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Abstract

Objectives: Anti-transcriptional intermediary factor 1y (TIF1y) autoantibodies are associated with malignancy in adult-onset idiopathic inflamma-
tory myopathy (IIM) and this risk is attenuated if patients are also positive for anti-specificity protein 4 (Sp4) or anti-cell division cycle apoptosis
regulator protein 1 (CCAR1). In anti-TIF1y positive dermatomyositis (DM) patients from the USA, anti-Sp4 and anti-CCAR1 autoantibody frequen-
cies are reported as 32% and 43% in adults and 9% and 19% in juveniles, respectively. This study aims to identify the frequency of anti-Sp4
and anti-CCAR1 in adult and juvenile UK anti-TIF1y-positive myositis populations and report clinical associations.

Methods: Serum samples from 51 UK participants with adult-onset IIM and 55 UK participants with JDM, all anti-TIF1y autoantibody positive,
and 24 healthy control samples were screened for anti-Sp4 and anti-CCAR1 autoantibodies by ELISA.

Results: In UK adult anti-TIF1y positive [IM patients, anti-Sp4 and anti-CCAR1 frequencies were 4% (2/51) and 16% (8/51). Both adult patients
with anti-Sp4 were also positive for anti-CCAR1. In UK juveniles, anti-Sp4 was not detected and 13% (7/55) had anti-CCAR1 autoantibodies.
Nineteen (37%) anti-TIF1y positive UK adult myositis patients had cancer; neither of the two patients with anti-Sp4 autoantibodies and 25% (2/8) of
anti-CCAR1 autoantibody-positive patients had cancer. No anti-Sp4 or anti-CCAR1 clinical associations were identified.

Conclusion: Anti-Sp4 and anti-CCAR1 autoantibodies are less common in the adult UK anti-TIF1y-positive myositis population compared with
published data from the USA, limiting their use as biomarkers for cancer risk. In patients with juvenile onset disease, anti-Sp4 is less frequent in
UK patients compared with the USA, but the prevalence of anti-CCAR1 autoantibodies is similar.
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Rheumatology key messages

* Anti-Sp4/anti-CCAR1 autoantibodies are rarer in UK anti-TIF1y-positive adults compared with a similar US patient cohort.
* Anti-Sp4 autoantibodies are rarer in UK anti-TIF1y-positive children compared with a similar US patient cohort.

* The low prevalence of anti-Sp4 and anti-CCAR1 in UK patients limits their utility as cancer biomarkers.
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Introduction

Autoantibodies are a hallmark of IIM and are important bio-
markers allowing patients to be sub-grouped, as they are as-
sociated with specific clinical phenotypes and risk factors.
Autoantibodies targeting the E3 ubiquitin-ligase family mem-
ber transcriptional intermediary factor 1y (TIF1y), are associ-
ated with a significantly increased risk of cancer-associated
myositis (CAM) in adults [1], with malignancy rates of 38—
80% reported in anti-TIF1ly positive adult dermatomyositis
(DM) patients [2]. Recently published International Myositis
Assessment and Clinical Studies Group cancer screening
guidelines include anti-TIF1y autoantibodies as a 'high risk'
factor for malignancy [3]. Interestingly, anti-TIF1y is the
most common autoantibody seen in juvenile-onset IIM
cohorts from the UK and USA, where it is not associated with
malignancy but is linked to more severe skin disease and dis-
ease chronicity [4-7].

Autoantibodies targeting Sp4 and CCAR1 have recently
been identified in IIM patients and have been shown to pre-
dominantly occur in DM patients with anti-TIF1y autoanti-
bodies [8, 9]. Hosono et al. reported an anti-Sp4 frequency of
43% in adult DM patients with anti-TIF1y autoantibodies
[8]. None of the anti-TIFly autoantibody positive DM
patients who were also positive for anti-Sp4 autoantibodies
developed malignancy, as compared with 14% of the anti-
Sp4 negative anti-TIF1y autoantibody positive DM patients
who developed CAM [8]. Anti-CCAR1 autoantibody fre-
quency in adult DM patients positive for anti-TIF1y autoanti-
bodies is reported as 30-34% in two cohorts from the USA
tested by ELISA [10]. Cancer rates in anti-CCAR1 positive
anti-TIF1ly autoantibody positive patients were also signifi-
cantly lower than in anti-CCAR1 negative anti-TIF1y positive
patients in both tested cohorts from the USA [10]. Given the
significantly reduced rate of cancer in anti-TIFly positive
DM patients that also have anti-Sp4 or anti-CCAR1 autoan-
tibodies, it has been suggested these autoantibodies could
prove highly useful biomarkers to refine cancer risk and the
need for further investigation and screening in this high-risk
population [8-10].

