethnic-
ity, disease severity and comorbidities.

Anti-cN1A antibodies and
histopathological correlation
Attempts have been made to determine
associations between anti-cN1A anti-
body positivity and histopathological
changes.

Lloyd et al. were able to demonstrate
that IBM patients testing positive for
anti-cN1A antibodies had significantly
lower levels of rimmed vacuoles on his-
tology compared to those patients test-
ing negative for the antibody (26).
Lilleker er al. were able to show that
muscle from those IBM patients testing
positive for anti-cN1A antibodies dem-
onstrate significantly more cytochrome
¢ (COX) negative fibres (27). Despite
adjustment for age at disease onset, gen-
der, co-morbidities and age at biopsy,
there was a significant excess of COX
deficient fibres in antibody positive
patients. Ikenaga et al. made a similar
observation of significantly more COX
deficient fibres in seropositive IBM pa-
tients (30).

Tawara et al. report a significantly
smaller mean area of type 2 myofibres
in seropositive IBM patients (19). Pinto
et al. describe seropositive patients hav-
ing significantly higher number of re-
generating fibres (29).

Paul et al. found seropositive patients
were more likely to have inflammatory
changes (36). However, this was either
in the presence of one or more other
classic IBM pathological findings, or
not statistically significant in the ab-
sence of such features. No other stud-
ies have shown a relationship between
seropositivity and the degree of muscle
inflammation (19, 25-27, 30).
Although not statistically significant,
Tawara et al. observed increased peri-
nuclear colocalisation of autophagy
related proteins aggregates containing
p62 and the anti-cN1A antibody (19).
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However, the sample sizes in this study
were small with three antibody positive
IBM patients and six seronegative pa-
tients, therefore limiting the ability to
extrapolate these findings. Eura et al.
noted that in 80% of their IBM cohort
there was anti-cN1A positivity with-
in vacuoles; in all such patients p62/
SQSTMI1 was co-expressed in these
vacuoles (33). They also observed 89%
of patients had anti-cN1A staining in
the perinuclear region. Colocalisation
of anti-cN1A at these sites had been
noted in earlier studies (9). This colo-
calisation supports the hypothesis that
altered nucleic acid metabolism at these
sites may be involved in IBM patho-
genesis.

No statistically significant relationship
between seropositivity and other histo-
logical features such as MHC expres-
sion, congophillic or tubofilamentous
inclusions and focal infiltration have
been noted thus far (25-27, 30, 36).

Anti-cN1A antibody and clinical
phenotype or other disease features
There have been attempts to determine
whether anti-cN1A antibodies can help
predict a specific clinical phenotype
and if seropositive patients belong to a
clinically distinct subset of IBM.
Investigating correlations between an-
ti-cN1A antibody positivity and other
investigations have shown variable
findings. We have already discussed
the potential associations between se-
ropositivity and pathological hallmarks
noted on biopsy. Creatinine Kinase
(CK) levels are classically only mildly
elevated (or normal) in IBM but can be
a useful tool in formulating the diagno-
sis. There appears to be no relationship
noted thus far in seropositive IBM pa-
tients and CK levels (25, 27, 30, 32, 36,
37). Interestingly, in one study, CK lev-
els were found to be significantly lower
in seropositive patients diagnosed with
inflammatory myopathies other than
IBM (30). Seropostivity has recently
been shown to be associated with short-
er motor unit potentials (29). No sig-
nificant relationship has been observed
between seropositive IBM patients and
other myopathic changes on electro-
myography (EMG), such as myotonic
discharges and denervation (19, 36).

