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ABSTRACT
Objectives  The survival of motor neuron (SMN) complex 
has an essential role in the assembly of small nuclear 
ribonucleoproteins (RNP). Recent reports have described 
autoantibodies (aAbs) to the SMN complex as novel 
biomarkers in anti-U1RNP+ myositis patients. The aim of 
this study was to compare phenotypic features of anti-
U1RNP+ mixed connective tissue disease (MCTD) patients 
with and without anti-SMN aAbs.
Methods  A retrospective MCTD cohort was studied. 
Addressable laser bead immunoassay was used to detect 
specific anti-SMN aAbs with <300 mean fluorescence 
intensity (MFI) as normal reference range, 300–999 
MFI as low-titre and ≥1000 MFI as high-titre positivity. 
Comparison of clinical features between anti-SMN+ and 
anti-SMN− subgroups used two-tailed Fisher’s exact test, 
and logistic regression analyses.
Results  Sixty-six patients were included. Median age 
at MCTD diagnosis was 40.6 years, and duration of 
follow-up was 12 years. Based on the highest available 
titre, 39 (59%) were anti-SMN+: 10 (26%) had low titre 
and 29 (74%) had high titre. Anti-SMN+ patients had a 
higher frequency of fingertip pitting scars (anti-SMN+ 
23% vs anti-SMN− 4%, p=0.04), lower gastrointestinal 
(GI) involvement (26% vs 4%, p=0.04), and myocarditis 
(16% vs 0%, p=0.04). The combined outcome of pitting 
scars and/or lower GI involvement and/or myositis and/
or myocarditis was highest among high-titre anti-SMN+ 
patients: adjusted OR 7.79 (2.33 to 30.45, p=0.002).
Conclusions  Anti-SMN aAbs were present in 59% of our 
MCTD cohort. Their presence, especially at high-titres, was 
associated with a severe systemic sclerosis (scleroderma) 
phenotype including myositis, myocarditis and lower GI 
involvement.

INTRODUCTION
The ubiquitous survival of motor neuron 
(SMN) is part of a complex located in the 
Cajal body of mammalian cell nuclei with 
an essential role in the assembly of small 

nuclear ribonucleoproteins (RNP)1. Previous 
studies have shown that deficient expression 
of SMN protein is associated with the patho-
genesis of spinal muscular atrophy, a genetic 
neuromuscular disease2. Recent reports have 
described autoantibodies (aAbs) to the SMN 
complex as novel biomarkers in patients 
with systemic sclerosis (SSc) and myositis3 4. 
Anti-SMN aAbs positivity detected by address-
able laser bead immunoassays (ALBIA) was 
confirmed by immunoprecipitation (IP)1 4. 
A study conducted on scurfy mice reported 
the development of mixed connective tissue 
disease (MCTD) features, including myositis, 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Autoantibodies (aAbs) are diagnostic biomarkers 
in systemic autoimmune diseases that also define 
phenotypic subsets with distinct patterns of organ 
involvement.

	⇒ Detection of coexisting aAbs helps define additional 
phenotypic differences.

WHAT THIS STUDY ADDS
	⇒ Anti-survival of motor neuron (anti-SMN) aAbs are 
frequent in the sera of anti-U1RNP+ mixed connec-
tive tissue disease (MCTD) patients.

	⇒ Anti-SMN aAbs, especially at high-titre, are as-
sociated with specific systemic sclerosis (SSc, 
scleroderma) organ involvement in MCTD, namely 
fingertip pitting scars, myositis, myocarditis and 
lower gastrointestinal involvement.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Detection of anti-SMN aAbs in MCTD patients may 
allow earlier recognition of SSc manifestations 
and guide clinicians in screening for target organ 
involvement.
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with significantly increased levels of anti-SMN along with 
anti-U1RNP aAbs in the absence of regulatory T cells5. 
To our knowledge, no previous studies have reported the 
clinical significance of anti-SMN aAbs in anti-U1RNP+ 
MCTD patients. The aim of this study was therefore 
to evaluate the prevalence of anti-SMN aAbs in MCTD 
patients, and to compare phenotypic features in patients 
with and without anti-SMN aAbs.

METHODS
Patients
Anti-U1RNP+ MCTD patients were from a previous clin-
ically and serologically described retrospective cohort 
from the Centre hospitalier de l’Université de Montréal 
(CHUM)4 6 7. Patients fulfilling ≥1 MCTD classification of 
Alarcón-Segovia (AS), Kasukawa (Ka), Kahn (Kn)8 and/
or Tanaka (Ta)9 were included.