In those with juvenile-onset disease, where an association
between anti-TIF1y and malignancy is not seen, both autoan-
tibodies have been shown to have a lower prevalence: anti-
Sp4 autoantibodies were found in 20% of anti-TIF1y positive
juvenile IIM patients from the USA and were associated with
Raynaud’s, milder muscle weakness and lower peak aspartate
aminotransferase (AST) [11]. Anti-CCAR1 autoantibody fre-
quency was 9% of an anti-TIF1y positive US juvenile derma-
tomyositis (JDM) cohort screened by ELISA, and was
associated with a lower frequency of cutaneous ulceration
and similar clinical features to anti-Sp4 autoantibodies [12].

We aimed to determine the frequency of anti-Sp4 and anti-
CCART1 in UK anti-TIF1y-positive myositis populations and
report any observed clinical associations, including can-
cer risk.

Methods
Patients

Nine hundred and ninety-six adult-onset probable or definite
polymyositis (PM)/DM recruited to the UK Myositis
Network (UKMYONET) and 381 UK JDM samples
recruited to the UK Juvenile Dermatomyositis Cohort and

Biomarker Study (JDCBS) [4, 13] were included. Cancer data
within UKMYONET were obtained from clinical records
and linkage to NHS England’s cancer register.

An additional 11 anti-TIF1y positive JDM patient samples
from the USA were also available to us for analysis. These
patients had probable or definite JDM or juvenile polymyositis
(JPM) enrolled in the National Institutes of Health’s investiga-
tional review board-approved natural history protocols [5].

The earliest serum/plasma samples available were analysed;
however, due to variation in when patients were recruited,
this ranged widely from disease onset to several years later.

Anti-TIF1y autoantibody detection

Protein immunoprecipitation (IP) of radiolabelled K562 cells
had previously been performed on all samples to determine
the presence of autoantibodies as described [14-17]. In all
patients with a compatible 155/140kDa doublet (n=355
adult IIM and 7= 65 juvenile DM), anti-TIF1y ELISA (MBL,
RG-7854R) was performed as per the manufacturer’s instruc-
tions to confirm the presence of anti-TIF1y. To remain con-
sistent with previously published data, an ELISA cut-off of
>7 units was used [18]. Fifty-one adult and 55 juvenile IIM
patient samples were positive by both IP and MLB ELISA.

Anti-Sp4 autoantibody detection

Anti-Sp4 ELISA was performed as previously described by
Hosono et al. [8]. Each ELISA plate was calibrated and arbi-
trary units (AU) calculated using a serial dilution calibration
curve of a myositis positive sample. The positive cut off was
set as 5 SD above the mean of 24 healthy controls. Anti-GST
ELISA was performed on positive samples as described [8] in
order to exclude cross reactivity with the recombinant pro-
tein GST tag.

Anti-CCAR1 autoantibody detection

Anti-CCAR1 autoantibody ELISA was performed as previ-
ously described by Fiorentino et al. [10]. The recombinant
CCAR1 C-terminal fragment used in the ELISA was gener-
ously gifted to us by Dr Livia Casciola-Rosen.

Analysis

Categorical variables are reported as percentage and absolute
frequencies, and Fisher’s exact test was used to compare
groups. Continuous variables are reported as median [inter-
quartile range (IQR)] and Wilcoxon’s rank-sum test was used
to compare groups. GraphPad Prism 9.5.1 (GraphPad
Software, Boston, MA, USA) was used to perform analyses.

Ethics approval

Informed written consent to participate in this study was
given by all participants; parental consent was given for chil-
dren in accordance with the Declaration of Helsinki.
Participants were recruited across multiple centres and all
centres obtained specific ethical approval from their local
ethics committees for this study.