Muscle MRI is used as a clinical and re-
search tool in IBM; fatty infiltration can
be observed in T1-weighted sequences,
reflecting chronic changes, and water
deposition or muscle oedema as part of
muscle inflammation can be detected
using T2-weighted sequences with fat
suppression, such as the short tau in-
version recovery (STIR) sequence (40,
41). Detecting such changes in charac-
teristic muscle groups can be useful in
clinical practice. Our group were able
to demonstrate higher degree of fat in-
filtration and greater STIR hyperinten-
sity in seropositive IBM patients (42).
Certain antibodies tested in autoim-
mune screening have been shown to
be significantly higher in IBM patients
testing positive for anti-cN1A antibod-
ies; this includes anti-La/SSB, anti-
Ro52, anti-signal recognition particle
(SRP) and anti-isoleucyl-tRNA syn-
thetase (anti-OJ) (24, 27). No signifi-
cant relationship between anti-cN1A
positivity and antinuclear antibody
staining patterns in IBM has been dem-
onstrated (32). Certain immune-medi-
ated myopathies have been shown to
be associated with a high risk of can-
cer, namely anti-transcriptional inter-
mediary factor-1 gamma (TIF-1y) and
anti-nuclear matrix protein 2 (NXP2)
associated myositis (43). Unlike these
myositis-specific antibodies, anti-cINA
positivity does not appear to be associ-
ated with malignancy (21, 30).

The role of specific viral infection re-
sulting in a predilection to develop IBM
has previously been suggested (4). Vi-
ruses suggested to have an association
with IBM, including hepatitis C virus
(HCV), human immunodeficiency vi-
rus (HIV) and human T-cell lympho-
tropic virus type 1 (HTLV-1). Interest-
ingly, Tawara et al. noted that in their
Japanese cohort those patients testing
positive for anti-cN1A antibodies were
less likely to have evidence of previous
hepatitis C infection (19). Oyama et al.
found no such relationship between an-
tibody status and previous hepatitis C
infection (35).

There does not appear to be an associa-
tion between gender and seropositivity
(19, 23, 27, 30, 36, 37). In one report
the risk of seropositivity was shown to
be higher when the age of diagnosis was
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Table I. Anti-cN1A antibody assays used in studies testing positivity in inclusion body myositis.

Year Authors Assay technique Number of Total number Number of non-IBM individuals tested in Sensitivity (%) Specificity (%)
(+ commercial IBM patients  of non-IBM each subgroup
laboratory) tested individuals tested
2011 Salajegheh et al. (16) Immunoprecipitation 25 40 DM (n=10), PM (n=10), MG (n=5), HC (n=15) 52 100

using muscle lysates

2013 Larman et al. (9) Immunoblotting 47 153 HC (n=35), PM (n=26), Necrotising Myositis (n=14), 702 340ata 924 (983 ata
using muscle lysates DM (n=36), MG (n=13), Muscular dystrophy (n=10), higher cut off)  higher cut-off)
Myotonic dystrophy (n=4), LGMD (n=4),
Myofibrillar myopathy (n=1), Distal myopathy with
rimmed vacuoles (n=1), Other muscle diseases (n=19)

2013 Pluk et al. (10) Immunoprecipitation 94 172 HC (n=32), DM (n=24), PM (n=22), NMD (n=94) 59.6(330ata 913 (97.1 ata
using muscle lysates higher cut off)  higher cut-off)

2014  Greenberg (17) Recombinant cN1A 50 155 HC (n=34), DM (n=36), PM (n=27) Muscular 76 91
ELISA for three Ig dystrophy (n=9), MG (n=13), Necrotising myositis
isotypes (n=13), Other myopathies (n=23)

2016 Lloyd et al. (26) Immunoblotting of 117 383 HC (n=42), PM (n=42), DM (n=159), 60.7 86.7
lysates from trans- SLE (n=96), SS (n=44)

fected HEK293 cells

2016 Herbertetal. (18)  Three peptide ELISA 238 524 PM/DM (n=185), PM/SSc overlap (n=12), 37.0 937
NMD (n=93), SS (n=22), SLE (n=44),
SSc (n=44), RA (n=4), Multiple sclerosis (n=40),
Type 1 Diabetes (n=40)

2016 Limaye et al. (21) Recombinant cN1A 69 0 0 34.8 NA
ELISA for three Ig
isotypes

2016 Kramp er al. (24) Recombinant cNIA  Group A=31 Group A =255 Group A GroupA=355 GroupA=96.1
ELISA (RDL) HC (n=52), DM (n =4), PM (n=7),
(Euroimmun) Unspecified myositis (n=94) Muscle atrophy (n=1),

Myonecrosis (n=4), SLE (n=33), SS (n=20),
SSc (n=20), RA (n=9)