Study variables
A retrospective medical record review using a stand-
ardised protocol was performed to collect clinical data, 
laboratory and imaging investigations as described previ-
ously in detail4 6 7. Oesophageal dysmotility was defined 
by either manometry or evidence on chest CT scan of 
lower oesophageal dilation. Pulmonary arterial hyper-
tension was defined as systolic pulmonary arterial pres-
sure (PAP) ≥35 mmHg on transthoracic echocardiogram 
(TTE) or mean PAP ≥25 mmHg on right heart cathe-
terisation. Interstitial lung disease was defined on chest 
CT scan. Abnormal SSc-type capillaroscopy was defined 
as previously published10. Myositis was defined as prox-
imal (deltoid and/or psoas) muscle weakness on manual 
muscle testing in association with at least two of the 
following: (a) elevated serum creatine kinase levels and/
or (b) abnormal electromyogram and/or (c) abnormal 
muscle biopsy on chart review. Dermatomyositis was 
defined as a myositis associated with a dermatomyositis 
skin rash on chart review. Myocarditis was defined by 
signs and symptoms, laboratory findings and/or cardiac 
imaging on chart review.

Clinical features were assessed for the presence of the 
American College of Rheumatology (ACR)/(EULAR) 
and non-ACR/EULAR features of SSc11, systemic lupus 
erythematosus (SLE)12 and Sjögren syndrome (SS)13.

Serology
Indirect immunofluorescence used HEp-2 cells as a 
screen for antinuclear aAbs with a positivity threshold 
value of ≥1:320. An extractable nuclear antigen panel was 
used to detect aAbs to U1RNP. ALBIA using a full-length 
recombinant human SMN protein (Enzo Biochem, Farm-
ingdale, New York, USA), as previously described and 
validated by protein A-assisted IP4 (online supplemental 
figure 1), was used to detect specific anti-SMN aAbs. The 
normal reference range was established as <300 mean 
fluorescence intensity (MFI), 300–999 MFI as low-titre 
and ≥1000 MFI as high-titre positivity.

Statistical analysis
Frequency comparisons among anti-SMN+ and 
anti-SMN− subgroups used two-tailed Fisher’s exact test. 
Logistic regression analyses (univariable and multivari-
able adjusted for sex, age at diagnosis and disease dura-
tion) with 95% CIs were performed on outcomes of 
interest. P-value of 0.05 or lower was considered statisti-
cally significant.

RESULTS
59% of anti-U1RNP+ MCTD patients coexpress anti-SMN aAbs
Sixty-six patients were included and the various MCTD 
criteria were respectively fulfilled in 86% (AS), 73% (Ka), 
97% (Kn) and 98% (Ta) of patients (figure 1, table 1). 
Fifty-eight of the 66 (88%) patients were female and 
median age at MCTD diagnosis was 40.6 years (range 
10.7–70 years). Thirty-nine of 66 (59%) patients were 
positive for anti-SMN aAbs: 10 (26%) had low-titre and 
29 (74%) had high-titre anti-SMN, based on highest avail-
able titre during follow-up, with a median value of 3584 
MFI (range 320–15 397 MFI) (figure 1). Follow-up dura-
tion since diagnosis was similar between anti-SMN+ and 
anti-SMN− patients (mean 10.2 vs 13.9 years, p=0.54).

Anti-SMN aAbs in MCTD are associated with a severe 
systemic sclerosis phenotype
The presence of anti-SMN aAbs in MCTD patients was 
associated with a higher frequency of fingertip pitting 
scars (anti-SMN+ 23% vs anti-SMN− 4%, p=0.04) and small 
intestinal bacterial overgrowth (26% vs 4%, p=0.02). The 
risk of having lower gastrointestinal (GI) involvement 
(defined as pneumatosis and/or pseudo-obstruction 
and/or small intestinal bacterial overgrowth) was higher 
among anti-SMN+ patients (26% vs 4%, p=0.04) with an 
adjusted OR of 10.16 (95% CI 1.63 to 205.89, p=0.04) on 
multivariable logistic regression (adjusted for age at diag-
nosis, sex and disease duration at diagnosis). No differ-
ences were found for other SSc features (table 1).

The risk of having myositis was numerically higher 
among anti-SMN+ patients (14/38, 37%) compared to 
anti-SMN− patients (4/27, 15%), with an adjusted OR 
of 3.57 (95% CI 1.00 to 15.49, p=0.06). Myocarditis was 
found in 16% (6/38) of anti-SMN+ patients but in none 
(0/27) of the patients without anti-SMN aAbs (p=0.04). 
For the combined outcome of lower GI involvement and/
or myositis and/or myocarditis, this combination was 
significantly more frequent among anti-SMN+ patients 
(21/38, 55%) compared to anti-SMN− patients (5/27, 
19%), with an adjusted OR of 6.23 (95% CI 1.86 to 25.41, 
p=0.005) (online supplemental figure 1).

