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Abstract

Objective: The presence of anti-UT RNP antibodies (Abs) is critical for diagnosing MCTD. The aim of this study is to evaluate the clinical rele-
vance of anti-survival motor neuron (SMN) complex Abs, which often coexist with anti-U1 RNP Abs.

Methods: A total of 158 newly diagnosed consecutive cases of SLE, SSc or MCTD with anti-U1 RNP Abs were enrolled in this multicentre obser-
vational study between April 2014 and August 2022. Serum anti-SMN complex Abs were screened by immunoprecipitation of *°S-methionine-la-
belled cell extracts, and associations between anti-SMN complex Abs positivity and clinical characteristics were analysed.

Results: Anti-SMN complex Abs were detected in 36% of MCTD patients, which was significantly higher than that in SLE (8%) or SSc (12%).
Among MCTD patients classified based on the combination of the clinical features of SLE, SSc and idiopathic inflammatory myopathies, anti-
SMN complex Abs showed the highest prevalence in a subset with clinical features of all three components. Anti-SMN complex Abs—positive
MCTD had a higher prevalence of pulmonary arterial hypertension (PAH) and interstitial lung disease (ILD), which are related to poor prognosis,
than negative patients. Moreover, all three cases of death within 1year of the treatment were positive for anti-SMN complex Abs.

Conclusions: Anti-SMN complex Abs is the first biomarker of a typical subset of MCTD which bears organ damages such as PAH and ILD.

Keywords: mixed connective tissue disease, autoantibodies, SMN complex, pulmonary arterial hypertension

Rheumatology key messages

¢ Anti-SMIN complex Abs were detected in 36% of MCTD patients, which was higher than SLE and SSc who are positive for anti-U1 RNP
Abs.

* Anti-SMIN complex Abs were associated with typical MCTD that had clinical features of all three components of SLE, SSc and [IM.

¢ Anti-SMN complex Abs—positive MCTD patients had higher prevalence of PAH and ILD.

Introduction

In autoimmune diseases, detection of characteristic autoantibod- precision med¥c1.ne, Wthh aims to .Stfatlf}’ patients based on spe-
ies is clinically useful for diagnosis, prediction of organ involve- cific characteristics or biomarkers in order to optimize treatment
ment and prognosis, and identifying a subset of patients with outcomes [.1]- ) ‘ .

unique clinical features. Furthermore, the identification of spe- MCTD is an autoimmune disease characterized by overlap-

cific autoantibodies has the potential to contribute to the field of ~ PINg clinical features of SLE, SSc and idiopathic inflammatory
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myopathies (IIM) [2—4]. MCTD can be complicated by systemic
organ involvement, notably, pulmonary arterial hypertension
(PAH) and interstitial lung disease (ILD), which can affect mor-
bidity and mortality [5-9].

Positive anti-Ul RNP antibodies (Abs) is considered the
mandatory immunological manifestation in the classification/
diagnostic criteria of MCTD and essential for the diagnosis of
MCTD [10-12]. However, anti-Ul RNP Abs are also ob-
served in other diseases, such as SLE and SSc; thus, their spe-
cificity and positive predictive value for MCTD diagnosis are
not high [10]. Positive anti-U1 RNP Abs is associated with
PAH and ILD in SLE and other rheumatic diseases [13], how-
ever it cannot serve as a useful marker to predict complica-
tions in MCTD because all MCTD patients are positive. Early
identification of patients with a poor prognosis would be ben-
eficial, however currently, there is no available biomarker to
predict the presence of PAH or ILD and an unfavourable out-
come in MCTD.