Group B=51 Group B =202 Group B Group B =392 Group B=96.5
(Lubeck, Germany) HC (n=202)

2016 Goyal et al. (23) Western Blotting 25 0 0 72 NA
followed by recom-
binant cN1A ELISA
(WUNL)

2016 Euraeral. (33) Perinuclear or rimmed 35 20 PM (n=10), DM (n=10) 88.6 80.0
vacuole anti-cN1A
staining in muscle

2017 Muro et al. (34) Recombinant cN1A 10 356 HC (n=42), DM (n=144, 62 with classic, 48 with 80 919
ELISA clinically amyopathic, 22 with cancer-associated,

12 with juvenile), SLE (n=50),
SSc (n=50), SS (n=50), PM (n=10),
Mixed connective tissue disease (n=10)

2017 Lilleker et al. (27)  Three peptide ELISA 311 0 0 32.8 NA
2017 Tawara et al. (19) Cell based 67 158 HC (n=10). PM (n=36), DM (n=31), Immune- 35.8 91.8
(Yashita and Tawara immunofluorescence mediated necrotising myopathy associated with anti—
2019) 31) assay signal recognition particle autoantibody (n=8),

Non-inflammatory muscle diseases (41), fasciitis (51),
Autoimmune diseases including SLE and SS (n=15),
and Neurogenic muscular atrophy (16)

2017 Rothwell et al. (20) Three peptide ELISA 104 0 0 34.6 NA
2018 Felice et al. (25) Recombinant cN1A 40 0 0 50 (42.5 when NA
ELISA (RDL) weakly positive

patients excluded)
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Year Authors Assay technique Number of Total number Number of non-IBM individuals tested in Sensitivity (%) Specificity (%)
(£ commercial IBM patients  of non-IBM each subgroup
laboratory) tested individuals tested
2019 Amlani et al. (32) ABIA using recom- 43 615 HC (n=78), IIM (DM/PM n=142), SLE (n=199), 48.8 91.7
binant ctN1A SSc (n=50), SS (n=19), Juvenile DM (n=40)
Osteoarthritis (n=47), RA (n=27)
2020 Oyama et al. (35) Recombinant cN1A 83 0 0 337 NA
ELISA
2021 Ikenaga et al. (30) ~ Western Blotting 249 344 DM (n = 53), Anti-synthetase syndrome (n = 27), 63.9 84.6
followed by Recom- Necrotising myositis (n = 76),
binant cN1A ELISA Non-specific myositis (n = 84).
(WUNL) VCP-related multisystem proteinopathy (n = 26), LGMD (n = 19),
Myotonic dystrophy (n = 9), Mitochondrial myopathy (n = 5),
Facioscapulohumeral muscular dystrophy (n = 6),
Becker muscular dystrophy (n = 5), McArdle’s disease (n = 3),
GNE myopathy (n = 3), myofibrillar myopathy (n = 3),
Pompe disease (n = 2), dystroglycanopathy (n = 1),
Poland syndrome (n = 1), and centronuclear myopathy (n = 1),
Idiopathic rhabdomyolysis (n = 20).
2021 Paul et al. (36) Recombinant cN1A 92 0 0 51.1 NA
ELISA (RDL)
2021 Lucchini et al. (37) Recombinant cN1A 62 62 DM (n=20), PM (n=10), Necrotising myositis (n=28), 37.1 96.8
ELISA (Euroimmun) Overlap Myositis (n=4)
2021 Levy et al. (38) Recombinant cN1A 9 70 DM (21), PM (49) 55.6 88.6
ELISA (Euroimmun)
(79 myositis patients
were tested. 26 out
of these 79 myositis
patients also had SS.
Of the SS patients, 6
had IBM, 3 had DM
and 17 had PM.)
2021 Pinto et al. (29) Recombinant cN1A 30 0 0 66.7 (Of all NA