High-titre anti-SMN aAbs are associated with an increased 
risk of severe systemic sclerosis phenotype
High-titre anti-SMN aAbs were more frequently associ-
ated with skin thickening proximal to MCP joints (31% vs 
7%, p=0.04), fingertip pitting scars (24% vs 4%, p=0.05), 
small intestinal bacterial overgrowth (28% vs 4%, p=0.03) 
and myocarditis (21% vs 0%, p=0.02) than patients with 
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low-titre anti-SMN aAbs (table 2). On multivariable logistic 
regression, the risk of having lower GI involvement was 
highest among those with high-titre anti-SMN (low-titre 
adjusted OR 5.98 (95% CI 0.45 to 152.28), p=0.19; high-
titre adjusted OR 11.99 (95% CI 1.82 to 248.08), p=0.03). 
The risk of having myositis was also highest among 
patients with high-titre anti-SMN (low-titre adjusted OR 
2.02 (95% CI 0.27 to 13.91), p=0.47; high-titre adjusted 
OR 4.30 (95% CI 1.11 to 19.86), p=0.04). The combined 
outcome of pitting scars and/or lower GI involvement 
and/or myositis and/or myocarditis was highest among 
those with high-titre anti-SMN: adjusted OR 7.79 (95% CI 
2.33 to 30.45, p=0.002).

Anti-SMN aAbs are not associated with distinct SLE or SS 
features
No significant differences regarding SLE and SS features 
between anti-SMN+ and anti-SMN− MCTD patients were 
noted (online supplemental table 1). With a median 

follow-up duration of 12 years, 71%, 82% and 12% of 
patients fulfilled the ACR/EULAR criteria for SSc, SLE 
and SS, respectively.

DISCUSSION
Anti-SMN aAbs were found in an important proportion 
of our anti-U1RNP+ MCTD cohort (59%). Their pres-
ence, especially at high titre, was associated with a higher 
risk of having myositis and several SSc features, notably 
myocarditis and lower GI involvement.

MCTD is a systemic autoimmune disease character-
ised by the presence of high-titre anti-U1RNP aAbs in 
combination with Raynaud’s phenomenon and clinical 
features of SSc, SLE, arthritis and/or myositis9 14. aAbs 
encountered in patients with autoimmune diseases are 
useful biomarkers to help or predict diagnosis, clinical 
phenotype, prognosis and treatment decision-making15. 

Figure 1  Flowchart. MCTD: mixed connective tissue disease; RNP: ribonucleoprotein; SMN: survival of motor neuron.
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Table 1  Cumulative features of SSc and myositis in anti-SMN+ compared to anti-SMN− MCTD patients

All patients
(n=66)

MCTD anti-
SMN+
(n=39)

MCTD anti-
SMN−
(n=27)

Female sex, n (%) 58 (88) 36 (92) 22 (81)

Race, n (%)

 � White 59 (89) 37 (95) 22 (81)

 � Black 4 (6) 2 (5) 2 (8)

 � Other 3 (5) 0 (0) 3 (11)

Age at diagnosis, median (range), years 40.6 (10.7–70) 39.2 (10.7–70) 42.1 (21.3–61.4)

Duration of follow-up, median (range), years 12 (0–42.4) 10.2 (0–42.4) 13.9 (0–39.8)

Speckled ANA ≥1:1280, n (%) 66 (100) 39 (100) 27 (100)

Median anti-SMN value (range), MFI 451 (40–15397) 3584 (320–15397) 98 (40–281)

MCTD classification, n (%)

 � Alarcón-Segovia criteria 57 (86) 34 (87) 23 (85)

 � Kahn criteria 48 (73) 29 (74) 19 (70)

 � Kasukawa criteria 64 (97) 39 (100) 25 (93)

 � Tanaka criteria 65 (98) 39 (100) 26 (96)

Definite SSc†, n (%) 47 (71) 30 (77) 17 (63)

Definite SLE‡, n (%) 54 (82) 31 (79) 23 (85)

Definite SS§, n (%) 8 (12) 5 (13) 3 (11)

SSc features, n (%)

 � Sine scleroderma 17 (26) 9 (23) 8 (30)

 � Skin thickening proximal to MCP 11 (17) 9 (23) 2 (7)

 � Sclerodactyly distal to MCP, proximal to PIP 49 (74) 30 (77) 19 (70)