Previous studies have reported the detection of anti-survival
of motor neuron (SMN) complex Abs in several patients with
IIM/SSc overlap syndrome [14, 15]. A case report also docu-
mented the coexistence of IIM with anti-SMN complex Abs
and anti-U1 RNP Abs [16]. Moreover, in our preliminary
study [17], it was found that around 25% of the cases positive
for anti-U1 RNP Abs also tested positive for anti-SMN com-
plex Abs. These findings suggested the potential of anti-SMN
complex Abs as a new marker in patients with MCTD. If
anti-SMN complex Abs serve as beneficial indicators for or-
gan manifestation and prognosis prediction, they will aid in
comprehending the aetiology of MCTD.

Here, a comprehensive screening of autoantibodies was
performed by immunoprecipitation of sera from patients with
autoimmune diseases. This study evaluated the clinical signifi-
cance of anti-SMN complex Abs in 158 consecutively hospi-
talized patients who were positive for anti-Ul RNP Abs,
encompassing those diagnosed with MCTD and those with
SLE or SSc¢ who were not diagnosed with MCTD.

Patients and methods
Patients

This multicentre (University of Occupational and Environmental
Health, Japan, Wakamatsu Hospital of the University of
Occupational and Environmental Health, Kitakyushu General
Hospital, Fukuoka Yutaka Central Hospital, and Tobata
General Hospital) observational study included 158 newly diag-
nosed and previously untreated consecutive cases with anti-U1
RNP Abs who consented to participate in the study between
April 2014 and August 2022. MCTD patients were diagnosed
based on the diagnostic criteria for MCTD 2004 issued by the
Japan research committee of the Ministry of Health, Labour
and Welfare (MHLW) for systemic autoimmune diseases (the
Kasukawa criteria) (Supplementary Table S1, available at
Rheumatology online) between April 2014 and December 2019,
and based on the revised diagnostic criteria for MCTD 2019 is-
sued by the Japan research committee of MHLW in Japan (here-
after, 2019 diagnostic criteria for MCTD) [18] for January 2020
onwards. All patients (7= 67) with MCTD in the present study
fulfilled the 2019 diagnostic criteria for MCTD, in which both
sensitivity (90.6%) and specificity (98.4%) were higher than
those of other previously published diagnostic criteria [18]. This
study also included the following anti-Ul RNP Abs-positive
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controls who were diagnosed during the same period: 74
patients with SLE who fulfilled the 2012 SLICC classification
criteria [19] and 17 patients with SS¢ who fulfilled the ACR/
EULAR 2013 classification criteria [20]. Patients who were diag-
nosed as overlap syndrome by having two or three of SLE, SSc
and IIM were excluded.

This study was approved by the ethics review board of the
University of Occupational and Environmental Health
(UMIN ID 000014293) based on a study on rheumatic CTD
with the objectives of performing quantitative evaluation us-
ing nailfold videocapillaroscopy (NVC), cell surface antigens,
autoantibodies and skin biopsy, and elucidating the pathol-
ogy (SCORPION study). A signed informed consent was
obtained from all subjects in accordance with the Declaration
of Helsinki and its subsequent modifications.