ELISA (RDL) IBM patients
tested; 35%
were weakly

positive, 25%
were moderately
positive and
40% were

strongly positive

cNI1A: 5’-cytosolic nucleotidase 1A; ELISA: enzyme-linked immunosorbent assay; LGMD: limb-girdle muscular dystrophy; NA: not applicable (when specificity not quoted in the
article or could not be inferred the value has been marked as NA); RDL: Rheumatology Diagnostics Laboratory; HC: healthy controls; IIM: idiopathic inflammatory myopathies;
DM: dermatomyositis; PM: polymyositis; MG: myasthenia gravis; NMD: neuromuscular diseases; RA: rheumatoid arthritis; SLE: systemic lupus erythematous; SS: Sjogren’s

syndrome; SSc: systemic sclerosis; WUNL: Washington University Neuromuscular Laboratory.

above 60 (25). However, most studies
have not identified such an association
with age. An association between dys-
phagia and anti-cN1A seropositivity
has been noted in two studies. In one
cross-sectional study using the IBM
functional rating scale IBMFRS) scale
item one to assess swallowing function,
seropositive patients had lower item
1 scores and were significantly more
likely to have more severe swallowing
problems (defined as an item score be-
low or equal to 2) (37). Goyal et al. also
found that seropositive patients more
frequently had dysphagia (23), with
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dysphagia being defined based on pa-
tient reported symptoms during assess-
ment. Both studies did not use validated
dysphagia-specific questionnaires or
any radiographic studies to determine
the degree of dysphagia or any subclin-
ical evidence of dysphagia in absence
of reported symptoms. This potential
relationship between anti-cN1A sero-
positivity and dysphagia has not been
confirmed in other studies (19, 25, 27,
30, 32, 36). When dysphagia has been
assessed with videofluroscopy in addi-
tion to speech and language therapist
review, there was no evidence that anti-

cN1A antibodies were associated with
the presence of dysphagia (36).

Only one study so far has noted fa-
cial weakness to be significantly more
likely in seropositive patients, even
after adjusting for other variables such
as age, gender and comorbidities (27).
One group found seropositive patients
to score higher on the modified oral
bulbar facial respiratory scale, however
this relationship was not statistically
significant (p=0.06) (23). No other
studies have described an association
between anti-cN1A seropositivity and
facial weakness. Clearly it would be
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of great benefit to have a biomarker to
help predict the pattern or severity of
weakness in IBM. Patients testing posi-
tive for the antibody have been shown
to be less likely to present with proxi-
mal upper limb weakness in compari-
son to seronegative IBM patients in two
studies (27, 30). However, again other
reports have not found a significant re-
lationship. The potential of anti-cN1A
to predict more severe muscle weak-
ness has been noted using the sum
score of the Medical Research Council
(MRC) scale for muscle strength (23).
Amlani et al. found that seropositive
patients were more likely to have more
severe weakness (assessed using dy-
namometry testing of the finger flexors
and quadriceps) (32). Further multivari-
ate analysis did not show a statistically
significant association. A relationship
between anti-cN1A antibodies and limb
weakness has not been demonstrated in
other studies (36).

Difficulties with mobility affects most
patients with IBM at some point in
their disease course. In one study, se-
ropositive patients were found to have
an increased risk of requiring a walker
or a wheelchair (23). The median time
to stand up from a standard chair was
15 seconds and was also significantly
longer in the seropositive group. De-
jthevaporn et al. found seropositive
patients to score significantly lower on
the IBMFRS item for their ability to
climb stairs compared to their seronega-
tive counterparts (42). Apart from these
studies, other groups have been unable
to detect a significant relationship be-
tween being anti-cN1A antibody posi-
tive and the level of disability. After ad-
justing for age at disease onset, gender
and comorbidities, the risk for mobility
aid requirement was just outside the sig-
nificance threshold (p=0.056) in a study
by Lilleker ez al. (27).

Respiratory compromise is often seen
as an end stage feature in IBM. Goyal
et al. found that seropositivity is associ-
ated with a greater probability of respir-
atory compromise, with these patients
achieving lower forced vital capaci-
ties (23). Furthermore, seropositivity
has been shown to be associated with
greater risk of death from respiratory
complications (27). These associations
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with respiratory function are yet to be
replicated.