Results
Anti-TIF1y autoantibody positive myositis

From the UK adult myositis cohort, 51 (5%) patients were anti-
TIF1y autoantibody positive, 88% White, 84% DM, 80% fe-
male, and median (IQR) age at onset 49.3 (37.5-62.7) years
(Supplementary Table S1A, available at Rbheumatology online).
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Nineteen of 51 (37.3%) of the anti-TIFly adult myositis negative on testing in the UK but low positive on testing in
patients had CAM, with seven cases of breast cancer, three the USA.

ovarian, two lymphoma, and single cases of bowel, hepatic, leu- . o

kaemia, lung, melanoma, myeloma and oesophageal cancer Cancer-associated myositis frequency

reported. From the UK JDM myositis cohort, 55 (14%) were Neither of the two adults with anti-Sp4 autoantibodies had

anti-TIF1y positive, 79% White, 58% Female, median age at CAM; however, we could not detect a significant association
onset (IQR) 6.9 (3.8-10.1) years (Supplementary Table S1B, between anti-Sp4 and cancer frequency due to the very low
available at Rbeumatology online). frequency of anti-Sp4 autoantibody positive patients

) . (Table 1). Two of eight of the anti-CCAR1 autoantibody pos-
Anti-Sp4 and anti-CCAR1 frequency itive adult myositis patients had cancer, which is similar to
Anti-Sp4 autoantibodies were detected in two (4%) anti- the rate of cancer in patients with anti-TIF1y alone (Table 1).

TIF1y autoantibody positive UK adults and no UK juveniles. o

Eight (16%) anti-CCAR1 autoantibody positive patients ~JDM clinical features

were detected in the anti-TIF1y positive adult myositis group, Earlier studies have reported increased rates of Raynaud’s,
two of which were also positive for anti-Sp4. Seven (13%) decreased rates of cutaneous ulceration, milder muscle weak-
anti-CCAR1 autoantibody positive patients were detected in ness and lower AST levels in JDM patients with anti-TIF1y-
the anti-TIF1y positive UK JDM cohort. No anti-Sp4 or anti- associated autoantibodies [11, 12]. In the UK JDM cohort,

CCART1 autoantibodies were detected in the 24 healthy con- there was a slight increased frequency of elevated AST levels
trols screened by ELISA. in individuals with anti-CCAR1; however, the difference was

The frequency of anti-Sp4 and anti-CCAR1 in our UK  not significant. No differences in Childhood Myositis
cohorts compared with previously published data is Assessment Scale, manual muscle testing 8, Raynaud’s or cu-
shown (Fig. 1). taneous ulceration were observed in the UK JDM individuals

Among 11 anti-TIFly positive US JDM patient samples  with or without anti-CCAR1. Full clinical data was available
available, anti-TIF1y positivity was confirmed identically to for 42 of the 55 anti-TIF1y positive UK JDM participants.
the UK samples. Sample aliquots from these patients had In US JDM patients with anti-Sp4/CCAR1 we observed
been independently analysed for anti-CCAR1 and anti-Sp4 in slightly higher rates of Raynaud’s, no cutaneous ulceration
the USA (anti-CCAR1 was tested by Sherman et al. [12] and and lower levels of AST compared with anti-TIF1y positive
anti-Sp4 by Sherman et al. [11]). For anti-Sp4 consistent US patients without anti-TIF1y-associated autoantibodies;
results were found in all 11 samples. For anti-CCART1 consis- however, the differences were not statistically significant due
tent results were found in 10 samples. The 11th sample was to the small number of anti-Sp4/CCAR1 positive individuals.

A Anti-Sp4 frequency B Anti-CCAR1 frequency
% % k% % %k k% *
—
100+ . . 100-
B Anti-Sp4 positive B Anti-CCAR1 positive
80- Anti-Sp4 negative 80- Anti-CCAR1 negative
60 60
% %
40- 40-
20 20
0- 0-
UK USA UK USA UK USA UK USA
Adult Myositis Juvenile DM Adult Myositis Juvenile DM

Figure 1. Anti-Sp4 and anti-CCAR1 frequency in anti-TIF1y positive UK adult and juvenile myositis cohorts compared with previously published data on
cohorts from the USA. (A) Percentage of anti-Sp4. (B) Percentage of anti-CCAR1. US results previously published. References for (A): adult myositis [8],
juvenile DM [11]. References for (B): adult myositis [10], juvenile DM [12]. Antibody frequency compared using Fisher's exact test, *P<0.05,

*#xkP <0.0001. CCART1: cell division cycle apoptosis regulator protein 1; DM: dermatomyositis; Sp4: specificity protein 4; TIF1y: transcriptional
intermediary factor 1y

Table 1. Cancer-associated myositis frequency in adult anti-TIF1y positive [IM patients with anti-CCAR1 and anti-Sp4 autoantibodies

Anti-Sp4 Anti-CCAR1
Negative Positive P-value Negative Positive P-value
CAM 39 (19/49) 0 (0/2) 0.5231 39 (17/43) 25 (2/8) 0.6936

frequency, % (n/N)

Fisher’s exact test used to compare values (GraphPad Prism 9.5.1). CAM: cancer-associated myositis; CCAR1: cell division cycle apoptosis regulator protein
1; IIM: idiopathic inflammatory myopathy; #: number; N: total number; Sp4: specificity protein 4; TIF1y: transcriptional intermediary factor 1y.
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Muscle strength/functional measures were not available for
the US JDM group.