Clinical evaluation

In this study, disease duration was defined as time from the
first manifestation related to MCTD other than RP. The clini-
cal and laboratory parameters selected for evaluation were
mainly those included in the 2019 diagnostic criteria for
MCTD [18]. The occurrence of RP was listed as a common
manifestation. PAH and aseptic meningitis were included as
characteristic organ involvement. With regard to overlapping
manifestations, SLE-like manifestations included polyarthri-
tis, lymphadenopathy, facial erythema, pericarditis or pleuri-
tis, cytopenia (leukocytes <4000/uL or thrombocytes
<1.0 x 10%/pL). SSc-like manifestations included skin thicken-
ing (sclerodactyly and high modified Rodnan skin score >4
points) and interstitial lung disease (ILD). High-resolution CT
was used for assessment of ILD in all patients; ILD was
diagnosed based on the presence of interstitial opacities on
high-resolution CT images. [IM-like manifestations included
muscle weakness (Manual Muscle Testing <4 out of 5), high
serum levels of creatine kinase (>248 U/l) and myogenic ab-
normalities on the electromyogram. The other parameters in-
cluded fever (>37.5°C), dyspnoea, nephritis, high levels of
CRP (>0.3 mg/dl), elevated ESR (>15 mm/h) and hypergam-
maglobulinemia (IgG >1700 mg/dl), and hypocomplemente-
mia (CHS50 <30 U/ml). The NVC scleroderma patterns were
defined based on the ‘Fast Track algorithm’ and the standard-
ized description of capillaroscopic characteristics, proposed
by the EULAR study group on microcirculation in rheumatic
diseases [21-23]. According to the proposals of the 6th
World Symposium on Pulmonary Hypertension and 2022
ESC/ERS guidelines for the diagnosis and treatment of pulmo-
nary hypertension [24, 25], PAH was diagnosed based on the
mean pulmonary artery pressure of >20 mmHg, pulmonary
capillary wedge pressure of <15 mmHg and pulmonary vas-
cular resistance >2 wood units, as measured by right heart
catheterization. Antibodies to Ro52/TRIM21 (tripartite
motif-containing 21) were tested by ELISA, as previously de-
scribed [26], while the measurement of other autoantibodies
was performed at the hospital laboratory.

Detection of anti-SMN complex antibodies

Autoantibodies in sera were also screened by immunoprecipi-
tation using >°S-methionine/cysteine-labelled K562 cell
extracts [27]. Samples were analysed on 13% and 8% acryl-
amide gels to fractionate components of snRNPs and SMN
complex [28, 29] and other proteins. Specificity of the autoan-
tibodies was determined using previously described reference
sera. The presence of Abs to SMN complex was defined by
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the presence of SMN and Gemin 3 and 4 proteins as previ-
ously described [28]. Gemin 5 was also detected by some, but
not all, sera that immunoprecipitated SMN, Gemin 3 and
Gemin 4. Thus, Gemin 5 was not included to define the pres-
ence of anti-SMN complex Abs.

Supplementary Fig. S1 (available at Rbheumatology online)
shows the representative immunoprecipitation using sera
from nine patients with MCTD. From the left, the immuno-
precipitation patterns of anti-SMN mouse mAbs and human
serum with monospecific anti-SMN complex Abs. Lanes 1-9
are sera from patients with MCTD and normal human serum.
All sera from patients with MCTD showed strong immuno-
precipitation of all components of U1 RNP, from U1-70k to
G proteins. In addition, sera in Lanes 1-6 demonstrated
strong immunoprecipitation of components of the SMN com-
plex, SMN, Gemin 3 and 4, and were considered positive for
anti-SMN complex Abs; further, in some cases Gemin 5 also
was immunoprecipitated. In contrast, sera in Lanes 7-9
showed immunoprecipitation of Ul RNP, but not the SMN
complex.

Clinical outcome
Clinical outcome for 60 patients with MCTD were analysed
after 1year of the intervention, excluding patients who were
not followed-up for 1year or were transferred to other hospi-
tals (n=7). The cause of death was determined by reviewing
the medical records.

Statistical analysis

Data are expressed as median (interquartile range) or number
(%). Differences among groups were compared using Mann—
Whitney U test, #-test, Fisher’s exact test. Univariate analysis
and logistic regression analysis were used to identify indepen-
dent factors associated with PAH and ILD. For survival
analysis (clinical outcome), P-values were determined using a
Log-rank test. All reported P-values are two-sided and are not
adjusted for multiple testing. The level of significance was set
at P<0.05. All analyses were conducted using JMP version
11.0 software (SAS Institute Inc., Cary, NC, USA).