The correlation between phenotype
and antibody status is being prospec-
tively investigated across 12 US sites
(NCTO05046821). The Sporadic Inclu-
sion Body Myositis Natural History
Study (INSPIRE-IBM) is a prospective
natural history study on 150 patients
fulfilling the ENMC 2011 criteria for
diagnosis of IBM. Participants will
be followed up every 6 months over 2
years and at baseline and will be test-
ing for cN1A antibody status. This study
will assess the rates of disease progres-
sion and severity as measured by rates
of decline in IBMFRS score and TUG,
and will quantify decline in respiratory
function. Additional studies on muscle
and blood derived lymphocytes are also
planned.

Anti-cN1A antibody and

predicting survival in IBM

There has been interest in whether anti-
cN1A antibodies could be used as prog-
nostic marker. Lilleker e al. were able
to demonstrate that testing positive for
anti-cN1A antibody increases the risk
of death (27). The median survival time
after diagnosis in seropositive group
was 17.6 years compared to 24.2 years
in the seronegative group which was
significantly less. The risk of death was
65% higher in seropositive patients.
Even after adjusting for age at diagno-
sis, gender and comorbidities, the risk
of death was significantly higher in
seropositive patients. However other
studies looking at the impact of anti-
cN1A antibodies on survival has not
found any statistically significant asso-
ciations (30). Caution is required when
interpreting the results of these stud-
ies (27, 30), as they have retrospective
study designs and inherent limitations
with possibility of bias and spurious
results.

Anti-cN1A antibody in

other autoimmune diseases

and muscle conditions

Anti-cN1A antibody positivity was
shown to be significantly lower in
immune-mediated myopathies in com-
parison to IBM (Table I) (10, 17, 18,
24, 26). Anti-cN1A antibody positiv-

ity could be particularly useful in dis-
tinguishing IBM from polymyositis or
dermatomyositis, as IBM is commonly
misdiagnosed as these conditions (10,
17, 18, 24, 26). Testing positive for the
antibody may be helpful in the clinic if
muscle biopsy is contraindicated or in-
conclusive though the current ENMC
2011 criteria do not include antibody
status. In one report seropositive in-
flammatory myositis patients (other
than IBM) were shown to have lower
CK levels and higher levels of anti-
nuclear antibodies. Seropositivity in
juvenile myositis (present in 26.8%)
was found to be associated with greater
clinical severity with more frequent
hospitalisations and more respiratory
disease (44). In this study, 27.0% of ju-
venile dermatomyositis, 11.1% of juve-
nile polymyositis and 12.0% of healthy
children tested positive for anti-cN1A.
A recent study has described seroposi-
tivity in anti-synthetase syndrome and
other interstitial lung diseases including
hypersensitivity pneumonitis and idio-
pathic pulmonary fibrosis (45). Interest-
ingly, Rietveld et al. and Amlani were
unable to detect anti-cN1A antibodies
in their cohort of juvenile dermatomy-
ositis (32, 46). Seropositivity has been
investigated in necrotising myositis;
Tawara et al. noted positivity in 25%
and Ikenaga et al. noted positivity in
11.8% of necrotising myositis patients
in their studies, whereas Larman et al.
did not detect any anti-cN1A antibod-
ies in the 14 patients tested (9, 17, 19,
30, 37).

Patients with other autoimmune condi-
tions have been shown to test positive
for anti-cN1A antibodies. This observa-
tion lends support to the argument that
IBM does have an autoimmune aetiol-
ogy. However, seropositivity in such
conditions adds another layer of com-
plexity when considering anti-cN1A as
a diagnostic marker calling into ques-
tion its specificity to IBM. In particular
patients with Sjogren’s syndrome (SS)
and systemic lupus erythematous (SLE)
have been shown to test positive for
anti-cN1A antibodies fairly frequently
(18, 26, 32, 34, 38, 47). In the largest
study investigating anti-cN1A positiv-
ity in SLE and SS, the frequency of
seropositive patients ranged from 6 to
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Table II. Studies with available anti-cN1A antibody positivity rates in autoimmune disease and muscle conditions other than IBM.