 � Raynaud’s phenomenon 65 (98) 38 (97) 27 (100)

 � Abnormal nailfold capillaroscopy 34/46 (74) 23/28 (82) 11/18 (61)

 � Puffy fingers 43/64 (67) 26/37 (70) 17 (63)

 � Digital tip ulcers 21 (32) 15 (38) 6 (22)

 � Fingertip pitting scars 10 (15) 9 (23)* 1 (4)*

 � Telangiectasias 43 (65) 25 (64) 18 (67)

 � Calcinosis 17 (26) 10 (26) 7 (26)

 � Pulmonary arterial hypertension¶ 17/51 (33) 12/29 (41) 5/22 (23)

 � Interstitial lung disease†† 22/56 (39) 11/30 (37) 11/26 (42)

 � DLCO <70% 33/50 (66) 21/28 (75) 12/22 (55)

 � Oesophageal dysmotility 38/63 (60) 24/37 (65) 14/26 (54)

 � GERD/Dyspepsia 54/60 (90) 33/34 (97) 21/26 (81)

 � Pneumatosis 3 (5) 3 (8) 0 (0)

 � Pseudo-obstruction 6 (9) 5 (13) 1 (4)

 � Small intestinal bacterial overgrowth 11 (17) 10 (26)** 1 (4)**

 � Scleroderma renal crisis 1 (2) 1 (3) 0 (0)

Inflammatory myositis features, n (%)

 � Myositis diagnosis 18/65 (28) 14/38 (37) 4 (15)

 � DM diagnosis 3/65 (5) 1/38 (3) 2 (7)

 � Myocarditis 6/65 (9) 6/38 (16)*** 0 (0)***

 � Elevated serum CK levels (CK >170 UI/L) 24/65 (37) 16/38 (42) 8 (30)

 � Median CK level, if CK >170 UI/L (range) 938 (185–6000) 500 (185–6000) 1152.5 (190–2980)

Continued
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Coexpression of aAbs can lead to additive clinical mani-
festations, and define phenotypic differences15.

This is the first study assessing the clinical significance 
of anti-SMN aAbs in an anti-U1RNP+ MCTD population. 
We previously reported anti-SMN aAbs in SSc patients 
with features of myositis without anti-U1RNP aAbs4. In 
these patients, anti-SMN aAbs were associated with calci-
nosis, trigeminal neuropathy and lower GI involvement. 
In addition, a case report of high-titre anti-SMN aAbs 
in a patient who had severe muscle disease and cardiac 
necrosis that died in intensive care due to severe cardio-
pulmonary failure supports the current evidence that 
these aAbs are associated with a severe disease pheno-
type3. Thus, the present study and our previous data 
suggest that anti-SMN aAbs are associated with SSc and, 
in MCTD, are predictive of a more severe disease pheno-
type4 16.

Interestingly, since 25% of our anti-U1RNP+ MCTD 
patients with anti-SMN aAbs presented sine sclero-
derma, early identification of anti-SMN aAbs in MCTD 
patients may thus serve as a useful diagnostic and prog-
nostic tool to guide clinicians to screen for specific SSc 
features, especially lower GI involvement, myositis and 
myocarditis at follow-up. Since myocarditis and lower 
GI involvement increase morbidity and mortality in SSc 
patients17–19, anti-SMN aAbs may therefore identify a 
subset of MCTD patients with a poorer prognosis with 
important implications for clinical management and 
therapeutic strategies.

Limitations of this study include its retrospective 
nature, the small number of patients and the current 
limited availability of tests for detection of anti-SMN 
aAbs in routine clinical practice. Nonetheless, we studied 
a cohort of well-defined MCTD patients with a long 
follow-up duration and provide novel results that may 
lead to important changes in clinical care for MCTD 
patients.

CONCLUSION
Anti-SMN aAbs were detected in 59% of patients in a 
criteria-defined MCTD cohort. Their presence, espe-
cially with high titres, was associated with an increased 
frequency of severe SSc features including myocarditis 
and lower GI involvement. Early detection of anti-SMN 
aAbs may be useful in defining prognosis in MCTD 
patients and guiding clinicians in screening for target 
organ involvement.
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All patients
(n=66)

MCTD anti-
SMN+
(n=39)

MCTD anti-
SMN−
(n=27)