Results

Basic clinical characteristics

In total, 67 patients with MCTD, 74 patients with anti-U1
RNP Abs-positive SLE and 17 patients with anti-U1 RNP
Abs—positive SSc participated in this study (Supplementary
Table S2, available at Rbeumatology online). All patients in
this study were newly diagnosed cases and had not received
treatment with glucocorticoid (GC) or immunosuppressants.
The mean age of the patients with MCTD was 49.6 years and
most of them were women (91%). The median duration of
disease was 0.7years. All patients had RP; 24% of the
patients had PAH, 49% had cytopenia, 61% had ILD and
13% had muscle weakness. When the disease types were clas-
sified based on the combination of manifestations, the SLE-
like + SSc-like type was the most common (64%), followed
by the SLE-like + SSc-like + [IM-like type (25%).

Compared with patients with SLE, patients with MCTD
were more likely to have RP and less likely to have facial ery-
thema, cytopenia, nephritis and hypocomplementemia.
Compared with patients with SSc, patients with MCTD were
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more likely to have fever or hypergammaglobulinemia, with
no difference in the prevalence of RP.

Prevalence of anti-SMN complex antibodies in
MCTD

The prevalence of anti-SMN complex Abs in patients with
MCTD was 36% (24/67 patients; Fig. 1A and Supplementary
Table S3, available at Rheumatology online). This was signifi-
cantly higher than those in patients with SLE (8%, 6/74) and
SSc (12%, 2/17; P<0.001 and P=0.078, respectively). The
prevalences of other autoantibodies were as follows: anti-U1
RNP Abs were detected in all patients with MCTD and high lev-
els (>550 U/ml) were recorded in 88% of MCTD patients,
which is significantly higher than those in SLE and SSc patients
(43% and 41%, respectively, P < 0.001). SLE-specific autoanti-
bodies, anti-Sm Abs (MCTD: 19%, SLE: 61%) and anti-ds
DNA Abs (MCTD: 2%, SLE: 57%), were more prevalent in
patients with SLE, and SSc-specific autoantibodies, anti-
centromere Abs (MCTD: 6%, SSc: 24%) and anti-Scl-70 Abs
(MCTD: 0%, SSc: 12%), were more prevalent in patients with
SSc. When encountering patients positive for anti-Sm Abs, cau-
tion should be exercised in making a diagnosis of MCTD. In
this study, among the MCTD cases (= 13) positive for anti-Sm
Abs, more than half had antibodies levels below 25 U/ml, with a
median (interquartile range) of 22.7 (13.1-64.0). In contrast,
more than half of the lupus patients (#=45) had anti-Sm anti-
bodies levels exceeding 120 U/ml.

Furthermore, when disease types were classified based on
the combination of overlapping manifestations, more than
half (54%) of the anti-SMN complex Abs—positive patients
had clinical features of all three components of SLE-, SSc- and
IIM-like. Conversely, the proportion of patients exhibiting all
three components was low among those without anti-SMN
complex Abs (9%). In contrast, the proportion of patients
with all three components was not correlated with the titre of
anti-U1 RNP Abs (Fig. 1B).

Association between anti-SMN complex antibodies
and clinical/laboratory findings in patients with
MCTD

The clinical significance of anti-SMN complex Abs was then
examined. The clinical characteristics of anti-SMN Abs—posi-
tive (n=23) and —negative (n=44) patients are summarized
in Fig. 2 and Supplementary Table S2, available at
Rheumatology online. Anti-SMN complex Abs—positive
patients were characterized by a higher prevalence of PAH
(57% vs 7%, P <0.001, odds ratio 17.8), scleroderma pat-
tern in nailfold videocapillaroscopy (71% vs 26%, P < 0.001,
odds ratio 7.3) and ILD (87% vs 46%, P =0.001, odds ratio
8.0). Patients positive for anti-SMN complex Abs had a
higher prevalence of either PAH or ILD (96%, 23/24) com-
pared with patients with high levels of anti-U1 RNP Abs posi-
tive (61%, 36/59) (Fig. 3).