Discussion

This is the first description of the prevalence of anti-Sp4 and
anti-CCAR1  autoantibodies in a non-US cohort.
Unexpectedly, we found the frequency of anti-Sp4 to be
much lower in UK myositis populations compared with data
published on US cohorts, 4% vs 43% in adults [8] and 0% vs
20% in children [11]. Anti-CCAR1 was also detected at a
lower frequency in UK adults compared with US cohorts,
16% vs 32% [10], anti-CCAR1 was found at a similar fre-
quency in UK JDM compared to US JDM, 13% vs 9% re-
spectively [12]. Myositis autoantibody prevalence is known
to differ between geographically disparate populations, but
previously European and US myositis populations have been
largely similar, in terms of both autoantibody prevalence and
associated clinical phenotypes. We were surprised therefore
to observe a much lower frequency of anti-Sp4 and anti-
CCART1 autoantibodies in UK adult anti-TIF1y positive myo-
sitis participants. UK anti-Sp4 positive individuals identified
do not have cancer; however, the UK anti-Sp4 positive sam-
ple size is very small and therefore no influence on cancer
was examined. Similarly, the prevalence of CAM was lower
in anti-TIF1y UK participants with anti-CCAR1 autoantibod-
ies than without these autoantibodies, but low numbers of
anti-CCAR1 identified mean that no significant association
between anti-CCAR1 autoantibodies and CAM frequency
can be confirmed.

The large differences in anti-Sp4 and anti-CCAR1 preva-
lence between UK and US cohorts are unlikely to be due to
inter-laboratory testing variability. To ensure inter-lab com-
parability we used the same ELISA protocol, developed by
Hosono et al. [8] and Fiorentino et al. [10], and the same re-
combinant Sp4 and CCAR1 proteins. Additionally, we used
the same criteria for defining anti-TIF1y positivity. A small
number of US JDM samples were tested in both UK and US
laboratory settings, with one discrepant result for anti-
CCARTI. This sample was defined as a low positive on testing
in the US lab but negative on testing in the UK. Unspecified
differences in testing in different settings could explain some
variability in the results but the prevalence of anti-CCAR1
was very similar between UK and US JDM cohorts and only
differed in adult patients.

It should be noted that a cut off of 5 SD above the mean of
24 healthy controls was set for the anti-Sp4 positivity in this
study and a cut off of 2 SD above the mean of 200 healthy
controls was set by Hosono et al. [8]. However, this differ-
ence in cut offs does not explain the discrepancy between the
US and UK cohorts; recalculating UK results with a 2 SD cut
off would result in three additional adult IIM anti-Sp4
‘positives’, two with CAM, and one healthy control anti-Sp4
‘positive’. We do not consider these true positive as they have
significantly lower normalized optical densities (OD) of
0.36-0.26 compared with the true positives classified by the
5 SD cut off of OD 2.70-1.56. Recalculating JDM results
with a 2 SD cut off would not result in any additional JDM
anti-Sp4 positives.

The reasons behind differing autoantibody prevalence be-
tween myositis populations is not well understood.
Conceivable explanations include different environmental
triggers or subtle differences in study recruitment, such as the

timing of sampling in the disease course. The groups tested
had similar demographic features and would be expected to
have similar genetic backgrounds [19]. Alternatively, the ap-
parent differences may be explained by epitope differences
between UK and US populations. Anti-Sp4 was identified us-
ing PhIP-Seq [8], and therefore only linear epitopes were
identified. Both ELISAs were performed using protein frag-
ments that may not include potential UK specific epitopes.

Due to the small numbers of anti-CCAR1 and anti-Sp4
autoantibodies identified, this study is underpowered to draw
firm conclusions on the influence of these autoantibodies on
cancer risk and other clinical features. Analysis of other myo-
sitis populations is needed to further our understanding of
the global prevalence of these autoantibodies and their role in
refining disease prognosis, particularly cancer risk.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

The data underlying this article will be shared on reasonable
request to the corresponding author.
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