Year Authors Assay technique Healthy PM DM NM SLE SS SSc Non-autoim-
(+ commercial laboratory) controls positivity positivity  positivity positivity  positivity positivity mune NMD
positivity (%) (%) (%) (%) (%) (%) (%) positivity (%)
2011 Salajegheh er al. (16)  Immunoprecipitation using 0 0 0 NA NA NA NA NA
muscle lysates
2013 Larman er al. (9) Immunoblotting using muscle NA 7.69 3 (3.8 at 16.7 (2.7 at 0 NA NA NA 5.3 (0 at
lysates higher cut off) higher cut off) higher cut off)
2013 Pluk ez al. (10) Immunoprecipitation using 0 13.6 (4.2 at 20.8 (4.5 at NA NA NA NA 74((32at

muscle lysates higher cut off) higher cut off) higher cut off)

2016 Lloyd et al. (26) Immunoblotting of lysates 4.8 4.8 15.1 NA 135 22.7 NA NA

from transfected HEK293 cells

2016 Herbert et al. (18) Three peptide ELISA NA NA®* NA®* NA 20.5 364 23 43

2016 Kramp et al. (24) Recombinant cN1A ELISA 1.9 0 0 NA 6.1 0 10 0

(Euroimmun)

2016 Eura et al. (33) Perinuclear or rimmed vacuole NA 30 10 NA NA NA NA NA

anti-cN1A staining in muscle

2017 Muro et al. (34) Recombinant cN1A ELISA 24 10 11.1 (16.7 NA 6 2 4 NA
in JDM)

2017 Tawara et al. (19) Cell based immunofluorescence 0 13.9 12.9 25 0 0 NA 35
assay

2018 Rietveld et al. (47) Recombinant cN1A ELISA NA NA NA NA 103 11.9 NA NA
(Euroimmun)

2018 Yeker et al. (44) Immunoblotting of lysates 12 11.1 270 NA NA NA NA NA
from transfected HEK293 (children) (JDM only) (JDM only)
cells

2019 Amlani et al. (32) ABIA using recombinant cN1A 5.1 NA® NA*(0inJDM NA 13.6 0 6 154

only)

2021 Ikenaga et al. (30) Western Blotting followed by NA NA 20.8 11.8 NA NA NA 5.8
recombinant cN1A ELISA
(WUNL)

“PM and DM positivity rate was reported collectively as 4.3% in this study (18). *Adult PM and DM positivity rate was reported collectively as 7% in this study (32).

cN1A: 5’-cytosolic nucleotidase 1 A; ELISA: enzyme-linked immunosorbent assay; NA: not applicable (when positivity for the condition was not tested, not quoted in the article or
could not be inferred the value has been marked as NA); RDL: Rheumatology Diagnostics Laboratory; HC: healthy controls; IIM: idiopathic inflammatory myopathies; DM: der-
matomyositis; JDM: dermatomyositis; PM: polymyositis; NMD: neuromuscular diseases; RA: rheumatoid arthritis; SLE: systemic lupus erythematous; SS: Sjogren’s syndrome;

SSc: systemic sclerosis; WUNL: Washington University Neuromuscular Laboratory.

21% (mean 10.3%) and 7 to 19% (mean
11.9%), respectively, with the range
reflecting the different provenance of
the serum (cohorts from 4 different
countries) (47). In both diseases, sero-
positive patients were shown to have
a greater burden of comorbidities. The
highest rate of seropositivity for SS
and SLE reported so far is 36.4% and
20.5% respectively (18). SS has been
shown to share common pathogenic
mechanisms with IBM (22). In a recent
study, IBM was diagnosed more freqe-
untly in myositis patients with SS, than
in myositis patients without SS (38).
Although anti-cN1A  seropositivity
was more frequent in SS patients with
concurrent myositis, this association
between SS and anti-cN1A was shown
to be independent from the diagnosis of
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IBM. This suggests that seropositvity
has limited specificity in the diagnosis
of IBM in SS patients. Therefore, it
may be important to be more cautious
with or even avoid anti-cN1A testing is
SS patients suspected to have myositis.
As expected, anti-cN1A antibody posi-
tivity in IBM patients is significantly
higher in comparison to neuromuscular
conditions other than myositis includ-
ing muscular dystrophies, metabolic
myopathies, and other neurodegenera-
tive conditions (9, 17-19, 30, 32). Most
patients in these subgroups test negative
for anti-cN1A antibodies. A recent re-
port described two patients with motor
neurone disease that tested positive for
anti-cN1A antibody while undergoing
investigation for differential diagnoses
(48). Seropositivity in such conditions