To identify independent factors associated with PAH and
ILD, we conducted univariate and multivariate analyses using
various laboratory parameters such as CRP, ESR, IgG, CHS50,
anti-Ul RNP Abs (high level positive), anti-Sm Abs, anti-SS-A
Abs, anti-SS-B Abs, anti-Ro52 Abs and anti-SMN complex Abs.
In the univariate analysis, we found significant associations be-
tween PAH and the presence of anti-SS-A Abs (P < 0.001), anti-
SS-B Abs (P=10.002) and anti-SMN complex Abs (P < 0.001).
Logistic regression analysis further confirmed that anti-SMN
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Figure 1. Prevalence of anti-SMN complex Abs in each disease and overlapping manifestations in MCTD patients with anti-SMN complex Abs. (A) The
prevalence of anti-SMN complex Abs, anti-Sm Abs, anti-ds DNA Abs, anti-centromere Abs, anti-Ro60 Abs and anti-Ro52 Abs in patients with MCTD, SLE
and SSc is shown. (B) The relationship between anti-SMN complex Abs and the overlapping manifestations is depicted in the Venn diagram. P-values are
for MCTD vs SLE and SSc, as determined by Fisher’s exact test. *P< 0.05, **P<0.01 and ***P < 0.001. SMN: survival of motor neuron; Abs:

antibodies; IIM: idiopathic inflammatory myopathies

complex Abs exhibited the strongest independent association
with PAH (P=0.005). Regarding ILD, univariate analysis
revealed significant differences in elevated ESR (P=0.043) and
positivity of anti-SMN complex Abs (P < 0.001). Subsequent
multivariate analysis identified anti-SMN complex Abs positivity
as the most relevant factor for ILD (P = 0.004).

With regard to the relationship with other autoantibodies,
anti-SMN complex Abs—positive patients showed a significantly
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higher prevalence of anti-SS-A/Ro60 Abs (70% vs 36%,
P=0.01).

Clinical outcome in patients with MCTD with anti-
SMN complex antibodies

Finally, the clinical outcome of MCTD patients (7= 60) who
were followed for at least 1year by August 2022 was
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Figure 2. Anti-SMN complex Abs (anti-SMN) and clinical/laboratory findings in patients with MCTD. P-values were determined using Fisher's exact test, t-
test or Mann-Whitney test. Values highlighted in bold indicate statistical significance (P < 0.05). SMN: survival of motor neuron; Abs: antibodies; TR-PG:

tricuspid regurgitation pressure gradient; CK: creatine kinase

compared according to anti-SMN complex Abs status
(Fig. 4). In terms of initial treatment, the percentage of
patients receiving high-dose GC therapy in anti-SMN com-
plex Abs— positive patients was higher than that in negative
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patients (73% wvs 34%, P=0.007; Fig. 4A). Regarding the
probability of survival, all anti-SMN complex Abs—negative
patients were alive, whereas three anti-SMN complex Abs—
positive patients died, resulting in a lower survival rate among
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Figure 3. Relationship between anti-SMN complex Abs and PAH/ILD in patients with MCTD. Red dots represent cases that meet the criteria for PAH,
while violet dots indicate cases of ‘PH associated with ILD’, which includes cases with a pulmonary function test showing %FVC <70%. SMN: survival
motor neuron; Abs: antibodies; PAH: pulmonary arterial hypertension; ILD: Interstitial lung disease; FVC: forced vital capacity

Figure 4. Comparison of initial treatment and survival probability in MCTD
patients with and without anti-SMN complex antibodies. (A) The
comparison of the percentage of patients receiving high-dose GC therapy
as initial treatment is shown for both anti-U1 RNP Abs high-level and low-
level patients, as well as for anti-SMN complex Abs—positive and -
negative patients. (B) Kaplan—Meier analysis reveals differences in
survival probabilities between MCTD patients with and without anti-SMN
complex Abs. P-values were determined using a Log-rank test. SMN:
survival of motor neuron; Abs: antibodies; GC: glucocorticoid
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anti-SMN complex Abs—positive patients (86% wvs 100%,
P=0.014, Fig. 4B). The cause of death was exacerbation of
PAH or heart failure in two patients and severe infection asso-
ciated with immunosuppressive therapy in one patient.