Bold values are statistically significant variables.
*p-value 0.04.
**p-value 0.02.
***p-value 0.04.
†Definite SSc criteria: score of ≥9 (ACR/EULAR 2013)11.
‡Definite SS criteria: score of ≥4 (ACR/EULAR 2016)13.
§Definite SLE criteria: score of ≥10 (American College of Rheumatology (ACR)/EULAR 2019)12.
¶Pulmonary arterial hypertension defined as systolic pulmonary arterial pressure (PAP) ≥35 mm Hg on transthoracic 
echocardiogram or mean PAP ≥25 mm Hg on right heart catheterisation.
††Interstitial lung disease based on thoracic CT scan.
ANA, antinuclear autoantibodies; CK, creatine kinase; DLCO, diffusing lung capacity for carbon monoxide; DM, 
dermatomyositis; GERD, gastro-oesophageal reflux disease; MCP, metacarpophalangeal; MCTD, mixed connective tissue 
disease; PIP, proximal interphalangeal; RNP, ribonucleoprotein; SLE, systematic lupus erythematosus; SMN, survival of motor 
neuron; SS, Sjögren syndrome; SSc, systemic sclerosis.

Table 1  Continued
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Table 2  Cumulative features of SSc and myositis in high-titre anti-SMN+ compared to anti-SMN− MCTD patients

All patients
(n=66)

MCTD anti-
SMN+ high titre
(n=29)

MCTD anti-
SMN−
(n=27)

Female sex, n (%) 58 (88) 27 (93) 22 (81)

Race, n (%)

 � White 59 (89) 27 (93) 22 (81)

 � Black 4 (6) 2 (7) 2 (7)

 � Other 3 (5) 0 (0) 3 (11)

Smoker, n (%) 30/60 (50) 15/25 (60) 13/26 (50)

Age at diagnosis, median (range), years 40.6 (10.7–70) 39.5 (14.4–70) 42.1 (21.3–61.4)

Duration of follow-up, median (range), years 12 (0–42.4) 10.2 (0–42.4) 13.9 (0–39.8)

Speckled ANA ≥1:1280, n (%) 66 (100) 29 (100) 27 (100)

Median anti-SMN value (range), MFI 451 (40–15397) 7727 (1143–15397) 98 (40–281)

Positive anti-Sm antibody 13/62 (21) 7/26 (27) 2 (7)

Positive anti-dsDNA antibody 19/65 (29) 7 (24) 9/26 (35)

MCTD classification, n (%)

 � Alarcón-Segovia criteria 57 (86) 26 (90) 23 (85)

 � Kahn criteria 48 (73) 23 (79) 19 (70)

 � Kasukawa criteria 64 (97) 29 (100) 25 (93)

 � Tanaka criteria 65 (98) 29 (100) 26 (96)

Definite SSc†, n (%) 47 (71) 22 (76) 17 (63)

Definite SLE‡, n (%) 54 (82) 23 (79) 23 (85)

Definite SS§, n (%) 8 (12) 5 (17) 3 (11)

SSc features, n (%)

 � Sine scleroderma 17 (26) 5 (17) 8 (30)

 � Skin thickening proximal to MCP 11 (17) 9 (31)* 2 (7)*

 � Sclerodactyly distal to MCP, proximal to PIP 49 (74) 24 (83) 19 (70)

 � Raynaud phenomenon 65 (98) 29 (100) 27 (100)

 � Abnormal nailfold capillaroscopy 34/46 (74) 16/20 (80) 11/18 (61)

 � Puffy fingers 43/64 (67) 21/27 (78) 17 (63)

 � Digital tip ulcers 21 (32) 10 (34) 6 (22)

 � Fingertip pitting scars 10 (15) 7 (24)** 1 (4)**

 � Telangiectasias 43 (65) 19 (66) 18 (67)

 � Calcinosis 17 (26) 9 (31) 7 (26)

 � Pulmonary arterial hypertension¶ 17/51 (33) 10/20 (50) 5/22 (23)

 � Interstitial lung disease†† 22/56 (39) 7/22 (32) 11/26 (42)

 � DLCO <70% 33/50 (66) 14/19 (74) 12/22 (55)

 � Oesophageal dysmotility 38/63 (60) 20 (69) 14/26 (54)

 � GERD/dyspepsia 54/60 (90) 24/25 (96) 21/26 (81)

 � Pneumatosis 3 (5) 3 (10) 0 (0)

 � Pseudo-obstruction 6 (9) 5 (17) 1 (4)

 � Small intestinal bacterial overgrowth 11 (17) 8 (28)*** 1 (4)***

 � Scleroderma renal crisis 1 (2) 0 (0) 0 (0)

Inflammatory myositis features, n (%)

 � Myositis diagnosis 18/65 (28) 11 (38) 4 (15)

 � DM diagnosis 3/65 (5) 1 (3) 2 (7)

Continued
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