is likely to represent an epiphenom-
enon and should advocate caution be-
fore anti-cN1A testing; only reserving
it for cases when there is high index
of suspicion for IBM. Valosin contain-
ing protein (VCP) related multisystem
proteinopathy is a syndrome in which
patients develop a myopathy with histo-
logical similarities to IBM, in addition
to Paget’s disease and frontotemporal
dementia (2). Animal models of VCP-
related multisystem proteinopathy have
been used in experimental studies to
replicate features of IBM seen in hu-
mans (49). Interestingly VCP related
myopathy patients had a significantly
higher rate of anti-cN1A antibody posi-
tivity compared with other non-inflam-
matory muscle diseases (30). Seroposi-
tivity in familial forms of IBM have
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been variable thus far and due to rarity
of such cases it is difficult to infer any
sort of relationship at this stage (9, 50,
51).

In summary, anti-cN1A antibodies have
been reported in 0%-20.5% of patients
with SLE (18, 19), 0%-36.4% of pa-
tients with SS (18, 19, 24, 32), 2.3%-
10.0% of patients with systemic scle-
rosis (18, 24), 0%-20.8% of patients
with dermatomyositis (up to 27.0% in
juvenile dermatomyositis) (16, 19, 44),
0%-30.0% of patients with polymy-
ositis (16, 24, 32, 33), 8.7%-25.9% of
patients with anti-synthetase syndrome
(30, 45), 0%-25.0% of patients with
necrotising autoimmune myopathy (9,
19), 0%-5.1% of healthy controls (up
to 12.0% in healthy children) (10, 16,
19, 32, 44), and 0%-15.4% of patients
with non-autoimmune neuromuscular
diseases (Table II) (24, 32). Therefore it
is critical to guide antibody testing and
its interpretation in the clinic based on
typical IBM phenotypic presentation,
all the while factoring in the potential
impact of co-morbid illnesses.

Conclusions

Over the past decade there has been
much interest in the role of anti-cN1A
antibodies in IBM. There has been
a lack of investigation into whether
the antibody has a pathogenic role or
whether it is secreted as an epiphenom-
enon in the context of immune-mediat-
ed sequalae.

These antibodies overall have a high
specificity and moderate sensitivity
in IBM. A variety of assay techniques
have described in the literature to detect
anti-cN1A antibodies. This heteroge-
neity in the literature limits our ability
to draw precise conclusions about the
utility of this antibody as a diagnostic
marker or prognostic tool. Standardi-
sation of antibody testing and interna-
tional agreement on cut off values will
allow more robust, reliable and repro-
ducible evaluations of clinicopatho-
logical associations. Some reports do
suggest that seropositive patients may
have a more severe phenotype and are
at risk of developing specific features.
However, it should be noted that such
findings are variable and have not been
universally replicated. Moreover, these
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reports are largely either coming from
cross-sectional or retrospective studies,
often describing univariable rather than
multivariable analyses. Such studies
are therefore limited in their ability to
provide a conclusive understanding of
anti-cN1A risk; their results are prone
to bias (e.g. selection and collider bias,
and unmeasured confounding) and can-
not be interpreted causally but only as
observed associations within a given
patient population. Moreover, given the
relative rarity and the frequent misdi-
agnosis of IBM it is difficult to gener-
ate large amounts of data on anti-cN1A
antibodies and we are still reliant on
smaller study populations; prospective
data collection and multicentre collabo-
ration should therefore be stimulated
and is currently ongoing as part of the
INSPIRE-IBM study.

At this stage it is difficult to accurately
conclude whether anti-cN1A antibodies
have a concrete role in clinical practice.
Whilst these antibodies are being evalu-
ated, rather than a core diagnostic test
they may be useful as supportive tool
in aiding diagnosis; for example, in pa-
tients with classical features and non-
diagnostic findings on repeat muscle
biopsy or who cannot undergo biopsy.
Diagnosis of IBM should not rely ex-
clusively on isolated disease features.
Expert diagnosis is based on the com-
bination of clinical findings and results
of investigations (e.g. muscle biopsy,
imaging, laboratory, autoantibody and
EMG evaluations).
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