Discussion

Anti-U1 RNP Abs positivity is essential for the diagnosis of
MCTD, however its presence does not necessarily indicate or-
gan involvement in the disease. In the present study, we per-
formed comprehensive analysis of autoantibodies in sera from
patients with newly diagnosed MCTD. Our results revealed
the three major clinical significances of anti-SMN complex
Abs in patients with MCTD as follows.

First, the prevalence of anti-SMN complex Abs in patients
with MCTD was higher than that in anti-U1 RNP Abs—posi-
tive patients with SLE or SSc. The presence of anti-SMN com-
plex Abs in patients with anti-U1 RNP Abs might be a helpful
marker to diagnose MCTD.

Second, anti-SMN complex Abs—positive MCTD patients
had a higher prevalence of a subset with clinical features of all
three diseases (SLE, SSc and IIMs) which we named ‘typical’
MCTD.

Finally, anti-SMN complex Abs—positive MCTD patients
had higher prevalences of PAH and ILD and had poorer prog-
nosis than anti-SMN complex Abs-negative patients. This
study suggests that the presence of anti-SMN complex Abs
might be a novel biomarker for severe PAH and ILD in
MCTD. These findings are summarized in the graphical ab-
stract, which represents MCTD cases with positive anti-SMN
complex Abs (Fig. 5).

Previous data on autoantibodies other than anti-U1 RNP
Abs in MCTD are limited. In the Norwegian nationwide co-
hort, anti-Ro52 Abs were associated with ILD activity in
patients with MCTD [9, 30]. In the present study, comprehen-
sive analysis using immunoprecipitation and ELISA demon-
strated that anti-SMN complex Abs positivity was more
important in the MCTD disease entity than the presence of
high levels of anti-U1 RNP Abs or anti-Ro52 Abs.

The ANA pattern can be helpful in clinical practice for identi-
fying the presence of specific antibodies. Immunofluorescence
staining pattern of anti-SMN complex antibodies is Cajal body
staining (AC-7, few nuclear dots) [14]. However, identifying
Cajal body staining in the presence of strong coarse speckled
pattern by anti-U1 RNP Abs will be very difficult. The establish-
ment of a simpler ELISA-based quantification method is
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Figure 5. The graphical abstract of this study. SMN: survival motor neuron; Abs: antibodies; PAH: pulmonary arterial hypertension; ILD: Interstitial lung

disease; NVC: nailfold video capillaroscopy; SD: scleroderma

anticipated to facilitate the detection and quantification of anti-
SMN complex Abs.

Our study has several limitations. In eukaryotic cells, the
SMN complex plays a key role in the assembly of snRNPs
(U1 RNP, Sm) [14, 31]. However, the biologic significance of
the SMN complex (SMN + Gemin 2-7) in the pathogenesis
of MCTD remains unknown. Next, anti-SMN complex Abs
can only be identified by immunoprecipitation, hence it was
unfeasible to measure the titre of anti-SMN complex Abs.
Finally, anti-SMN complex Abs could highlight a group of
special clinical interest but further investigations are needed
to prove clinical significance considering therapeutic choices
and outcomes.

Despite these limitations, this is the first report to examine
the clinical significance of anti-SMN complex Abs in patients
with MCTD. The present study suggests that anti-SMN com-
plex Abs may be a novel biomarker to diagnose ‘typical’
MCTD which bears organ damages such as PAH and ILD,
which are related to poor prognosis. In addition, detection of
anti-SMN complex Abs might be helpful in disease subgroup-
ing and precision medicine in patient with MCTD.

Supplementary material

Supplementary material is available at Rheumatology online.
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